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'JAN 16 1973

W. R. Grace and Company 
Attention: Mr. G. E. Ashby, 

Vice President 
Research Division 
Washington Research Center 
Clarksville, Maryland 21029

Docket No. 70-456

Gentlemen: 

This refers to the inspection conducted by Mr. Epstein of this office 
on December 12-14, 1972 of activities authorized by AEC License No.  
SNM-840 and to the discussions of our findings held by Mr. Epstein 
with Mr. G. E. Ashby and Dr. R. J. Herbst of your staff at the conclusion 
of the inspection.  

Areas examined during this inspection included: stack particulate effluents; 
liquid effluent releases; exposure of employees to external radiation; 
contamination surveys; training; management controls; and solid waste 
disposals for the period from March 15 to October 30, 1972. Within 
these areas, the inspection consisted of selective examinations of procedures 
and representative records, interviews with personnel, and observations 
by the inspector.  

Our inspector also examined the circumstances of the overexposures re
ported in your letter to the Directorate of Regulatory Operations dated 
November 7, 1972, which you designated an interim report. After receipt 
and review of a final report concerning this incident, we will inform 
you if we have any questions.  

During this inspection, it was found that certain of your activities 
appeared to be in violation of AEC requirements, and other acti
vities appeared to raise questions concerning the safety of operations.  
The items and references to the pertinent requirements and to gen
erally accepted guidance are listed in the enclosure to this letter.  
This letter constitutes a notice sent to you pursuant to the provi
sions of Section 2.201 of the AEC's "Rules of Practice," Part 2, Title 
10, Code of Federal Regulations. Section 2.201 requires you to submit 
to this office within 20 days of your receipt of this notice, a written 
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statement of explanation in reply1, including: (1) corrective steps 
which have been or will be taken by you, and the results achieved; (2) 
corrective steps which will be taken to avoid further violations; and 
(3) the date when full compliance will be achieved.  

Should you have any questions concerning this inspection, we will be 
pleased to discuss them with you.  

Sincerely, 

James P. O'Reilly 
Director

Enclosures: 
1. Description of Violations 
2. Description of Safety Items

bcc: RO Chief, Materials & Fuel Facilities Branch 
RO:HQ (4) 
L:D/D for Fuels & Materials 
DR Central Files 
PDR-,.  

State of Maryland



ENCLOSURE I 

DESCRIPTION OF VIOLATIONS 

W. R. Grace and Company 
Research Division 
Washington Research Center 
Clarksville, Maryland 21029 
Docket No. 70/456 

Certain activities under your license appear to be in noncompliance 
with AEC regulations and license requirements as indicated below, 

1. License Condition 8(B), License Application dated April 8, 1970, 
Page 36(A), Paragraph 8.6, requires decontamination of restricted 
areas when contamination levels exceed stated action guides.  

Contrary to this requirement, fixed contamination in the vicinity 
of the dialysis and dissolver unit constantly exceeded the action 
guide of 10,000 cpm alpha activity and had not been decontaminated.  

2. License Condition 8(B), License Application dated April 8, 1970, 
Page 10 and 11, Paragraph 6.15, requires that operating personnel 
take prompt action to correct any hazardous condition or noncom
pliance noted by the Radiation Safety Officer.  

Contrary to this requirement, operating personnel did not correct 
the conditions causing the high contamination existing around 
process equipment, nor did they take any action to decontaminate 
these areas. They also did not correct the conditions noted in 
monthly audits made by the Nuclear Safety Committee.  

3. 10 CFR 20.201(b), "Surveys," requires you to make such surveys as 
may be necessary for you to comply with all sections of Part 20.  

Contrary to this requirement, you failed to make such surveys as 
were necessary to assure compliance with 10 CFR 20.103, "Exposure 
of individuals to concentrations of radioactive materials in re
stricted areas." 

a. Specifically, no surveys had been made to determine the con
centrations in air to which employees were exposed when con
tainment was broken approximately once each week of a dialysis
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unit or when containment was broken on the particle formation 
unit.  

b. Specifically, such surveys as were performed In other areas were inadequate in that the devices used collected air at waist level and not in the breathing zones of persons performing 
operations.  

c. Specifically, the evaluation of the exposure that eleven persons received as a result of a reported incident involving the release of radionuclides to a restricted area was inadequate in that the results of air particulate surveys taken twenty to twenty five feet away from the source of the release were included and averaged to give the final result. Also the samples of feces and urine were of too small a quantity and submitted too late to provide an analysis for an adequate evaluation.  
4. License Condition 8(B), License Application dated April 8, 1970, Page 31, Table 7.23 describes the equipment to perform continuous air sampling. Page 36 also states that continuous air sampling 

is performed.  

Contrary to this requirement continuous air sampling of air in the production area had not been performed from March 15, 1972 to December 14, 1972.  

5. License Condition 8(B), License Application dated April 8, 1970, Page 9, Paragraph 6.10, requires that verbal or written instructions be issued to those persons not performing normal operations.  
Contrary to this requirement, two persons on October 6, 1972, broke containment on a gas fluidized bed reactor releasing contained materials to the immediate restricted area without verbal or written instructions having been provided.



ENCLOSURE II 

DESCRIPTION OF SAFETY ITEMS 

W. R. Grace and Company 
Research Division 
Washington Research Center 
Clarksville, Maryland 21029 
Docket. No. 70/456 

Certain items appear to raise questions concerning the safety of 
operations as identified below: 

1. Accepted radiological and nuclear safety practices dictate that * those individuals responsible for health-and safety be notified 
when nonstandard operations are to be performed, so that a proper assessment of safety hazards may be made.  

Contrary to the above, the person responsible for assessing the health and safety of operations was not notified when nonstandard 
operations were performed, such as rodding to relieve the pressure buildup on the fluidized bed reactor; removal of membranes from the dialysis unit; and the breaking of containment on the particle 
formation unit.  

2. Prudent radiologioal safet control practices' dictate that whin'SNM processing equipment deficiencies are encountered, appropriate 
modifications and a comprehensive evaluation of the functional 
characteristic effects of the modifications and a preoperational 
test to verify the evaluations be made.  

Contrary to the above, operations personnel proceeded to process 
1500 gms of enriched uranium in a fluidized bed reactor when pressurization problems had been encountered with this apparatus during the processing of 50 gins, The processing of 1500 gms of enriched uranium resulted in a reported incident involving excessive concen
trations of uranium in air.
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SUMMARY OF FINDINGS 

Enforcement Action 

None 

Licensee Action on Previously Identified Enforcement Items 

Not applicable 

Design Changes 

Not applicable 

Unusual Occurrences 

Not applicable 

Other Significant Findings 

Not applicable 

Management Meeting 

The management meeting was conducted in the offices of Region I, Directorate 
of Regulatory Operations.  

W. R. Grace and Company Representatives 

G. E. Ashby, Vice President and General Manager 
R. J. Herbst, Manager, Operations Services 

Region I Representatives 

J. P. O'Reilly, Director 
R. T. Carlson, Chief, Facility Operations Branch 
H. W. Crocker, Senior, Fuel Facilities Section 
R. H. Smith, Senior, Facilities Radiation Protection Section 
E. E. Epstein, Radiation Specialist 

Items discussed are summarized below: 

A. The Director, Region I, stated that the purpose of the meeting was 
to discuss with corporate management the current methods by which 
the Directorate of Regulatory Operations enforces the federal regu
lations, the findings of our inspectors during recent inspections, 
the relation of their findings to those found during previous inspec-
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tions, the position of management with respect to the findings of our inspectors, and management's plans to correct the violations.  

B. It was stated by Region I representatives that the numerous violations 
in criticality and radiological safety controls in their SNM processing and storage operations indicate that additional emphasis should be placed on their management control program. The violations noted during the inspections of November 29 to December 1, 1972 and 
December 12-14, 1972, were discussed.  

C. The licensee acknowledged the violations reported by our inspectors.  They presented, in general form, their plans for correction of these items. They recognized the fact that reports and letters will be sent to their company on the specific findings of the inspections.  Formal responses to all violations will, of course, be requested by 
Region I.  

D. The Director stated that increased emphasis will be placed on the inspection of the management control system employed by W. R. Grace and Company 
to assure that licensed activities are safely conducted.



G. W. Roy, Chief, Materials & Fuel Facilities Branch 
Division of Compliance, HQ 

RO INSPECTION REPORT NO. 70-456/73-01 
W. R. GRACE AMD COMPANY 
GRACE/NUCLEAR DIVISION 
WASHINGTON RESEARCH CENTER 
CLARKSVILLE, MARYLAND 

I believe this management meeting was very beneficial. The licensee 
appears to be making a real effort to bring their facility back into 
compliance in a timely manner.  

During the meeting, Mr. Ashby stated that the future of their operations is somewhat uncertain. Due to recent requirements imposed by their cus
tomer, Knolles Atomic Power Laboratory, the uncertainty of future contracts and new security requirements of significant expense, they may be forced to terminate their nuclear activities. The nuclear activities 
at the Washington Research Center represent only a small fraction of 
the company's business.  

Mr. Ashby's remarks were made to provide our office with the current 
status of their operations and were not to be construed as an indication 
.that there wouldbe auy reduct•on I. efforts to bring - .their ratioms. ý.-'.*o..  
into cormpliance.  

H. W. Crocker 
Fuel Facilities Section 

Enclosure: 
RO Inspection Report No. 70-456/73-01

cc: RO Chief, Materials & Fuel Facilities Branch 
RO:HQ (4) 
L:D/D for Fuels & Materials 
DR Central Files 
PDR 
NSIC 
State of Maryland

(�O
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W. R. Grace and Company, Grace/Nuclear Division 
Attention: Mr. G. E. Ashby 

Vice President, Manager 
Washington Research Center 
Clarksville, Maryland 21029

Docket No. 70-456

Gentlemen: 

This refers to the meeting which was held at our request at the Region I, Regulatory Operations office, Newark, New Jersey, on January 8, 1973.  This meeting, which related to the inspections of AEC License SNM-840 conducted on November 29 to December 1, 1972 and December 12 - 14, 1972, was attended by Mr. O'Reilly and other members of the Region I staff and by Mr. G. E. Ashby and another member of your company's staff.  
The matters discussed at this meeting related to the violations which were noted by our Inspectors during the referenced inspections and your plans to correct the violations observed by our inspectors. In addition we discussed our intent to increase our inspection emphasis on your management controls which relate to activities licensed by the Atomic Energy Commission.  

It is our view that these discussions were helpful * and -that our understan.ding.. o-1-.ou•r 4m, and yStemn .. ee en ed. P urthermore, wei believe that the discussions relating to your Management Control Systems and our increasing inspection attention in this broad area, should prove to be mutually beneficial to our organizations.  
In accordance with Section 2.790 of the AEC's "Rules of Practice", Part 2, Title 10, Code of Federal Regulations, a copy of this letter and the enclosed inspection report will be placed in the AEC's Public Document Room. If this report contains any Information that you believe to be proprietary, it is necessary that you make a written application Vithin 20 days to this office to withhold such information from public disclosure.  Any such application must include a full statement of the reasons on the basis of which it is claimed that the information is proprietary, and should be prepared so that proprietary information identified in the application is contained in a separate part of the document. If we do not hear from you in this regard within the specified period, the report will be placed in the Public Document Room.  
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Should you have any questions concerning this meeting, we will be 
pleased to discuss them with you.  

Sincerely, 

James P. O'Reilly 

Director 

Enclosure: 
Inspection Report 
No. 70-456/73-01 

bcc: RO Chief, Materials & Fuel Facilities Branch 
RO:HQ (4) 
L:D/D for Fuels & Materials 
DR Central Files 
PDR 
NSIC 
State of Maryland
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U. S. ATOMIC ENERGY COMISSION 

DIRECTORATE OF REGULATORY OPERATIONS 

REGION I

RO Inspection Report No.: 70-456/72-03 

Licensee: W. R. Grace and Company 

Research Division 

Washington Research Center 

Clarksville, Maryland 21029

Docket No.: 70-456 

License No.: SNM-840 

Priority: 1 

Category: A(M)

Location: 

Type of Licensee: Fuel Processing 

Type of Inspection: Special - Announced 

Dates of Inspection: December 12 - 14, 1972 

Dates of Previous Inspection: November 29. 30; December 1, 1972 

Principal Inspector: 6 ^ 

E. Epstein, Radiation Specialist 

Accompanying Inapectors.: i / 
H. W. Crocker, Senior Fuel Facilities 

Inspector

Date 

Date 

"Date

Other Accompanying Personnel: NONE 

Reviewed By:. ~ŽIk 
R.-H./mith, Acting Senior, Facilities Radiologica 
Protection Section



SUMMARY OF FINDINGS 

Enforcement Action 

A. Violations 

1. Failure to maintain fixed contamination below license limits.  
(Report Details, Paragraph 2) 

2. Failure of operations personnel to correct noted hazards and non
compliance. (Report Details, Paragraph 3) 

3. Failure to perform air particulate surveys when containment 
was broken on process equipment. (Report Details, Paragraph 4) 

4. Failure to perform adequate air particulate surveys. (Report 
Details, Paragraph 4(a)) 

5. Failure to perform adequate evaluations and surveys to determine 
the exposure to employees as a result of a reported incident.  
(Report Details, Paragraphs 8(a) (b) (c) (d) (j)) 

6. Failure to perform continuous air sampling in the Production 
area. (Report Details, Paragraph 5) 

7. Failure to provide persons who vented and removed the head of the 
fluidized bed reactor with written or verbal instructions. (Report 
Details, Paragraph 6) 

B. Safety Items 

1. Failure to inform the Radiation Safety Officer of non-standard 
operations in the Production area. (Report Details, Paragraph 7) 

2. Failure to perform proper safety evaluations prior to using a 
fluidized bed reactor. (Report Details, Paragraph 6 and 
8(a) (b) (c) (d) (j)) 

Licensee Action on Previously Identified Enforcement Items

Not applicable
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Design Changes 

Stack height Change. (Report Details, Paragraph 9) 

Unusual Occurrences 

Licensee letter to Directorate of Regulatory Operations dated November 
7, 1972, reporting exposure of eleven persons to excessive concentrations 
of uranium-235 between October 3 and 6, 1972. (Report Details, 
Paragraph 8) 

Other Significant Findings 

A. Current Findings 

None 

B. Status of Previously Reported Unresolved Items 

Not applicable 

Management Interview 

The following persons attended a management interview held on December 
14, 1972.  

Mr. G. E. Ashby, Divisional Vice-President and Manager of Nuclear Operations 
Dr. R. J. Herbst, Manager, Operation Services 

The following subjects were discussed: 

A. The current AEC policy of providing the licensee with a copy of the 
inspection report for their review to define proprietary information 
prior to release of the report to the Public Document Room.  

B. The presence of fixed contamination in the Production Facility in 
excess of license limits. (Report Details, Paragraph 2) 

C. The submission of reports showing fixed contamination to the Operations 
Group and no corrective action being taken. (Report Details, Paragraph 3) 

D. Failure to perform required particulate air surveys in the Production 
Facility, particularly when containment was broken on production equip
ment. (Report Details, Paragraph 4)
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E. The inadequacy of the air sampling that was performed. (Report 
Details, Paragraph 4(a)) 

F. The inadequate evaluation performed to determine the exposure to 
eleven employees during a release of uranium-235. (Report Details, 
Paragraph 8(a) (b) (c) (d)(j)) 

G. Failure to perform constant air particulate monitoring in the Pro
duction Facility. (Report Details, Paragraph 5) 

H. The failure to issue verbal or written instructions to persons per
forming non-standard operations. (Report Details, Paragraph 6) 

I. The failure of operating personnel to notify the Radiation Safety 
Officer in advance of non-standard operations. (Report Details, 
Paragraph 7) 

J. The failure to evaluate the hazards associated with the use of a 
fluidized bed reactor. (Report Details, Paragraphs 6 and 8(a)(b) 
(c) (d) (j) )



DETAILS 

1. Persons Contacted 

Mr. G. E. Ashby, Divisional Vice-President and Manager of Nuclear 
Operations 

Dr. R. J. Herbst, Manager, Operation Services 
Mr. D. L. Sillyman, Health and Safety Officer 
Mr. C. T. Lamberth, Foreman, Nuclear Production 
Mr. G. Widner, Operator 
Mr. L. Wilcox, Operator 
Mr. S. Porter, Consultant 
Mr. S. L. Reese, Consultant 

2. Contamination Surveys 

A review was made of the licensee's smear and direct survey data 
since March 15, 1972. Examination of these records indicated the 
following: 

10/19/72 - Fixed contamination was found in 20 areas. 18 of these 
areas had contamination in excess of 25,000 cpm/100 cm2 with the 
floor at the dialysis and dissolver units showing fixed contamin
ation from 200,000 - 300,000 cpm/100 cm2 of alpha activity.  

10/9/72 - Similar surveys and similar results noted.  

9/25/72 - The floor area at the dissolver unit had fixed contamin
ation from 3,000 - 125,000 cpm/100 cm2 alpha activity.  

3. A licensee representative stated that after each contamination survey 
a written report was made to the person responsible for production, 
but that no corrective action was taken. He stated that the same 
contamination existed on December 14, 1972. In addition, the re
sults of monthly audits and inspections which showed noncompliance 
were submitted to the same person and no corrective action was taken.  

4. Particulate Air Surveys in Restricted Areas 

a. A review was made of particulate air surveys for the restricted 
Production Facility of Building 16-A for the period from March 15 
to December 1, 1972. The review indicated and licensee represen
tatives stated that all surveys were made using an air sampler 
collecting particulates at the rate of 2 cfm and the intake
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of this air sampler is at waist level. All air samples were taken 
at waist level and not in the breathing zones of persons performing 
operations. The licensee representative stated that air sampling 
was intermittent and varied from 15 minutes to 24 hours per sample.  

b. The inspector noted a dialysis unit which contains a semi-permeable 
membrane. Licensee representatives stated that this device was 
taken apart approximately once each week to replace the membrane.  
They also stated that no particulate air surveys were taken in 
this area during this disassembly of the apparatus. The inspector 
also observed the repair of a partical formation column; two per
sons were working at the top of the column removing needles, which 
caused loss of containment. Licensee representatives also stated 
that no air surveys had been performed in this area during this 
operation.  

c. Records of particulate air surveys and statements made by licensee 
representatives, revealed that on October 5 and 6, 1972, two persons 
continuously vented a fluidized bed reactor in which 1.5 Kg of 97% 
enriched uranium had been processed for three days. They were re
ported to have opened a release valve and at each opening, smoke 
and dust were observed emerging from the open valve. On October 
6, 1972, one of these persons, was reported to have removed the 
flanged head of the apparatus and smoke and dust were reported 
to have emerged during this operation. Licensee representatives 
stated that standard air sampling was performed during the removal 
of the apparatus head and that the air intake was at waist level 
and two feet from the work position. The reported air concen
tration during this operation was 8.9 X 10-11 uCi/ml, which is 
less than the MPCa of 1 X 10-10 uCi/ml.  

5. In-Plant Air Monitoring 

Licensee personnel stated that since March 15, 1972, they had not 
performed continuous particulate air sampling in the Productl:Sn 
Facility. They stated that such sampling had been intermittent, 
using portable air samplers. The inspector noted and licensee 
representatives stated that equipment is not available to perform 
continuous air particulate monitoring.  

6. Operating Instructions 

Licensee representatives stated the following: 

The persons.who vented the fluidized bed reactor on October 6, 1972, 
did so without verbal or written instructions being provided by the
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Nuclear Safety Committee or the Radiation Safety Officer; that there 
had been a standard operating procedure (SOP) for this operation when 
the operation was performed inside an enclosed ventilated hood; that 
an SOP had not been issued for the venting operation of the present 
fluidized bed reactor which is larger and contains up-to 1.5 Kg of 
enriched uranium; and that the present fluidized bed reactor was 
used without a ventilated hood. Licensee representatives also stated 
that instructions were not provided regarding radiological safety 
during the breaching of containment on the dialysis unit and the 
particle formation unit.  

7. Non-Standard Operations 

A review was made of the organizational structure and the function of 
the Radiation Safety Officer. The licensee stated that the Radiation 
Safety Officer had not been informed of non-standard operations in 
Building 16-A, thus the required surveys during non-standard oper
ations, such as breaching containment on operating equipment, were 
not performed.  

8. Unusual Occurrence 

a. Licensee representatives stated that on ten to twelve occasions 
prior to October 3, 1972, 50 gms of 97% enriched uranium had 
been processed in the fluidized bed reactor and at each time, 
the material in the reactor had solidified which caused a 
pressure build-up. The practice developed to alleviate this 
was the insertion of a wire rod to open an orifice into the 
tightly packed material. Licensee representatives stated 
that particulate air surveys had not been made during these 
operations.  

b. Licensee representatives stated that the amount of material 
was increased from 50 gms to 1.5 Kg on October 3, 1972 and the 
material within the apparatus solidified with an increase Th 
pressure.  

The operators believed this could be relieved by the rodding 
operation but when a valve was opened to insert the wire rod, 
a puff of white smoke emerged with some visible dust.  

c. Licensee representatives stated that the operation continued 
for 36 hours and that air particulate surveys were performed 
from 3:30 p.m. on October 3, to 11:30 a.m. on October 4, 
1972. These surveys were noted to have been conducted in the
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vicinity of the Change Room, approximately 25 feet from the fluidized 
bed reactor. These samples resulted in a concentration of 1.86 X 
10-13 uCi/ml.  

d. The licensee stated that at noon on October 4, 1972, the pre
heater for heating incoming gases failed and the apparatus was 
shutdown. The preheater was repaired and licensee representatives 
stated that the reactor was started up between 8:00 and 9:00 a.m.  
on October 5, 1972. Licensee representatives stated that at 
20:00 hours on October 5, 1972, an operator vented the apparatus 
by opening a valve and smoke and visible dust were released. Par
ticulate air sampling was performed from 11:30 a.m. October 4, 
to 12:30 p.m. October 5, 1972. According to survey records this 
sampler was located at the sintering furnace, approximately twelve 
feet from the fluidized bed reactor. These concentrations aver
aged 1.93 X 10-10 uCi/ml. A sample was taken in the same area 
between 5:18 p.m. on October 5, and 8:35 a.m. on October 6, 1972, 
and concentrations averaged 5.76 X 10-11 uCi/ml.  

e. Records and statements made by licensee representatives indicated 
that operations were halted by the Radiation Safety Officer on 
October 6, 1972, when the sample taken on October 5, 1972 was 
counted. Survey records also indicated that the first partic
ulate air sample taken in the vicinity of the fluidized bed 
reactor was taken between 5.:45 and,6:38 p.m. on October 6, 1972 
and concentrations were 15.6 X 10-10 uCi/ml. A second sample 
was taken from 9:15 p.m. to 10:54 p.m. on October 6, 1972 in the 
vicinity of the fluidized bed reactor and concentrations were 
37.8 X 10-10 uCi/ml.  

f. Survey records indicated that there was contamination, in ex
cess of 1 X 106 cpm/100 c m2 , alpha activity, on the surface of 
the apparatus and in the immediate vicinity. It was noted that 
persons had been assigend to decontaminate the apparatus and the 
surrounding area and that the Nuclear Safety Committee isued 
a written SOP prior to the decontamination. A review of the 
SOP was made and it was noted that wearing of a full face 
(demand type) respirator, gloves, protective clothing and the 
taking of nasal swabs at the conclusion of the decontamination 
were required. Particulate air monitoring performed during de
contamination and in the immediate vicinity showed concentrations 
of 37.8 X 10-10 uCi/ml. Nasal swab activity after mask removal 
was 12 to 14 dpm alpha.
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g. Particulate air concentrations in the vicinity of the fluidized bed 
reactor after decontamination decreased to 6.7 and 8.3 X 10-12 
uCi/ml. When fluidized bed operations resumed on October 10, 1972 
particulate air concentrations were between 2.5 and 1.9 X 10O 
uCi/ml during October 10 and 11, 1972. The last air survey in this 
area taken on October 16, 1972, showed concentrations of 2.39 X 
10-11 uCi/ml with the apparatus shutdown.  

h. The licensee stated that a consultant had been obtained to eval
uate the exposure to personnel as a result of this incident. They 
stated that the consultant requested urine and fecal samples from 
all persons working in the Production Facility during the incident 
and that these persons be sent to the consultant's facility for 
whole body counting.  

i. The results of bioassay and whole body counting indicated that the 
person who performed the rodding operation on October 3, 1972, and the 
person who continuously vented and removed the head of the fluidized 
bed reactor on October 6, 1972, possibly had body burdens of from 
10 - 15 nCi uranium-235. The consultant had recommended that these 
two persons be sent to ORNL for more intensive whole body counting.  
Four of the twelve persons were reported to have burdens of less than 
4 nCi. Urine samples submitted initially were between two and six 
days post incident and were only of one voiding, from 100 - 300 ml.  
Fecal samples were-submitted between two and six days post incident 
and were only 20 - 30 gms. The consultant stated that he could not 
estimate the exposure from the bioassay samples submitted.  

j. The inspector reviewed the licensee's evaluation of the incident 
with the consultant and the licensee's representatives and noted 
that the employees were reported to have been exposed to approx
imately 6.2 X MPCa for 40 hours. The inspector noted and the 
licensee's representatives confirmed that this exposure was deter
mined by including the concentrations of 2 X 10-13 uCi/ml for 
eight hours on October 2 and 3, 1972. It was noted that t'hese 
concentrations existed at the Change Room a distance of 20 to 
25 feet from the fluidized bed reactor where personnel were 
working. The inspector also noted that confirming air samples 
were taken in the immediate area of the fluidized bed reactor 
on October 6, 1972 which was three days post incident and based 
on these results, 15.6 and 37.8 X 10-0 uCi/ml the exposures 
may have been between 15.6 and 37.8 times MPC.
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k. Corrective action was described by licensee representatives 
as follows: 
(1) Install a rupture disc in the gas supply line to rupture 

at 15 psi.  

(2) Tie the exhaust into the air effluent exhaust system.  

(3) Use smaller quantities.  

9. Design Change 

A review of design changes, showed that the stack for exhausting air from 
the Production Facility of Building 16-A had its height increased from 
32 inches to 13.2 feet above the roof surface. The licensee stated 
that five isokinetic probes have been ordered and will be installed 
to provide representative stack samples. The change occurred during 
the period from October 30 to November 6, 1972.  

10. Stack Particulate Effluent Releases 

The results of stack monitoring were reviewed for the period from 
March 15 to October 30, 1972. The exhaust air from the facilities 
passes through three banks of rough and absolute type filters, accord
ing to a plan of the exhaust system and the results showed that air 
concentrations had not exceeded 1 X 10-14 uCi/ml.  

11. Liquid Effluent Releases 

Water effluent records were examined for a similar period and records 
indicated that all effluent is analyzed for gross alpha activity 
prior to disposal. It was noted that the licensee observed license 
limits and did not dispose of liquid whose activity was greater 
than 2.4 X 10-5 uCi/ml. Such liquids were noted to have been 
sent to the boil-down unit for further processing.  

12. Solid Waste Disposal 

Licensee representatives stated that they accumulate solid waste 
within a boil-down unit. The sediment from this unit is packaged 
and sent to a contractor for reprocessing. Records were noted to 
have been maintained showing each transfer on proper forms including 
kind, quantity and dates of transfer.
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13. Film Badge Monitoring 

A review was made of the film badge processor reports from March 
15 to October 30, 1972 and the results entered on Forms AEC-5.  
These records indicated that film badges were used on a bi-weekly 
basis and that neutron, as well as beta-gamma exposures were mon
itored. These records showed no neutron exposure and beta gamma 
exposures had not exceeded 200 mrem in any calendar quarter year.  

14. TLD Area Monitoring 

The Production Facility was noted to have at least six TLD devices 
affixed at locations on the mezzanine and the walls of the main floor.  
Licensee representatives stated that the film badge processor also 
processes these TLDs. The results, between March 15 and October 

'4, 30, 1972 were also reviewed and showed a maximum exposure of 6.9 
mrem/week.
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ATOMIC ENERGY COMMISSION 
DIRECTORATE OF REGULATORY OPERATIONS 

REGION 1 

970 BROAD STREET NEWARK, NEWJERSEY .i02 

R.H. ith, Acting Senior, Facilities Radiological Protection Section Directorate of Regulatory Operations, Region I 

INSPECTOR'S EVALUATION 
W. R. GRACE AND COMPANY 
CLARKSVILLE, MARYLAND 
DOCKET NO. 70-456 

An inspection, which was performed from December 12 - 14, 1972 revealed seven violations and two safety items. All the violations and safety items reveal a total loss of management control of the program and a disregard for health and safety. The licensee does not have any person on his staff trained to appreciate the hazards concerned with health and safety and relies on outside consultants only when they themselves consider it necessary. In addition, supervision of operations and radiation safety coverage exists only on the day shift, although the licensee operates three shifts daily.  
It is believed that unless corrective action is taken regarding the violations and safety items noted, a serious health hazard will occur.  The licensee has been invited to attend a management conference to be held on January 8, 1973, and has indicated an intention to be present.  

The licensee reports activity in liquid effluent in terms of total alpha content. The need for beta counting to determine thorium activity as well was discussed.  

E. Epstein 
Radiation Specialist 

I TE m# ~



O UNITED STATES 

SATOMIC ENERGY COMMISSION 
DIRECTORATE OF REGULATORY OPERATIONS 

REGION I 

970 BROAD STREET 
NEWARK, NEW JERSEY 07102 

JAN 1.973 

G. W. Roy, Chief, Materials & Fuel Facilities Branch 
Directorate of Regulatory Operations, HQ 

RO INSPECTION REPORT NO. 70-456/72-02 

W. R. GRACE AND COPANY 
RESEAIRCHI DIVISION 
CLARKSVILLE, MARYLAND 

The subject inspection report is forwarded for your information.  

Numerous criticality safety violations were observed during this inspec
tion. Some of these violations have continued uncorrected for two to 
three months even though they previously had been observed and reported 
to management by the licensee's nuclear safety committee. The licensee's 
failure to take proper corrective actions in these matters demonstrates 
the inadequacy of their management control system.  

One operation, involving the transfer, dilution and loadout of highly 
enriched U-235 solutions from a waste boil down operation was being 
conducted without provision of operating procedures or administrative 
controls. Licensee management terminated this operation during the 
inspection and stated that the operation will not be resumed until pro
cedures are provided and license authorization is received for that ac
tivity.  

The licensee's continued operation in noncompliance with license condi
tions, even though repeatedly informed of these conditions by their 
nuclear safety committee, represents gross disrespect for the federal 
regulations.  

Just prior to this inspection, top management made managerial changes in 
their organization to initiate a strengthening of their management con
trol system.  

This licensee depends heavily upon consultants for both criticality and 
radiological safety. Their in-house safety personnel act as servicing 
personnel and do not provide a dynamic safety activity.  

ITEM # _,
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A majority of the processing equipment used in their operations is safe 
geometry equipment. The processes used do not present any unique safety 
problems. With good management control, this facility could be brought 
back into full compliance within thirty days.  

As a result of this inspection and a second inspection conducted on 
December 12 - 14, 1972, we invited Mr. G. E. Ashby, Vice President, 
W. R. Grace and Company, to our office to discuss their corrective actions 
and plans to strengthen their management control system for surveillance 
of plant activities. That meeting was held on January 8, 1973. A 
copy of the report for that meeting will follow.  I 
The safety items noted in this inspection were discussed with George 
Bidinger on January 9, 1973, and he provided RO:HQ concurrence on 
those matters.  

1~ 
H. W. Crocker, Senior I Fuel Facilities Inspector 

Enclosure: 
Subject Inspection Report No. 70-456/72-02 

Scc: RO Chief, Materials & Fuel Facilities Branch (2) 
RO:HQ (4) 
L:D/D for Fuels & Materials 

* DR Central Files 
PDR 
NSIC 

4State of Maryland
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SUMMARY OF FINDINGS 

Enforcement Action 

A. Violations 

1. Failure of the Nuclear Safety Committee, as a body, to investigate 
the high airborne concentration incident that was reported to the 
Commission by letter dated November 7, 1972. (Report Details, 
Paragraph 20) 

2. Failure to provide approved written procedures and instructions for 
the SNM waste dilution operation and failure to enforce procedures 
for storage of materials in the incoming material storage cage.  
(Report Details, Paragraphs 37, 38, 40, 42, and 44) 

3. Failure to prepare and maintain written procedures and/or instruc
tions in the areas of criticality and radiological safety. (Report 
Details, Paragraph 7) 

4. Failure to transfer fissile solutions from the boil down unit directly 
into DOT special permit packages. (Report Details, Paragraph 45) 

5. Unauthorized storage of containers of fissile solution on the floor 
of the fabrication laboratory. (Report Details, Paragraph 43) 

B. Safety Items 

1. Storage of flammable materials, wooden frames and papers, with fissile 
material containers in the incoming materials storage cage. -.(Report Details, Paragraph 40) 

2. Use of unsecured, unstable, free standing fissile material storage rack.  
Report Details, Paragraph 39)
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3. Use of fissile material storage rack which was not provided with a 
physical barrier or other control to maintain positive retention 
of stored materials. (Report Details, Paragraph 41) 

Licensee Action on Previously Identified Enforcement Items 

At the previous inspection, the licensee was found in noncompliance with 
Condition 8, Section 8.11 of his April 8, 1970 application in that he 
failed to label containers in the processing area.  

During this inspection it was observed that the deficiency had been 
corrected. (Report Details, Paragraph 46) 

Unusual Occurrences 

By letter dated November 7, 1972, the licensee reported a high airborne 
activity incident (10 CFR 20.405). The circumstances and corrective 
action taken by the licensee were reviewed. The licensee had not com
pleted their evaluation and corrective action at the time of this in
spection. (Report Details, Paragraphs 13 - 20) 

Other Significant Findings 

A. Current Findings 

The licensee possessed approximately 50 kilograms of highly enriched 
uranium. That material was being used in fuel fabrication and pro
cess development utilizing various forms, including solutions.  
Equipment and operations are relatively standard, although some 
design changes have occurred and are contemplated.  

Organization and personnel changes have occurred since the last in
spection. The licensee depends heavily upon consultants in the 
areas of health physics, nuclear safety, and nuclear materia-s 
management.  

B. Status of Previously Reported Unresolved Items 

There were no unresolved items noted during the previous inspection.
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Management Interviiw 

An exit interview was conducted at the conclusion of the inspection, on 
December 1, 1972. The following persons were present: 

W. R. Grace 

G. E. Ashby, Manager, Grace/Nuclear Division (GND) 
R, J. Herbst, Manager, Operation Services (GND) 
S. Reese, Nuclear Safety Consultant 
J. Blouin, Supervisor, Engineering (GND) 
D. L. Sillyman, Health and Safety Officer 

AEC 

W. J. Cooley, Fuel Facilities Inspector 

A. Licensee management was informed of the scope of the inspection and 
of the following violations and safety items: 

1. Violation - Failure of the Nuclear Safety Committee, as a body, 
to investigate the high airborne concentration incident that was 
reported to the Commission by letter dated November 7, 1972.  
(Report Details, Paragraph 20) 

2. Violation - Failure to provide approved written procedures and 
instructions for the SNM waste dilution operation and failure 
to enforce procedures for storage of materials in the incoming 
material storage cage. (Report Details, Paragraphs 37, 38, 40, 
42, and 44) 

3. Violation - Failure to prepare and maintain written procedures 
and/or instructions in the areas of criticality and radiological 
safety. (Report Details, Paragraph 7) 

4. Violation - Failure to transfer fissile solutions from the boil 
down unit directly into DOT special permit packages. (Report 
Details, Paragraph 43)
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5. Violation - Unauthorized storage of containers of fissile solution 
on the floor of the fabrication laboratory. (Report Details, 
Paragraph 43) 

6. Safety Item - Storage of flammable materials, wooden frames and 
papers, with fissile material containers in the incoming materials 
storage cage. (Report Details, Paragraph 40) 

7. Safety Item - Use of unsecured, unstable, free standing fissile 
material storage tank. (Report Details, Paragraph 39) 

8. Safety Item - Use of fissile material storage rack which was not 
provided with a mechanical or other type buffer to maintain re
tention of stored materials. (Report Details, Paragraph 41) 

B. The licensee representative gave assurance that the waste dilution 
operation had been terminated until, as a minimum, detailed operating 
procedures had been written and approved and license approval had been 
obtained.  

C. Details of the AEC's method of correspondence with licensees and the 
requirement of replies to deficiencies were outlined. Additionally, 
the licensee's representatives were informed of the Commission's 
policy of placing inspection reports in-the Public Document Room 
and of the provisions of 10 CFR, Part 2, and 10 CFR, Part 9, which 
permit the withholding from public disclosure proprietary information.



REPORT DETAILS 

1. Persons Contacted 

G. E. Ashby, Manager, Grace/Nuclear 
R. J. Herbst, Manager, Operations & RSO 
J. J. Blouin, Supervisor, Engineering 
D. L. Sillyman, Health and Safety Officer 
H. Davis, Acting Foreman, Nuclear Production 
S. L. Reese, Nuclear Safety Consultant 

2. Organization 

Changes in organization and personnel have occurred since the last 
inspection. The organizational name of the licensee's nuclear ef
fort is now Grace/Nuclear managed by G. E. Ashby who reports to 
T. G. Gibian. Reporting to Ashby are R. J. Herbst, Manager, Oper
ations Services; D. L. Sillyman, Health and Safety Officer and R.  
Bevill, Security Officer. Also reporting to Ashby are the positions 
of Quality Assurance Engineer, Vacant, and Accountability Officer, 
R. J. Herbst (Acting). In a line organization separate from the above 
and reporting to Ashby are J. J. Blouin, Supervisor, Engineering; N.  
H. Weissert, Supervisor, Analytical; C. Lamberth, Foremen, Nuclear 
Production; and G. N. Zeleznik, Foreman, Fine size Production. D.  
R. Telesca is no longer a part of the nuclear organization.  

3. The licensee stated that consultants are used in the areas of nuclear 
safety, radiation physics, and material accountability. Dr. Herbst 
is presently the contact for those consultants.  

4. Mr. Telesca's responsibilities have been divided among several per
sons notably C. Lamberth who is presently in charge of the fabrication 
facility operation and J. Blouin who is presently responsible.°tor 
equipment and procedures modification. Additional consultation is 
available from other groups at the Grace Washington Research Center.  

5. Approximately ten additional individuals support the nuclear effort 
as operators and laboratory personnel.
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6. Nuclear Safety Committee 

The licensee maintains a Nuclear Safety Committee whose membership has varied since it became active. Members of the committee have been Herbst, Reese, J. H. Baird, Telesca, Lamberth, and Sillyman.  Reese and Baird provide independence in that they are respectively, consultant and managment representative outside the licensed organization. Herbst and Sillyman represent the radiation safety function.  Blouin and Lamberth represent fabrication operations.  
7. Functions of the Nuclear Safety Committee include monthly facility .audits with written reports of audit results, definition of problems and requests for corrective action and review and approval by signature of all standard operating procedures.. It was noted that the 

licensee does not maintain written procedures and instructions in the areas of criticality and radiological safety.  
8. Nuclear Safety Committee Audit Reports 

Nuclear.Safety Committee inspection reports for the months of August through November 1972 were reviewed. Reported observations and recommendations by the Committee were heavily oriented toward nuclear safety. Observations recorded by the Committee include operations performed in a manner contrary to AEC license commitments and contrary.to accepted practices in nuclear work...  
9. Written replies to committee recommendations were made by the licensee's nuclear management and indicated an effort to correct deficiencies. Man

agement's written response to the committee's inspection recommendations dated September 19, 1972 was a directive to shutdown certain fissile solution operations until they met license requirements or until AECapproved license changes had been made.  
10. Subsequent Committee inspection reports dated October and Novqember 1972 indicate that those operations were not suspended and, for the most part, recommended corrective action was not accomplished.  
11. The last in the series of Nuclear Safety Committee inspection reports which was dated November 21, 1972, listed five uncorrected items car

ried from previous reports dating to the original inspection in August 1972.  

12. The November 21 report listed four additional items which gave the 
committee concern in the area of safe practices. Most of the Committee's concerns were observed independently by the AEC inspector and are listed as items of noncompliance and safety items in this report under the heading Enforcement Action.
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13. Details of Unusual Occurrence and Corrective Action Taken by Licensee 

The licensee's report dated November 7, 1972, presented proposed cor
rective action but did not relate the incident circumstances. The 
licensee's representatives gave the following details of the incident.  

14. The incident occurred at a fluidized bed reactor which, at the time, 
was not equipped with local ventilation. Loading of that reactor with 
fissile material and process gases began about 7:00 p.m. on October 
3, 1972. Between October 3 and October 4, reactor startup difficulties 
were encountered including an observed rise in reactor operating pressure.  
On October 4, the reactor was "plug rodded" by the supervisor responding 
to that pressure rise. The "plug rodding" operation appears to be 
common and is performed to remove input material plugs at the base of 
the reactor. The operation is accomplished by venting the reactor at 
its top and inserting a long, metal rod. On October 5, additional 
plugging at the'reactor input was experienced and relieved. Further 
reactor pressure rise was also experienced and the system was vented 
about 10:00 a.m. at which time smoke and dust was observed coming 
from the system. The reactor was again vented at about 11:00 p.m.  
with the accompaniment of dust and smoke. The operators waited ap
proximately 45 minutes, donned half-face respirators and vented the 
reactor repeatedly, observing dust and smoke each time.  

15. The cycle was repeated until no further dust-venting was noted at 
which time the "plug rodding" operation was attempted again. In that 
attempt the operators encountered a plug near the top of the reactor 
accounting for the anomalous pressure rise. The operator thereupon 
opened the reactor noting further smoke and dusting. A vacuum exhaust 
hose was added in the vicinity of the reactor flange and the reactor 
was disassembled and cleaned.  

16. Five air samples were obtained over portions of the operations de
scribed above. The results of those samples are included in the 
licensee's report and indicate an average exposure of approximately 
6 X MPCa.  

17. Licensee management recapitulated the incident by noting that an un
usual reactor vessel plug occurred downstream during operation. Oper
ations personnel responded by venting the vessel, an operation which 
is not included in the reactor operating procedure. Management added 
that proper final design of the vessel should have removed the manual 
vent or should have provided a ventilation exhaust hood.
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18. Engineering corrections which had been made at the time of this 
inspection were explained by engineering personnel. The one inch 
diameter reactor off-gas line had been replaced with a two inch 
diameter line to reduce downstream plugging. An elephant truck 
ventilation line had been installed to be used during operations.  
The reactor input loading had been reduced to prevent overloading 
the system. A "Swagelok" seal on the rod used to clean plugs had 
been installed to permit the plug rodding operations without the 
need for venting the reactor. Those engineering corrections were 
observed by the inspector to have been accomplished.  

19. Licensee representatives stated that full face masks had been pro
cured for use in the event of suspected airborne contamination. At 
the time of this inspection the licensee had not yet ordered personal 
air sample equipment to augment this air sampling program as indi
cated in his report dated November 7. Steps had been taken, by 
reference to equipment catalogs, to select that equipment.  

20. Much of the incident details presented above, including the en
gineering corrections were obtained in conversations with licensee's 
employees who were depending upon their memories for that information.  
The only recorded information regarding the health aspects of the 
incident was the raw air sample data and an attempt at correlation 
of that data with the sequence of operations which may have caused 
the high airborne activity. Specifically, there was no apparent, 
conserted effort on the part of the licensee's Nuclear Safety 
Committee to investigate, evalute, or document the incident details.  

21. Inplant Air Sample Program 

The licensee has four, portable air samplers available. Three of 
the samplers are located in the fabrication facility and are used 
to monitor specific operations.  

22. Records of air sample results are maintained on forms which indi
cate, by diagram, the location of the sampler. Those records also 
include the raw data and sampling results in terms of concentration 
and per cent of MPCa.  

23. A review of air sampling results dating from approximately March 1972 
to the date of this inspection indicated that approximately five air 
samples of relatively short time duration are obtained each week.  
Records indicate that samples are obtained at sintering and finishing 
operations, during the addition of fissile material to the dissolver,
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during filter changes at certain equipment and during a floor 
vacuuming operation. Records indicated that occasional, short-term 
high airborne concentrations are experienced during those operations.  
Airborne concentrations ranging from 1 - 3 X 10-10 microcuries per 
cc were noted but did not appear to be in excess of the MPCa of 
1 X 10-10 microcuries/cc when averaged over a 40-hour week. The 
concentrations referred to are those routinely experienced and do 
not include the high airborne concentrations listed by the licensee 
in his unusual incident report.  

24. According to licensee representatives operations are conducted on 
three shifts while health physics surveillance is available only 
on the day shift. It was indicated that on occasion (particularly 
during the reported incident) health physics assistance has been 
made available during off shift hours.  

25. It was observed that air samples are often counted shortly after 
being obtained and counted only once, thus not providing for' radon 
decay. Licensee representatives indicated they had not appreciated 
the radon decay problem until the reported incident and that they 
had not established counting procedures to that end.  

26. Exhaust Air Monitoring 

The licensee monitors the fabrication laboratory exhaust air. Samples 
are normally collected and evaluated once each week. Raw data and 
calculated exhaust air concentrations are recorded on an air sample 
data sheet similar to that used for inplant monitoring data. A review 
of that monitoring record from approximately March, 1972 to the date 
of the inspection in icated that exhaust concentrations ranged from 
10-15 uCi/cc to 10-V uCi/cc. The laboratory air effluent passes 
through a system of absolute filters.  

27. No exhaust air sample results were available for the week of October 
1, 1972 (week of the reported incident). Licensee representatives 
stated that no samples had been obtained for that week because the 
air pump connection to the sample line was found parted when the sam
ple filter paper was collected. Moreover, the licensee reported that 
no exhaust air samples had been obtained for approximately two weeks 
prior to this inspection and would not be obtained until approximately 
the end of 1972 because of ongoing exhaust stack and sampling system 
design changes. The licensee indicated that stack height, sample 
line port and sample line routing were being changed to provide iso
kinetic effluent sampling.
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28. Health Physics Contamination Survey Program 

Both smear and direct reading surveys of the fabrication laboratory 
areas are made daily by the licensee. Separate areas are surveyed 
each day with the entire facility being surveyed once per week.  
Smears are for an estimated one square foot area with the results 
reported in terms of activity per 100 cm 2 . A copy of survey records 
is supplied to the fabrication laboratory supervisor, and on occasion 
to the facility manager. Those copies indicated the location of con
tamination which requires cleanup based on an internally generated 
action level of 2500 dpm/100 cm 2 for working area and .250 dpm/100 cm 2 

for clean areas. A review of those records and licensee statements 
indicated some delay on the part of operation personnel accomplishing 
decontamination. It was indicated that a maximum of one week delay 
in cleanup had been experienced apparently due to the pressure of 
work and the limited number of personnel available for decontamination.  

29. A review of contamination survey records dating from approximately 
March 1972 through November 13, 1972 usually indicated results less 
than 500 dpm/lO0 cm 2 with occasional spots ranging to a 1000 dpm/100 
cm 2 . Cleanup efforts at a level of 2500 dpm/100 cm2 were indicated 
on the survey records. Fixed contamination on the order of 10k (10,000) 
to 15k counts per minute and removalbe contamination on the order of 
100k cpm (direct reading) were encountered and were cleaned in an ex
tensive effort about September 20, 1972.  

30. According to licensee representatives much of the contamination found 
has been from liquids except at the location of sintering operations.  
In an effort to control liquid contamination, the licensee has installed 
new valves on chemical equipment, painted trays under vessels with a 
stripable coating material and assigned more janitorial cleaning time.  

31. Bioassay Program 

The licensee conducts a urinalysis bioassay program with analytical 
work performed by an independent laboratory. Approximately 20 people 
participate in the program with samples collected at a monthly fre
quency. Management and maintenance personnel participating in the 
program are sampled on a quarterly basis.  

32. Instructions on sampling procedure accompany the sampling test 
provided by the analytical laboratory. The licensee's action 
level is set at 25 dpm/liter as determined by radiometric analysis.
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33. The licensee urinalysis bioassay records in the form of analytical 
laboratory reports were reviewed for the period of approximately 
December, 1971 through the report dated November 6, 1972. The 
maximum bioassay activity observed in that review was 25 dpm/liter.  

34. The review included the results for samples collected on October 28, 
1972, which post-dates the high airborne concentrations reported by 
the licensee on November 7, 1972. Nine of the eleven individuals 
potentially exposed during the incident were sampled at that time.  
Volume of the sample ranged from 200 to 450 cc. The maximum bio
assay activity indicated was 20 + 8 dpm/liter. Of the nine in
dividuals sampled, four indicated positive results. The licensee 
representatives indicated that, for some reason, two individuals 
had been missed in the sampling procedures.  

:35. With regard to the timeliness of bioassay sampling, the licensee 
representative stated that their health physics consultant reques
ted three additional urine samples each on two potentially exposed 
individuals. That request had been made approximately one week 
prior to the presently reported inspection.  

36. The consultant also requested that those two individuals be lung 
counted for uranium-235 at the Oak Ridge National Laboratory for 
confirmation. At the time of this inspection, those additional 
samples had not been collected and arrangements for the lung count 
had not been made.  

37. Physical Inspection of Fabrication Laboratory 

Incoming and some in-process fissile material is stored in a 
locked cage located on the mezzanine of Building 16 A. The licen
seels Standard Operating Procedure No. 1 which is addressed to that 
storage of fissile material was posted at that cage. A review of the 
procedure indicated that it required fissile storage be in safe racks 
and that it prohibited the storage of fissile solutions in that area.  

38. It was observed that several containers of fissile material including 
10, 30 and 55 gallon drums, as well as smaller containers, were stored 
on the floor of the storage cage rather than in safe racks. The fissile 
content of those containers was estimated by the licensee to range 
between 40 and 60 grams uranium-235 each. Additional laboratory sam
ples were stored in a box on the floor.
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39. The storage cage also contained a slender storage rack measuring ap

proximately four feet tall by 25 square inch base area. That rack 

contained approximately 400 grams uranium-235 in containers on several 

shelves. That rack was not fastened to any other structure and was 
quite unstable.  

40. A nominal 11 liter, 5 inch diameter polyethylene bottle containing 

fissile solution at an estimated 150 grams per liter concentration 

was stored in a wooden safe storage rack located in the storage cage.  

That solution was described as recycle material by a licensee repre

sentative. The cage was also being used for storage of several boxes 
of paper clerical supplies.  

41. An additional fissile material storage rack similar in design to that 

described above was located outside the storage cage on the mezzanine 

of the laboratory. That rack contained cans of fissile material which 

were oversized for the rack cubicles and obviously not intended for 

storage in the racks. Those containers were resting on the rack re

straining lips. That storage rack was bolted to the floor and appeared 

stable. The rack was not provided with a physical barrier or any other 

control to maintain positive retention of stored materials.  

42. On the main floor of the fabrication laboratory the inspector observed 

an operator performing a waste fissile solution diluting operation. The 

operation as described, begins with the transfer of concentrated solution 

from the boil down unit to geometrically safe polyethylene bottles. The 

waste concentration varies to a maximum of about 150 grams U-235 per 

liter. Two analyses are obtained to determine the fissile concentration 

and the material is then pumped from the safe bottle to a large glass 

graduate in a predetermined quantity. The graduate is subcritical by 

volume. The contents of the graduate are then poured into a non-geo

metrically safe, five gallon polyethylene container and subsequently 

diluted with water to a concentration less than 5 grams uranium-235 

per liter. Two five-gallon containers of that description are placed 

in a 55-gallon drum along with vermiculite, the drum sealed lad used 

as a shipping container.  

43. The licensee had constructed a number of waste solution in-process 

storage containers. Those containers were 55-gallon drums provided 

with internal, sheet-metal bracing to accommodate and centralize 11 

liter bottles of concentrated waste from the boil down unit. At the 

time of this inspection, approximately 18 in-process storage containers 

of that design were observed in an array located near the loading dock 

door of the laboratory. The array included containers of concentrated 

fissile material along with shipping containers loaded with the diluted 

fissile solutions.
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44. The licensee representative stated that no written standard operating 
procedure existed for the waste dilution operation and that laboratory 
floor storage of solutions was not authorized by the subject license.  

45. Section 11.1 of the licensee's April, 1970 application describes fissile 
solutions as being concentrated in the boil down system and packaged 
directly from that system into DOT Special Permit packages. A licensee 
representative stated that approximately 80 shipping containers con
taining a total of approximately 800 gallons of dilute fissile solution 
has been prepared by the methods above and transferred for waste 
reprocessing.  

46. The inspector observed that the noncompliance noted in the previous 
inspection, concerning labeling of containers has been corrected.
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W. R. Grace and Company,. Grace/Nuclear Division Docket No. 70-456 
Attention: Mr. G. E. Ashby 

Vice President, Manager 
Washington Research Center 
Clarksville, Maryland 21029 

Gentlemeo; 

This -.refers to the inspection conducted by Mr. Cooley of this office on 
November 29 - 30, and December 1, 1972, of operations authorized by AEC 
License No. SNM-840 and to the discussion of our findings held by Mr.  
Cooley with Mr. Ashby of your staff at the conclusion of the inspection.  

Areas examined during this inspection included: organization; use of 
consultants; chemical and physical processes; facilities and equipment; 

. .Nuclear Safp.ty.. u2tt a vities including. eports- fr.the. perio& from 

S.on.or -g and contamination control records for the period from March 
1 to November 30, 1972; and bloassay records for the period from December 
1, .1971 to November 30, 1972. Within these areas, the inspection con
sisted of selective examinations of procedures and representative 
records, interviews with personnel and observations by the inspector.  

This inspection also included an examination of the circumstances of the 
airborne activity incident which you reported to the Commission by letter 
dated. November.7, 1972, .and the steps you have taken to prevent its recur
rence. .With regard to your corrective action, we note that you are ordering 
additional air sampling'equipment with which to augment your health physics 
program. That equipment and its use, as well as your complete evaluation 
"of the incident, will be a subject of the next inspection.  

During this inspection it was found that certain of your activities appeared 
to be in violation of AEC requirements and not in accordance with appropriate 
safety practices. The items and references to the pertinent requirements are 

IITEm 
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listed in the enclosures to this letter. This notice is sent to you pursuant 
to the provisions of Section 2.201 of the AEC "Rules of Practice," Part 2, 
Title 10, Code of Federal Regulations. Section 2.201 requires you to sub
mit to this office within 20 days of your receipt of this notice a written 
statement or explanation in reply including: (1) corrective steps which 
have been taken by you, and the results achieved; (2) corrective steps 
which will be taken to avoid further violations; and (3) the date when 
full compliance will be achieved. In addition to the need for corrective 
action regarding specific deficiencies, we are concerned about the imple
mentation of your management control system that permitted these defi
ciencies to occur. Consequently, in your reply, you should describe, in 
particular, those actions taken or planned to improve the effectiveness 
of your management control system.  

We note that the liquid waste dilution operation referred to in item 
No. 2 of Enclosure No. 1 was suspended on November 30, 1972. It is 
our understanding that the operation will not be resumed until de
tailed written procedures have been established and license approval 
has been obtained.  

Should you have any questions concerning this inspection, we will be 
glad to discuss them with you.  

... Sincerely,.- .... 

James P. O'Reilly 
Director 

Enclosures: 
As Stated 

bcc: RO Chief, Materials & Fuel Facilities Branch (2) 
RO:HQ (4) 
L:D/D for Fuels & Materials 
DR Central Files 
PDR 
NSIC 
State of Maryland



ENCLOSURE NO. 1 

Description of Violations 

W. R. Grace and Company 
Clarksville, Maryland 
Docket No. 70-456 

Certain activities under your license appear to be in noncompliance with 
license requirements and AEC regulations as indicated below: 

1. License Condition 8B incorporates Section 6.9 dated August 9, 
1972, of your license application which requires that the Nuclear 
Safety Committee will stand ready to aid in the solution or correc
tion of incidents and emergencies involving special nuclear material.  

Contrary to that requirement, the high airborne concentration inci
dent reported to the AEC by your letter dated November 7, 1972, had 
not been investigated, evaluated, or documented by your Nuclear 
Safety Committee acting as a body.  

2. License Condition 8B incorporates Section 6.10 dated August 9, 1972, 
of your license application which requires that all operations at the 
site involving special. nuc1ear material be performed, only. in accordance..  

* with written procedures 'which" have -been revie"wed and :approved.

Contrary to that requirement, approved written procedures and instruc
tions were not prepared for the liquid waste dilution operation used 
in preparing fissile solution for shipment.  

Moreover, contrary to the requirement of adherence to your procedures: 

a. at the time of the inspection, quantities of fissile material 
ranging from 40 to 60 grams uranium 235 were stored on a floor 
of the incoming materials storage cage, and not in racks as 
required by your Standard Operation Procedure No. 1 and 

b. a fissile solution was stored in the incoming material storage 
cage contrary to your Standard Operating Procedure No. 1.
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3. License Condition 8B incorporates Sections 6.10 and 6.11 dated August 
9, 1972, of your license application which requires detailed, specific 
procedures involving safety.  

Contrary to that requirement, standard operating procedures, oper
ating manuals, or specific instructions had not been prepared in 
the areas of criticality and radiation safety.  

4. License Condition 8B incorporates Section 11.1 dated August 9, 1972, 
of your license application which requires that fissile solutions 
will be concentrated in the boil down system and packaged directly 
from that system into DOT special permit packages.  

Contrary to that requirement, at the time of the inspection fissile 
solution were being transferred from the boil down unit to the non
specification containers which were arranged in an array on the floor 
of the fabrication laboratory.  

5. 10 CFR 70-41(a) "Authorized use of special nuclear material," re
quires that possession and use of special nuclear materials be limited 
to the locations and purposes authorized in this license.  

Contrary to this requirement, at the time of the inspection both con
centrated and dilute fissile solutions, in a common array of both 
DOT specification and internally-designed containers were stored on 
.the 4fIor'of -the fabricatioh laboratory, i-4ithout authorization- under 
AEC License No. SN14-840.



ENCLOSURE NO. 2 

Description of Safety Items 

W. R. Grace and Company 
Clarksville, Maryland 
Docket No. 70-456 

Certain items appear to raise questions concerning the safety of operations 
as identified below: 

1. Prudent nuclear safety control practices dictate that the use of 
flammable materials be minimized in areas where fissile materials 
are handled or stored.  

Contrary to the above, at the time of the inspection, wooden storage 
frames and several large boxes of clerical papers were observed stored 
with fissile material in the incoming materials storage cage located 
on the mezzanine of Building 16 A.  

2. Prudent nuclear safety control practices dictate that fissile material 
storage racks be adequately secured in place to prevent displacement 
of the storage array.  

4-Contrary to-the a"ovd., Iat teteofheisetion, the. ncoming 

material storage cage was equipped with an unsecured, free standing 
fissile storage rack which was very unstable because of its large 
height to width ratio.  

3. Prudent nuclear safety control practices dictate that fissile storage 
equipment be designed to provide positive retention of fissile mater
ials.  

Contrary to the above, at the time of the inspection, the fipsile 
material storage rack located outside the storage cage was not 
provided with a physical barrier or other control to provide posi
tive retention of stored materials.

k
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70-456 

W. R. Grace & Co.  
ATTN: Mr. R. J. Herbst Oi' 

Radiation Protection Officer 
Washington Research Center 
Clarksville, Maryland 21029 

Gentlemen: 

Your letter dated December 11,, 1972, requests authorization 
to determine and limit personnel 'exposure to airborne radio

- active contamination by sampling only respirable size phfticles.  using the National Environmental Instruments, Inc. 'Model C-115 Personnel Monitor and Lapel Sampler or its equivalent.  

According to Section 2 0.103(c)(2) the Commission may authorize 
a licensee to expose an individual in a restricted area to 
airborne concentrations in excess of the limits specified in 
Appendix B, Table I, 10 CFR 20, upon receipt of an application 
demonstrating that the concentration is composed in whole. or 
in part of particles of such size that such particles are.n.ot 
respirable; and that the individual will not inhale in e xcess 
of the limits established in Appendix B, Table I.  

Before we may further review your application you should submit 
the demonstration required by Section 2 0.103(c)(2).  

Include data estab~lishing the particle size distribution of the 
contamination prevailing in the atmosphere of the pertinent 
work spaces and explain how the respirable fractions as evaluated 
by the proposed sampler, compares to the respirable frae-tion that 
was utilized in establishing the .concentration values in Column 1, 
Table 1, Appendix B, 10 CFR 20.  

Describe the Model C-115 instrument and any acceptable alternate 
which you claim will not detect non-respirable particles. Pro
vide data on its sampling characteristics and identify what• 
fraction of inhalable particles it will detect. * 

:~~I . t F.  

*TEM#
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What correlation have you experienced running'sumples simultaneously 
in atmospheres characteristic of the proposed work space, separated,, 
by a distance comparable to that between a +orker's nose and his 
monitoring instrument? 

Establish that inhalation of a radioactive material by employees'
will be as low as practicable when taking.credit for nqn-respirable 
size particles.  

Establish the calibration frequency and method you will use, to 
verify sampler performance and Xhe respirabie component -of the 
atmosphere to which workers may be'subject. .  

Sincerely, 

R. B. Chitwood, Chief 
Fuel Fabrication and Reprocessing' 

Distribution: Branch 
Public Document Room Directorate "of Licensing 
Docket File 
Branch R/F 
L:FM R/F 
~QHQ (2) 
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70-456 
SNM-840, Amendment No. 3 /

W. R. Grate & Company 
ATTN: Mr. G. E. Ashby 

Vice President, Nuclear 
Washington Research Center 
Clarksville, Maryland 21027'

Gentlemen:

Pursuant to Title 10, Code of Federal Regulatione., Part 70, 
Special Nuclear Material License No. SNM-840 is hereby, 
amended to incorporate in Item 8B the revised pages 13, 23A, 
29, 50, 55, 56, 66A and 66B, dated November 6, 1972, and 
submitted with your application dated December 11, 1972.  

All other conditions of this license shall remain the same.' 

Your request that the revisions to pages'23 and 23A be with
held from public disclosure pursuant to Section 2.790 of, 
XO CFR 2 is under review. We will advise you when a final 
determination has been made regarding the request for with
holding.  

The review of your October 4, 1972, application for renewal 
is not complete. However, you will be requested to identify 
all effluents and all inplant operations that release radio
activity and demonstrate that the procedures and equipment 
being used to control releases are such that the releases 
are as low as practicable.  

FOR THE ATOMIC ENERGY COMMISSION 
Distribution: 
Public Document Room 
State Health Official 
Docket File HJMcAlduff, OR ..  

L:FM R/F RGPage, LLMPP ' • 
FFRB R/F ACabell, DRAR. B..Chitwood, Ch'ief 

L HQ (2) BBrooks, GM Fuel Fabrication and 'Reeocssaing 
VJD'Amieo_,.__RO _.RBCh i two od- . . .
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We believe that the one-time shipment by motor express and.  
exclusive use of vehicle of this quantity of material in the 
shipping assembly described above in no way enrdangers life or 
property or the common defense and. security.  

The container does not comply with ICC specifications, and 
we have asked the DOT for special permission to use it. I have 
also attached a copy of my letter to DOT. I am certain that 
your authorization or concurrence in our plan will help our 
case. If you have any questions, call me at (301) 531-5711, 
extension 550. Thank you.

Sincerely yours, 

Richard J. Herbst

Rat/par 
attachmen ts

a

:1

UP 
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IE']GULATORy OPwrATEONS 

W. R. GiR AC E c.

RESEARCH DIVISION

Washington Research Center, CIarksvtlle, Maryland 21029 

5 February 1973 

R. B. Chitwood, Chief 
Directorate of Licensing 
Fuel Fabrication and Reprocessing Branch 
U. S. Atomic Energy Commission 
7920 Norfolk Avenue 
Bethesda, Maryland 20014

Ref: (1) 
(2) 
(3) 
(4)

Docket 70-456 
Special Nuclear Material License,SNM 840 

Letter: R. J. Herbst to USAEC (11 Dec 1972) 

L:FFRB:JCD (31 Jan 1973)

Dear Sir: 

W. R. Grace & Co. withdraws its request for 

authorization to determine and limit personnel exposure 

to airborne radioactivity on the basis of air sampling 

respirable size particles only.  

Thank you for considering our request.  

Sincerely 

R J. Herbst 
Radiation Protection Officer

RJH/cal

ITEM # 942.- &Y-
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70-456 
SNM-840, Acendment No. 71-1 

FEB 1 -1973 

W. R. G'2'ace & Co.  
ATTN: I=r. G. B. Ashby 
Washington Research Center 
Clarksville., Maryland 21029 

Gentlemen: 

Bnclosed is Amandment No. 71-1 to Special Nuclear 1i=terial License 
rio. SI- 840 authorizing delivery of cpacial nuclear material to a 
carrier for tr.nsport in the l1odel Zo. WTG-10 C1 package.  

Note that this amendment does not authorize the transport of special 
nuclear material. Such transport is normally subject to regulation 
by the Dapartmant of Transportation (D3T). Questions regarding their 
rcquiremcnts should be directed to D=T.  

Sincerely, 

,. lgneabl 

Charles E. 1MacDonald, Chief 
Transportation Branch 
Directorate of Licensing

As stct•d 

cc: I.'r. Alfred W. Grella, DOT 

11r. Stan Tceesa 
Nuclear Safety Associates 
1055-2 Iockville Pike 
ioc'zville, 1:a2ylcnd 20852 

ITEM #.

Distribution: w/o encl
Docket File 
Document Room 
State Health (License only) 
RO:HQ (2) 
HJMcAlduff, OROO 
VJD'Amico, RO 
BBrooks, GM 
ACabell, DRA 
CEMacDonald, L:TB 
M.Odegaarden, L:TB 
FRinaldi, L:TB 
Branch RIF 
L:F&M R/F

c�'V 

�\Q)

OFFICE> 

SURNAr,E > 
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For. AEC-401a 
(7/70)

UNITED STATES 
ATOMIC ENERGY CG(MISSION

")EB 16 1973

LICENSE AMENDMENT 
for 

DELIVERY OF RADIOACTIVE MATERIAL 
to a 

CARRIER FOR TRANSPORT 

Pursuant to the Atomic Energy Act of 1954 and Title 10, Chapter 1, Code of 

Federal Regulations, Part 30, "Rules of General Applicability to Licensing 
of Byproduct Material", Part 70, "Special Nuclear Material", as appropriate, 
and Part 71, "Packaging of Radioactive Material for Transport", the follow
ing amendment to the license identified below is hereby issued, authorizing 
the licensee to deliver radioactive material to a carrier for transport, 

and is subject to the conditions specified in that license and to the condi
tions specified below: 

LICENSEE 

1. Name; W. R. Grace & Co. 3. License No. SNM-840 

2. Address: Washington Research Center Amendment No. 71-1 

Clarksville, Maryland 21029 
Docket No. ,70-456 

CONDITIONS

4. (a) Packaging 

(1) Model number 

(2) Description

WRG-10 Cl 

Nominal l? liter polyethylene bottle con
tained in a 5-inch stainless steel pressure 
vessel, supported by tubular steel struc
ture, insulated with vermiculite, epclosed 
in double-high 55-gallon drums,.constructed 
in accordance with NFS Drawings CAPE-1170
15, CAPE-1170-35 through CAPE-1170-37.  

Altemate details of construction approved: 

(i) The specification for the material 
used in the stainless steel pres
sure vessel (Drawing CAPE-1170-36) 
may be changed from "Type 304" to 
"Type 304L". When the material is 
"Type 304L", the heat treatment 
specification may be deleted.  

COPY



LICENSEE: W. R. Grace & Co.

LICENSE NO:. SNK-840 

4. (a) (2) Description (Cont'd.)

(b) Contents

(1) Type and form of 
material

* .(2) Maximum quantity of 

material per package 

(c) Fissile Class 

(1) Minimum transport index 
to be shown on label 
for Class II 

(2) Maximum number of 
packages per shipment 
for CLass III

FEB 1 6 1973
PAGE NO: 2

AMEND••T NO: 71-1 

(ii) Welds in stainless steel chamber 
may be dye penetrant checked where 
it is not feasible to X-ray.  

(iii) The vented polyethylene cap shown 
on Drawing CAPE-1170-37 is author
ized for use.  

(iv) The polyethylene bottle shipping 
container as shown in Nuclear Fuel 
Services, Inc., Drawing 5B-U-740 is 
authorized for use.  

(v) The specification for the steel in 
the NFS-1OLI supporting structure 
shown in Drawing CAPE-1170-35 may 
be changed from "steel" to "Grade 
MT 1015 steel seamless tubular" for 
the tubular structure.  

(vi) Steelparts welded to the tubular 
structure may be specified as "SAE 
No. 1010, 1012 or 1015 steel" to be 
compatible with the tubular steel.  

(vii) The annealing requirement on Draw
ing CAPE-1170-35 may be deleted.  

Uranyl chloride solutions having a concen
tration of U-235 not exceeding 350 grams 
per liter and an H/U-235' atomic "atYob not 
less than 80.  

10.5 liters of solution.  

II and III 

135 

68 

coPY



PAGE No: 3
LICENSEE: W. R. Grace & Co.

LICENSE NO: SNK-840 AMENDMNT NO: 71-1 

5. A restraining device shall be placed between the cap assembly of the polyethy
lene bottle and the closure flange of the pressure vessel to assure that the 
polyethylene bottle will vibrate at the same frequency as the pressure vessel 
during transport.  

6. In addition to the requ1rements of Subpart D of 10 CFR 71; 

a. A hydrostatic test shall be performed on each pressure vessel once each 
year at 300 psig. Any chamber that fails to pass the test will be with
drawn from service and repaired to meet the test.  

b. The tubular structure of each. birdcqge shall be inspected once each year 
for cracking and weld failure. Any failure shall be examined to determine 
the cause and shall be repaired prior to additional use.  

c. Prior to use, each polyethylene bottle of the type shown in NFS*Drawing 
5B-U-740 and loaded after the effective date of this amendment shall pass 
a hydrostatic test at 25 paig without leakage.  

d. Prior to use, each "Duo Vent" cap assembly shall pass a test whereby the 
valve will vent at not less than 3 psig or more than 5 psig.  

7. Closure seal used for both the pressure vessel and the polyethylene bottle cap 
closure shall be a fluorelastomer (Viton-A) material.  

8. The use of these containers shall be dedicated to the material contents identi
fied above. The container shall not be re-designated and used for tfe shipment 
of other material contents.  

REFERENCES 

Licensee's application dated December 21, 1972 as amended February 1, 1973, request
ing approval to deliver special nuclear material to a carrier for transport in the 
WRG-10 Cl container.  

Previous submittals by Nuclear Fuel Services, Inc., West Valley, New York (Docket 
No. 70-959) dated August 27, 1965; January 27, February 23, July-12, September 26, 
and December 7, 1966; June 15 and December 12, 1967; August 12, 1969; and.  
October 28, 1971.  

FCR THE ATCMIC ENERGY CCOMISSION 

O riginal Signed by 
1973 Charles E. MacDonald 

Date of Amendment 
Charles E. MacDonald 
Directorate of Licensing 

• .• ... • = . A
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" EGUL&TORY OPur•IONs 

SW.R. GRACE& co.  

RESEARCH DiVISlON 

Washington Research Center, Clarksville. Maryland 21029 

February 1, 1973 

Mr. C. E. McDonald 
Chief, Transportation Branch [j ^" 
Directorate of Licensing ,.%• -.  
USAEC 
Washington, D. C. 20545 ,i-, 

Dear Mr. McDonald: 

Re: Docket No. 70-456 

In response to your questions relative to our December 21, 
1972 request for permission to use the SP-5061 packaging for 
-solutions containing chloride, we agree to limit the use of the 
packages to the solutions described and not to release the pack
ages for use by others for use with different solutions. The 
package will be designated as the WRG-10 Cl packaging and each 
package will be so marked.  

We propose to use the Viton-Fluorelastomer or equivalent 
gasket in the polyethylene cap closure. This material is rec
ommended by the manufacturer, the DuPont Company, for use at 
230 F or less in 20% hydrochloric acid. The solutions to be 
shipped are much less corrosive than 20% HCl, and are therefore 
compatible with the gaskets to be used.  

We trust that this answers your questions satisfactorily 
and that you will forward your approval promptly.  

Sincerely, 

G. E. Ashby 
Vice President 
Nuclear 

GEA: srh 

cc: Office of Hazardous Materials - DOT 877

Tel. (301' 531 - 5711 TNX - 710 862 |gRRr•ahi! p - c, rsp rad



w.R. GRAOE _& co.  

RESEARCH DIVISION 

Washington Research Center, Clarksville. Maryland 21029 

December 21, 1972 

Mr. R. B. Chitwood 
Chief, Fuel Fabrication and ..  

Reprocessing Branch 
Directorate of Licensing 
USAEC 
Washington, D. C. ,4L 

Dear Mr. Chitwood: 

Re: Docket No. 70-456 

W. R. Grace & Co. requests that its License SIN-840 as 
amended be further amended to permit the use of NTFS-10 LI 
type package (DOT Special Permit No. 5061 as revised) for 
the shipment of chloride and nitrate solutions of uranium.  
These solutions shall not exceed 350 grams U-235 per liter 
and they shall be contained in the polyethylene inner bottle, 
all as specified in SP-5061.  

The SP-5061 packaging has not been previously used for 
shipping concentrated solutions containing uranium chloride 
ion. The solutions to be transported herein are obtained 
by concentration in a still. Three potential materials of 
construction for the pressure vessel were tested by exposing 
samples of these materials to solution from the still at the 
maximum temperatures to which they could be expected to be 
exposed under normal transport conditions (130'F) and under 
accident conditions (200°F, the maximum solution temperature 
expected after the package has been exposed to 1475°F radiant 
heat for 30 minutes).  

COPY SENT REGION0

Tel. (301) 531 - 5711Cable - Gracerad TWX - 710 862 18C



Mr. R. B. Chitwood

The data are presented in the following table: 

Surface Time at Weight Corrosion 
Area Temperature Temperature Loss rate 

Material cm2  OF hrs grams mil/year 

304 SS 79.68 130 78 0.0023 0.136 
316 SS 102.89 130 78 0.0039 0.177 

iron pipe 50.53 130 78 8.8987 998 

304 SS 82.62 200 4 0.0076 10.16 
316 SS 102.9 200 4 0.0201 21.6 

From the table it is apparent that a pressure vessel con
structed of either 304 or 316 stainless steel is suitable for 
continuous service with this solution at a temperature of 130'F 
whereas it will be exposed to the solution only in the event of 
failure of the inner polyethylene bottle. The corrosion rate 

is a fraction of a mil per year. It is also apparent that a 

vessel constructed of either 304 or 316 SS would retain its 

integrity from contact with this solution in the event of 

accident involving a standard fire.  

An inspection, testing, and loading procedure regarding 

the use of this package will be developed, approved, and placed 

into effect in the manner provided in the license for all oper
ating procedures.  

Your prompt consideration and approval of this amendment 
is earnestly requested.  

We are simultaneously sending a copy of this request to 

the Department of Transportation Office of Hazardous Materials 

requesting that SP-5061 be revised to permit the use of this 

packaging as proposed herein.  

Very truly yours, 

Go. Ashby 
Vice President 
Nuclear 

GEA:srh 
Attachment

-2 - December 21, 1972
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Pursuant to 46 CFR 146.02-25 of the U.S. Coast"Guard (USCG) Dangerous 
Cargo Regulations and 49 CFR 170.15 of the Department of Transportation 
(DOT) Hazardous Materials Regulations, as amended, Special Permit No.  
5061 is hereby amended as follows: 

1. Paragraph (la) is amen'ded to read as follows: 

tra. V * * 

a. For contents as limited by paragraph 5(a) - USAEC 
license S.IN-984 (71-11), dated November11, 1969, or 
USAEC license SIM-1138 (71-1), dated May 26, 1969, as 
amended April 15 and May 7, 1971; or USAEC, Richland 
Operations Office approval dated October 18, 1966." 

2.. In paragraph (3), the last two sentences are changed to read, 

"This versioh of the package is identified as the Model 
ASDA-10LI. The provisions of paragraph (4), except for 
the exemption from the provisions of §173.268 of the 
Department of Transportation Regulations, do not apply 
to this version." 

3. ' In paragraph (4), line 3, "30 days" is changed to read "90 
days." 

All other terms of this permit, as revised, remain unchanged. The 
complete permit currently in effect consists of the Thirteenth 
and Fourteenth Revisions.

I. IS I .

i ,.;.�*

DEPARTMENT OF TRANSPORTATION 
HAZARDOUS MATERIALS REGULATIONS BOARD 

W WASHINGTON. D.C. 20500 

"SPECIAL PERMIT NO. 5061 
FOURTEENTH REVISION

ii 

I

hi 

I.  

I'
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I;tIwing, Capt.  1'e Commandant 
Coast Guard

WU.R. Fiste 
For the Administrator 

* .Federal Highway Admiinistration 

-Mac E. Rogers 
For the Administrator 
Federal Railroad Administration 

Ellis C. Langford 
For the Administrator 

• Federal Aviation Administration

Address all 
Board, U.S.  
Attention:

8 DEC 1971 
(DATE) 

DEC 1 5 1W71 
(DATE) 

(DATE)

inquiries to: Secretary, Hazardous Materials Regulations 
Department of Transportation, Washington, D.C. 20590.  
Special Permits.

Dist: a, b, c, d, e, h, i 
Nuclear Fuel Services, Incorporated, West Valley, New York 
The Dow Chemical Company, Golden, Colorado 
Idaho Nuclear Corporation, Idaho Falls, Idaho 
Kerr-McGee Corporation, Oklahoma City, Oklahoma 
Nuclear Materials & Equipment Corporation, Apollo, Pennsylvania 
U.S. Atomic Energy Commission, Richland, Washington 
North American Rockwell Corporation, Canoga Park, California 
N.Y. State Atomic & Space Development Authority, New York, New York 
Consolidated Edison Co. of New York, Incorporated, New York, New York 
Argonne National Laboratory, Argonne*,Illinois 
Edlow International, Washington, D.C.

Continuation of 14th Rev. SP 5061 

Issued at Washington, D.C.:

9

Page 2

(DATE)

r. -. -



*tDEPARTMENT OF TRANSPORTATION .  
1' 4/HAZARDOUS MATE131ALS RE.GULATIONS BOARD 1 C ... WASHINGTON, D.C. 20590 

SPECIAL PMF1,IT NO. 5061 
FIFTEENTJI R•VISION 

Pursuant to 46 CFR 146.02-25 of the U, S; Coast Guard (USCG) Dangerous C 
Regulations and 49 CFR 170.15 of the Department of Transportation (DOT) 
UHazardous Materials Regulations, as amended, and on the basis of the 
May 24, 1972 petition by Aerojet Nuclear Company, Idaho Falls, Idaho.  

Special Permit No. 5061 is hereby amended as follows: 

.. Paragraphs l(d) and 5(d) are added to read: 

"1(d). For the contents as limited by paragraph 5(d) - Idaho 
Operations Office approval dated May 19, 1972.  

"5(:d) Uranyl nitrate, plutonium nitrate, or neptunium nitrate, or 
Sany mixture thereof limited to not more than 10.5 liters, wherein 

the total concentration of uranium, plutonium, and neptunium does 
not exceed 250 grams per liter." 

2. Paragraph 6 is changed by the addition of a fourth listing for 
Fissile Class II transport index assignment, as follows: 

"Paaagraph 5d contents - 1.5." 

All other terms of this permit; as revised, remain unchanged. The compl 
permit currently in .effect consists of the Thirteenth, Fourteenth, and 
Fifteenth Revisions.  

Issued at Washington, D. C.: 

:11

t
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I..

.... 1.6 JUN 97.2 
'(DATE')

W. R. Fiste 
For the Administrator 
Federal Highway Administration

Mac E. Rogers "
For the Administrator 
Federal Railroad Administration 

Ellis C. Langford ' 

For the Administrator 
Federal Aviation Administration

(DAME) 

•' (DATE)

() (DATE)

RFor -,Ue Commanaant 
U. Coast Guard

Address all inquiries to: Secretary, Hazardous Materials Regulations Bo, 

U. S. Department of Transportation, Washington, D. C. 20590 

Attention: Special Permits.  

Dist: a, b, c, d, e, h, i 

Nuclear Fuel Services, Incorporated, West Valley, New York 

The Dow Chemical Company, Golden, Colorado 

Idaho Nuclear Corporation, Idaho Falls, Idaho 

Kerr-McGee Corporation, Oklahoma City, Oklahoma 

Nuclear Materials & Equipment Corporation, Apollo, Pennsylvania 

U. S. Atomic Energy Commission, Richland, Washington 

North American Rockwell Corporation, Canoga Park, California 

"N. Y. State Atomic & Space Development Authority, New York, New York 

Consolidated Edison Co. of New York, Incorporated, New York, New York 

Argonne National Laboratory, Argonne, Illinois 

Edlow International, Washington, D.C.

j
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DEPARTMENT OF TRANSPORTATION 'I HAZARDOUS MATERIALS REGULATIONS BOARD SI ,WASHINGTON. D.C. 20590 

All 
SPECIAL PERIMIT NO. 5061 Ii THIRTEENTH REVISION 

(COMPLETE) 

H This special pernit is reissued pursuant to 46 CFR 146.02-25 of the U.S.  . Coast Guard (USCG) Dangerous Cargo Regulations and 49 CFR 170.15 of the Department of.Transportation (DOT) Hazardous Materials Regulations, as amended, and on the basis of the March 22, 1971, petition by Nuclear 
Fuel Services, Inc., West Valley, New York; and the previous petitions on file with this Board.  

1. Shipments of large quantities of fissile radioactive materials, 
n.o.s., are hereby authorized in the packaging as described in this U! special permit. This packaging, when constructed and assembled as prescribed herein,- with the contents as authorized herein meets the 'I •.standards prescribed in the DOT regulations, Sections 17 3 .395(c)(2), 
1 73 .396(c)(3) and 17 3 . 3 98(c). Shipments must be in accordance with : - the provisions of either of the following USAEC approvals, or equivalent U -approvals thereto: 

a. For dontents as limited by paragraph 5a--USAEC license SIZI-984 (71-10) dated September 22, 1969, or USAEC license SNM-II38, ... " (71-1) dated Ijay 26, 1969; or USAEC, Richland Operations Office 
approval dated October 18, 1966.  

b. For contents as limited by paragraph 5b--USAEC, Richland " - Operations Office'approval dated March 7, 1967.  

Sic. For contents as limited by paragraph 5c--USAEC, San Francisco Operations Office approval dated June 8, 1969.  

.2. Each shipper, under this permit, other than the petitioner named above, and the other petitioners previously identified by this Board, shall register his identity with this Board prior to his first ship
. ment, and shall have a copy of this permit in his possession before making any shipment.  

ji 3. The packaging authorized by this permit consists of a nominal 
12-liter polyethylene bottle, contained in a 5-inch inside diameter stainless steel pressure vessel, with flanged, bolted closure. The pressure vessel is centered and supported by a welded tubular steel Hi structure, insulated with vermiculite, within an overpack of welded Sdouble-high, 55 gallon drums which are equivalent to DOT Specification 6J or 17H. The outer container closure shall conform to §178.103-5.  The package is identified as the Dow L-1O or NFS-10 LI Type. The 

NFS-10 LI package is described on NFS Drawings No. CAPE-1170-15, 35, 36, and 37. As an alternate gasket material for the pressure vessel closure,
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a flat gasket of fluorelast6mer (Viton "Al) as described in Atlantic 
Richfield Hanford Company's drawlng number SK-2-21001, may be used in lieu of the gas-filled stainless-steel "Off ring gasket. As an alternate, the product containers may be a stainless steel capsule, as prescribed in paragraph 5a, 3, and 7 of USAEC license SNM-1138 (71-1). This version of the package is identified as the Model ASDM-10 LI. The provisions of paragraph 04) do not apply to this version.  
4. For shipment of nitrate solutions, no polyethylene bottle may be used which has also been used as a storage vessel for nitrate solutions for more than 30 days. Any internal pressure within the polyethylene bottle must have been relieved within 48 hours prior to shipment. An "O"-ring seal (Viton-Fluorelastoiner, or approved equivalent) must be used as part of the cap closure. The cap must be subjected to at least 15 foot-pounds of torque during closure. Venting is authorized, Bottles must conform to the requirements of DOT Specification 34, except for §§178.19-2(b), 178.19-6, and 17 8 .19-7(c)(2). The package is not authorized for nitrate solutions exceeding 6 molar. The package is exempted from the provisions of §173.268 of the DOT regulations.  

5. The contents of each package authorized by this permit consist of fissile radioactive material, including large quantities, as either of : the following: 

a. Uranyl nitrate or plutonium nitrate solutions, limited to not more than 10.5 liters of either of the following: 

1. Uranyl nitrate solutions having a concentration of Uranium-235 not el.,ceeding 350 grams per liter and an H/U-235 
atomic ratio not less than 80, provided that the combined U-233 and plutonium content is not more than 1% of the U-235 
content; or 
2. Uranyl nitrate solution having a combined concentration of Uranium-233 and Uranium-235 not exceeding 250 grams Der liter and a hyd'o-en/fissile material atomic ratio not less than 80, provided (1) that the U-233 content is not greater than 20 per cent of the combined U-233 and U-235 content:and (2) that 

. the plutonium content is not more than one per cent of the * combined U-233 and U-235 content; or 

3. Plutonium nitrate solutions having a concentration not exceeding 250 grams of Pu-239 per liter.  

b. Not more than 4.5 Kilograms of dry plutonium-uranium compounds and mixtures.  

c. Not more than 450 grams of Uranium-235 in the form of 93.137% U-235 enriched uranyl sulfate solution (U02 S0 4 ).



Continuation of 13th Pro e,•c
Continuatio ............ Page 3 

6. The 'packaging authorized by this permit meets the requirements for shipment as Fissile Class II with the transport indices as follows to be assigned to each package (unless, however, external radiation levels dictate a higher assignment): 

....... Paragraph 5a contents - 1.5 
Paragraph 5b contents - 0.5 
Paragraph 5c contents - 1.5.  

7. The packaging authorized bj this permit with the contents as limited by paragraph 5(a) meets the requirements for shipment as Fissile Class III :with not more than 68 packages per transport vehicle or stowage area.  Shipments by cargo-only aircraft must conform to §173.396(g)(1).  

8. The authorized package described herein is hereby certified as meeting the specific requirements of the International Atomic Energy Agency's (IAEA) "Regulations for the Safe Transport of Radioactive Material," Safety Series No. 6, 1967 edition, as follows: 

* a. Marginal C-6.2.3 - The package design meets the requirements for Type B packaging for large quantity (source) radioactive 
materials.  

b. Marginal C-6.2.4 - The package design meets the requirements 
for Fissile Ciass II and III shipments.  

c. Marginal C-2.4.3 - The packaging design is based on the ambient 
conditions.  

d. Marginal C-6.5 - No special transport controls are necessary during carriage and no special arrangements have been prescribed, 
except as specified herein.  

9. The outside of each package must be plainly and durable marked "USA DOT SP 5061" and "TYPE B", in connection with and in addition to the other markings and labels prescribed by the DOT regulations. Each shipping paper issued in connection with shipments made under this permit must bear the notation"DOT SPECIAL PEr3mIT NO. 5061", in connection with the commodity description thereon.  

10. Each package must have its gross weight plainly and durably marked on the outside of the package.  

11. This permit authorizes shipments only by vessel, cargo-only air
craft, motor vehicle and rail.  

12. For shipments by water or air, a copy of this permit, kept current, must be carried aboard any vessel or aircraft transporting radioactive 
material under these terms.

.t, t"

J
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13. For shipments by water: 

The shipper or agent shalli notify the USCG Captain of the Port in the port area through which the shipment is to be made, of the name of the vessel on which the shipment is to be made, and -of the time, date, and place of loading or unloading. When the initial notification is given in a port area, it must be accompanied by a copy of this permit, addressed to the attention 
of that Captain of the Port.  

14. Prior to each shipment authorized by this permit, the shipper shall-notify the consignee and, for export shipments, the competent authority of any country into or through which the package will pass, of the dates of shipment and expected arrival.

15. Any incident involving loss of contents of the package must be reported to this Board at the earliest feasible moment.

I

16. The permit does not relieve the shipper or carrier from compliance with any requirement of either the DOT regulations, including 46 CFR Parts 146 to 149 of the USCG regulations, except as specifically provided for herein, or the regulations of any foreign government into 
or through which the package will be carried.  

17. This permit expires on June 30, 1973.

"- Issued at Washington, D.C.: 

* R.C. G chwing, Capt.  
* For .th• Commandant.  

"U.S.\Cbast Guard
V. * -. 

V. ***�

-V W.R. Fiste 
For the Administrator 
Federal Highway-Administration

1'
Mac E. Roger s 
For the AdministratorII 
Federal Railroad Administration

S. Schneider 
For the Administrator 
Federal Aviation Administration

(DA•) 

14 PA.'.Y 1971 
(DATE) 

MAY 18 1V7! 
(DATE) 

85 •AY 1971 
(DATE)

I-.



L:FFR:JCD 
70-456

W. R. Grace & Co.  
ATTN: Mr. G. E' Ashby 

Vice President, Nuclear 
Washington Research Center 
Clarksville, Maryland 21029

Gentlemen: 

Your application dated December 11,, 1972, requested that 
pages 23.and 23A of the enclosure thereto, be withheld 
from public inspection pursuant to 10 CFR 2.790(b).

After reviewing this information, we have determined* that 
disclosure of the information contained.therein is not 
required in the public interest nor by the provision of 
10 CFR 9 and would adversely affect the interest of 
W. R. Grace and Company. Accordingly, we are withholding.  
from public inspection the information contained in .the 
above referenced pages pursuant to 10 CPR 2.790(b). , 
Withholding of this information from public inspection shall 
not, however, affect the rights, if any, of persons
properly and directly concerned to inspect these documents.  

Sincerely, 

Original Signed by 
S. H. Smiley 

S. H. Smiley, Deputy Director 
'for Fuels and Materials 

Directorate of Licensing

JTEM# .t �L *'

OFFIC IP ... L -FFR ...... ..L 'FF _R . .. OGC ...... L :-FC .... L : FM _ _ -- -- -- - - - - 4 - .- - -- - - -4- - - - - - - - - - - - - -

JCDelaney/ RBChitwood DANussbaumLr L:FM 
SURNAMEo ---------------- -c . -_ .----------- --------- -

DATE 0. ....... /73 i / -73 l/ /73 1 /73 )1/ /73 
*.JTIU~~~ -llt~ I- -f.V ----- ------------ -44 --.---VR M N PITN OTC E7 -~

LJ.Lb LL.L UUL±LUlZ I 
blc• .Document' Room 

• 3.cket File 
, Branch R/F 

L:FM ReadIngFile 
L R/F.  
,W6; HQ, (2) 
JCDelhney, L:FFR 
RBChitwood, L:FFR' ,, 

DANuspbaumer, L:FC 
"**SHSmiley, L:FM

t

O

7L15[• (r~t.-•l •1, .1-.-,o t .ruI .( 0.q4J
* U. 5•GovrRNMENT PR1WT#J OFFI1CE 1972--4656-983



In reply refer to: 
RO:RPB 

MAR 7 1973 

W. R. Grace & Company 
Washington Research Center 
ATTN: Mr. G. R. Ashby 

Vice President 
iNuclear 

Clark•ville, Maryland 21029 

Gentlemen: 

This will acknoavledge your letter dated February 13, 1973, with 
the attached Final Report on the October 1972 exposure of 
several employees to radioactive material. We have no further 
questions at this time.  

Very truly yours, 
Original signed by 

F. E. Kruesi 

F. E. Kruesi, Director 
of Regulatory Operations 

bcc: PDR 
NSIC 
L:AEB 
L:BMB 
C. F. Eason, AWCRR, AGMES 
License Files 
Incident Files 
DR Central Files 
R0:I 

DR Reading Files ITEM # , 

OFF[CE~ 0 .-------- ------ R0 ---- R- ----- R----- ------ -----O------------- ---------

SURNAME 0 GHBidinger:ef GWRoy -- - RHEngelken FEKruesi 
[X-7347 -------------- ----------- z -----PATE•_ .31513 ---- -------------.-------------------------

For ..................................................................



1*N-3 

W. R. Grace and Company, Grace/Nuclear Division Docket No. 70-456 Attention: Mr. G. E. Ashby 
Vice President, Manager 

Washington Research Center 
Clarksville, Maryland 21029 

Reference: Your letters of February 8, 28, 1973 In response to our letter of January 18, 1973 

Gentlemen: 

Thank you for your letters informing us of the action you have taken to correct the Violations of AEC requirements and the items that were oto in accordance with app-rte safety practices, which we brought to your attention following our recent Inspection of your licensed program. Your corrective action will be verified during our next inspection of your program.  

In accordance with Section 2.790 of the AEC's ',Rules of Practice," * Part 2, Title 10, Code of Federal Regulations, a copy of this letter and the enclosed inspection report will be placed in the AEC's Public Document Room. If this report contains any information that you (or your contractors) believe to be proprietary, it is necessary that you 
such :af2 days ;to ,,thl. office to withhold - -.  

such information from public disclosure. An suhapiato-ut 
include a full statement of the reasons on the basis of which it is claimed that the information is proprietary, and should be prepared so that proprietary information identified in the application is contained in a separate part of the document. If we do not hear from you in this regard within the specified period, the report will be placed in the Public Document Room.  

,.- Your cooperation with us is appreciated.  

Sincerely, 

James P. O'Reilly 

Director Enclosure: 

SRO Inspection Report No. 70-456/72-02 

* OFFICE~ CRESS 
------------------------ --

Crocker:pc Carlson O'Reilly SURNAMEI1- --- ---------- --------- -- ----- Z- ----------------------------------------
D r 3/12/73 

- - - - - - - -
DATE ---- ----------- --- 

---- ---- - -----.---- - - - -

Form AEC-318 (Rev. 9-53) AECM 0240
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bcc: RO Chief, Materials & Fuel Facilities Branch (2) 
RO:HQ (4) 
L:D/D for Fuels & Materials 
DR Central Files 
PDR 
NSIC 
State of Maryland



W.R. GRACE & co.  

RESEARCH DIVISION 

Washington Research Center, Clarksville, Maryland 21029 

February 8, 1973 

Mr. James P. O'Reilly 
Director 
U. S. Atomic Energy Commission 
Directorate of Regulatory Operations 
Region 1 
970 Broad Street 
Newark, New Jersey 07102 

Dear Mr. O'Reilly: 

The attachment is our reply to your letter of 
January 18, 1973, in which you list the violations 
found by Mr. Cooley's inspection on November 29-30 
and December 1, 1972, of activities authorized by 
AEC License No. SNM 840.  

Should you have questions concerning this reply, 
we will be pleased to discuss them with you.  

Sincerely, 

GE. Ashby 
Vice President 
Nuclear 

GEA: srh 
Attachment

Tel. (301) 531 - 5711Cable - Gracerad TWX - 710 862 1886



Explanation in Reply to Violations Reported from 

the November 29-30, and December 1, 1972, Inspection 

of Activities Authorized by AEC License No. SNM-840

Violation 1 - License Condition 8B incorporates Section 6.9 
dated August 9, 1972, of your license applica
tion which requires that the Nuclear Safety 
Committee will stand ready to aid in the solu
tion or correction of incidents and emergencies 
involving special nuclear material.

Contrary to that requirement, the high airborne 
concentration incident reported to the AEC by 
your letter dated November 7, 1972, had not 
been investigated, evaluated, or documented 
by your Nuclear Safety Committee acting as a 
body.  

The incident referred to has been investigated and 
evaluated by the Nuclear Safety Committee acting as a body.  
Hereafter, each incident or other emergency will be referred 
to the committee without delay.

Violation 2 - License Condition 8B incorporates Section 6.10 
dated August 9, 1972, of your license applica
tion which requires that all operations at the 
site involving special nuclear material be 
performed only in accordance with written pro
cedures which have been reviewed and approved.  

Contrary to that requirement, approved written 
procedures and instructions were not prepared 
for the liquid waste dilution operation use*d 
in preparing fissile solution for shipment.  

Moreover, contrary to the requirement of adherence 
to your procedures: 

a. at the time of the inspection, quantities 
of fissile material ranging from 40 to 60 
grams uranium 235 were stored on a floor 

2/8/73 
GEA



of the incoming materials storage cage, 
and not in racks as required by your 
Standard Operation Procedure No. 1 and 

b. a fissile solution was stored in the 
incoming material storage cage contrary 
to your Standard Operating Procedure 
No. 1.  

The personnel responsible for the dilution operation 
have been reinstructed with emphasis that operations can 
only be performed in accordance with written procedures 
that have been approved by the Nuclear Safety Committee.  

All solutions have been removed and are not permitted 
in the incoming materials storage cage. All solid materials 
in the incoming materials storage cage have been stored in 
racks or birdcages in compliance with AEC License No. SNM
840.  

Violation 3-- License Condition 8B incorporates Sections 6.10 
and 6.11 dated August 9, 1972, of your license 
application which requires detailed, specific 
procedures involving safety.  

Contrary to that requirement, standard operating.  
procedures, operating manuals, or specific 
instructions had not been prepared in the areas 
of criticality and radiation safety.  

All operating personnel are required to comply with 
written standard operating procedures which have been 
reviewed and approved by the Nuclear Safety Committee.  
This review considered the areas of criticality and 
radiation safety. New or special situations which may 
develop and if not covered by existing standard operating 
procedures are considered on an item by item basis by our 
consultant, Mr. Reese, in the criticality area or by our 
Radiation Protection Officer, Dr. Herbst, and new standard 
operating procedures are written and approved by the Nuclear 
Safety Committee for those cases. Operating personnel are 
not permitted to make decisions based upon guidelines or 

2/8/73 
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manuals, but only are allowed to follow approved standard 
operating procedures dealing with the specific operation 
or situation.  

Violation 4 - License Condition 8B incorporates Section 11.1 
dated August 9, 1972, of your license applica
tion which requires that fissile solutions will 
be concentrated in the boil down system and 
packaged directly from that system into DOT 
special permit packages.  

Contrary to that requirement, at the time of 
the inspection fissile solution were being 
transferred from the boil down unit to the 
non-specification containers which were 
arranged in an array on the floor of the 
fabrication laboratory.  

The AEC License No. SNM-840 has been amended so that 
fissile solutions from the boildown unit can be transferred 
and stored in storage tanks 10-42A and 10-42B. Further 
the license has also been amended so that the fissile 
waste solutions may also be stored in the interim storage 
area on the laboratory floor in polyethylene bottles sup
ported inside 55 gallon drums.  

As there are no DOT special permit packages authorized 
for solutions of the type handled in our laboratory, we have 
applied to DOT and the AEC for authorization to up a shipping 
container specifically specified for our type of solution.  
We have not received such authorizations to date and 
accordingly all waste fissile solutions are being stored 
in either tanks 10-42A and 10-42B or in the interim storage 
area. Operations that generate waste solutions have been 
terminated in the plant pending approval of the shipping 
containers by DOT and the AEC.  

Violation 5 - 10 CFR 70-41(a) "Authorized use of special nuclear 
material," requires that possession and use of 
special nuclear materials be limited to the locations 

2/8/73 
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and purposes authorized in this license.  

Contrary to this requirement, at the time of 
the inspection both concentrated and dilute 
fissile solutions, in a common array of both 
DOT specification and internally-designed 
containers were stored on the floor of the 
fabrication laboratory, without authorization 
under AEC License No. SNM-840.  

AEC License SNM-840 has been amended to permit storage 
in tanks 10-42A and 10-42B and in an internally designed 
container in the interim storage area. Fissile solutions 
now are only stored in approved locations and for purposes 
authorized by AEC License No. SNM-840.  

2/8/73 
-4- GEA



W.R. GRACE & co.  

RESEARCH DIVISION 

Washington Research Center, Clarksville, Maryland 21029 

February 28, 1973 

Mr. James P. O'Reilly 
Director 
USAEC 
Directorate of Regulatory Operations 
Region 1 
970 Broad Street 
Newark, New Jersey 07102 

Dear Mr. O'Reilly: 

This is an additional response to your letters 
of January 16 and 18, 1973. You will find attached 
to this letter responses to the safety items brought 
to our attention from Mr. Epstein's inspection of 
December 12-14, 1972, and from Mr. Cooley's inspec
tion of November 29-30 and December 1, 1972.  

Should you have questions concerning these 
responses, we will be pleased to discuss them with 
you.  

Sincerely, 

G t. Ashby 
Vice President 
Nuclear 

GEA: srh 

Attachments

Tel. (301) 531 - 5711

• 4

Cable - Gracerad TWX - 710 862 1.886



1. Grace has established as a formal requirement that the 
Radiation Protection Officer be notified immediately 
when a non-standard operation is to be performed. If 
such an operation is not covered by an approved SOP or 
if containment is to be breached or might be breached 
in a manner not covered by an SOP, a temporary procedure 
will be written and approved by the Nuclear Safety Com
mittee before the operation will be started. In all 
cases of non-standard operations, the activity'will be 
monitored by radiation safety personnel.  

2. Our procedure is to present to the Nuclear Safety Com
mittee all instances of equipment deficiencies for 
analysis and all proposed equipment modifications for 
approval. If conditionally approved by the Committee-, 
the equipment modifications are made and preoperational 
tests are conducted. During the preoperational tests 
those parameters considered critical are measured or 
monitored to determine if the design parameters or the 
SOP's used meet the health and safety -requirements.  
Final approval by the Nuclear Safety Committee will be 
based upon the results from the preoperational tests.  

GEA 
2/28/73

Response to Safety Items Noted in 
Enclosure II of AEC Letter Dated 1/16/73 

Docket No. 70-456
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Response to Safety Items Noted in 
Enclosure No. 2 of AEC Letter Dated 1/18/73 

Docket No. 70-456 

L. All flammable materials have been removed from areas where 
fissile materials are stored.  

2. All storage racks have been firmly secured against displace
ment or in one case when this was not feasible the rack has 
been removed from the facility.  

3. The storage racks have been inspected to determine if posi
tive retention of fissile material is provided. In some 
cases, design changes of the storage racks were necessary.  
All storage racks now provide positive retention of fissile 
material.  

GEA 
2/28/73

DO
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MARP 13 1973

W. R. Grace and Company 
Attention: Mr. G. E. Ashby, 

Vice President 
Research Division 
Washington Research Center 
Clarksville, Maryland 21029 

References: Your letters dated 
In response to our

Docket No. 70-456 

February 7, 1973 and February 28, 1973 
letter dated January 16, 1973

Gentlemen: 

Thank you for your letters iorming us of the action you have taken to correct the violations of AEC requirements and the items that were not in accordance with appropriate safety practices which we brought to your attention following our inspection of your licensed program. Your corrective action will be verified during our next inspection of your program.  
In accordance with Section 2.790 of the AEC's "Rules of Practice," Part 2, Title 10, Code of Federal Regulations, a copy of this letter and the enclosed inspection report Will be placed in theAEC'. spublic DoeumentRoom.  ... hi . ;report ý,C"onta..fta:4.s s m. - -n"D.  

belt 'ii6 be proprieary, - it is Mationor yor-,inir& r beive to be proprietary, it is necessary that you make a written application within 20 days to this office to withhold such information from public disclosure. Any such application must include a full statement of the reasons on the basis of which it is claimed that the information is proprietary, and should be prepared so that proprietary information identified in the application is contained in a separate part of the document.  If we do not hear from you in this regard within the specified period, the report will be placed in the Public Document Room.  

Your cooperation with us is appreciated.  

Sincerely,

Enclosure: 
RO Inspection Report

James P. O'Reilly 

Director 

ITEM#& /

SURNAME b1 ._Epateifl-dW S 

DAW- ..- i3-12-73 < .  
Form AEC-318 (Rev. 9-53) AECM 0240
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bcc: RO Chief, Materials & Fuel Facilities Branch, (2) 
RO:HQ (4) 
L:D/D for Fuels & Materials 
DR Central Files 
.PDR 
NSIC 
State of Maryland

I
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W.R. GRACE & CO.
G �C E

RESEARCH DIVISION

Washington Research Center, Clarksville, Maryland 21029 

February 7, 1973 

Mr. James P. O'Reilly 
Director 
USAEC 
Directorate of Regulatory Operations.  
Region 1 
970 Broad Street 
Newark, New Jersey 07102 

Dear Mr. O'Reilly: 

The attachment is our reply to your letter of 
January 16, 1973, in which you list the violations 
found by Mr. Epstein's inspection on December 12-14, 
1973, of activities authorized by AEC License No.  
SNM 840.  

Should you have questions concerning this reply, 
we will be pleased to discuss them with you.  

Sincerely, 

E. Ashby 
Vice President 
Nuclear

GEA:srh 
Attachment

Tel. (301) 531 - 5711Cable - Gracerad TWX - 710 862 1886



Explanation in Reply to Violations 
Reported from the December 12-14, 1972, Inspection 
of Activities Authorized by-AEC License No. SNM-840 

Violation I - License Condition 8(B), License Application.  
dated April 8, 1970, page 36(A), paragraph 
8.6, requires decontamination of restricted 
areas when contamination levels exceed stated 
action guides.  

Contrary to this requirement, fixed contamina
tion in the vicinity of the dialysis and dis
solver unit constantly exceeded the action 
guide of 10,000 cpm alpha activity and had 
not been decontaminated.  

The fixed contamination in the vicinity of the dialysis 
and dissolver units has been decontaminated to below the 
action guide of 10,000 cpm alpha activity.  

The following corrective actions have also been taken: 

(1) Personnel have been reinstructed and 
procedural changes have been made to 
assure that if contamination levels 
exceed the action guide of 10,000 cpm 
alpha activity at any location, the 
location will be isolated immediately 
and decontaminated. Operating personnel 
will not be permitted to use the area 
until decontamination is completed and 
the area released by the Radiation Pro
tection Officer for use.  

(2) The Engineering Department will review 
each instance of contamination to deter
mine the probable cause and to determine 
if equipment or procedural changes are 
required to avoid contamination in the 
future.  

(3) For routine operations the Radiation 
Safety Services personnel will monitor 
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for contamination in frequent intervals.  
For infrequent operations or for any opera
tion where the potential for breaching of 
containment has been identified, operating 
personnel are now required to notify the 
Radiation Protection Officer in advance of 
the operation and in sufficient time so 
that appropriate monitoring will be in 
use during that specific operation.  

Violation 2 - License Condition 8(B), License Application 
dated April 8, 1970, page 10 and 11, paragraph 
6.15, requires that operating personnel take 
prompt action to correct any hazardous condi
tion or noncompliance noted by the Radiation 
Safety Officer.  

Contrary to this requirement, operating personnel 
did not correct the conditions causing the high 
contamination existing around process equipment, 
nor did they take any action to decontaminate 
these areas. They also did not correct the 
conditions noted in monthly audits made by the 
Nuclear Safety Committee.  

As indicated above, we have reinstructed our personnel 
and made'procedural changes to assure that if contamination 

_j levels exceed the action level of 10,000 cpm alpha activity 
* •:•at any location that location will be isolated immediately 

and decontaminated. No use of the equipment or the area 
around the equipment will be permitted until decontamination 
has been completed and the Radiation Protection Officer has 
released the area for use by operating personnel.  

With regard to the monthly audits of the Nuclear Safety 
Committee, an action plan will be implemented by the Engineering 
Department after each audit. This action plan will deal with 
each condition noted by the Committee on an item-by-item basis.  
The action plan will be in writing within two working days 
after the committee report is issued. Implementation of the 
action plan will begin as soon as possible and a written 
progress report will be submitted to the Nuclear Safety Com
mittee for review at the Committee's next monthly meeting.  

2/7/73 
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Violation 3 - 10 CFR 20.201(b), "Surveys," requires you to make 
such surveys as may be necessary for you to comply 
with all sections of Part 20.  

Contrary to this requirement, you failed to make 
"such surveys as were necessary to assure compli
ance with 10 CFR 20.103, "Exposure of individuals 
to concentrations of radioactive materials in 
restricted areas." 

a. Specifically, no surveys had been made to 
determine the concentrations in air to which 
employees were exposed when containment was 
broken approximately once each week of a 
dialysis unit or when containment was broken 
on the particle formation unit.  

b. Specifically, such surveys as were performed 
in other areas were inadequate in that the 
devices used collected air at waist level 
and not in the breathing zones of persons 
performing operations.  

c.. Specifically, the evaluation. of the exposure 
that eleven persons received as a result of 
a reported incident involving the release of 
radionuclides to a restricted area was inad
equate in that the results of air particulate 
surveys taken twenty to twenty-five feet away 
from the source of the release were included 
and averaged to give the final result. Also 
the samples of feces and urine were of too 
small a quantity and submitted too late to 
provide an analysis for an adequate evalua
tion.  

a. Since Mr. Epstein's inspection in December, surveys have 
been made of the potential employee exposures for those 
operations (1) when containment is broken at the dialysis 
unit and (2) when containment is broken at the particle 
formation unit. No hazard was found.  

b. The air sampling device we have used in the past has a 
telescopic attachment for adjusting the position of the 
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samples to variable breathing zone heights. To the 
best of our knowledge and belief these adjustments 
were made correctly whenever the devices were used 
and no samples were collected at waist level. We 
note that the units are stored in the "telescoped" 
position and might be observed in that configuration 
when in stand-by status. Our records were inadequate, 
however, as they did not reveal as a written record 
the height of the samples tube when airborne samples 
were collected. Accordingly, our procedures have 
been changed so that a written record isimade of 
all sample heights when airborne samples are taken.  

In addition, our air monitoring capability has been 
improved by adding personal air monitors to our equip
ment complement. These devices will be used to resurvey 
the operations previously surveyed using the telescopic 
sampling tube.  

c. The inadequacies of the evaluation of the reported 
incident have been considered in detail. As a result, 
radiation safety personnel have been issued written 
instructions describing the investigative and diagnostic 
actions to be taken when hazardous amounts of airborne 
contamination are suspected to-be present. These new 
procedures are believed to be more than adequate for 
evaluation of exposure, if such an exposure should be 
encountered in a future incident. These procedures 
assure proper air particulate surveys as well as proper 
feces and urine samples.  

As a general comment, we are now placing greater emphasis 
on airborne contamination and operating experience when 
making our surveys. In addition, we are requiring as 
part of all surveys a review by the Nuclear Safety Com
mittee with approval by the Committee contingent upon 
the Committee's decision that the survey meets the 
requirements of 10 CFR 20.  

Violation 4 - License Condition 8(B), License Application dated 
April 8, 1970, page 31, Table 7.23 describes the 
equipment to perform continuous air sampling.  
Page 36 also states that continuous air sampling 
is performed.  

2/7/73 
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Contrary to this requirement continuous air 
sampling of air in the production area had 
not been performed from March 15, 1972 to 
December 14, 1972.  

Continuous sampling of air in the restricted area of 
the Nuclear Facility was established on December 14, 1972.  
Samplers are situated to sample air in the vicinity of the breathing zone for personnel who are doing process opera
tions. Whenprocessing is not in.progress, these samplers are used to measure the activity in the ambient air of the 
Facility at breathing-zone level as specified in our SNM 
License.  

No activity in excess of the applicable MPCa has been detected since continuous sampling was begun on 14 December 
1972. The maximum concentration which we have measured 
occurred during a sintering operation and equaled 48% MPCa.  
The average of 61 determinations of air activity concentration (24 hour samples) made at various points in the restricted 
area of the Nuclear Facility since 14 December 1972 equaled 
5.3% MPCa.  

Violation 5- License Condition 8(B), License Application 
dated April 8, 1970, page 9, paragraph 6.10, 
requires that verbal or written instructions 
be issued to those persons not performing 
normal operations.  

Contrary to this requirement, two persons on 
October 6, 1972, broke containment on a gas 
fluidized bed reactor releasing contained 
materials to the immediate restricted area 
without verbal or written instructions having 
been provided.  

The SOP's used during processing instruct the operators 
to consult their supervisor if a problem is encountered. On October 6 the operators contacted the Facility Foreman by telephone prior to breaking containment and received verbal 
instructions from the Foreman. The Foreman did not understand that the verbal instructions which he had given might 
lead to airborne contamination.  

2/7/73 
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The equipment involved has now been redesigned so that 
breaking of containment is not possible when following the 
same instructions. Further, we have established a policy 
of avoiding verbal instructions wherever possible. The 
present SOP's are being revised to minimize the occasions 
where verbal instructions might be required. We have also 
instructed the operators to make a written note of all verbal 
instructions in the shift log book in order to retain a 
permanent record of verbal instructions.  

2/7/73 
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W.R. G RACE & co.  

RESEARCH DIVISION 

Washington Research Center, Clarksvilte, Maryland 21029 

February 28, 1973 

Mr. James P. O'Reilly.  
Director 
USAEC 
Directorate of Regulatory Operations 
Region 1 
970 Broad Street 
Newark, New Jersey 07102 

Dear Mr. O'Reilly: 

This is an additional response to your letters 
of January 16 and 18, 1973. -You will find attached 
to this letter responses to the safety items brought 
to our attention from Mr. Epstein's inspection of 
December 12-14, 1972, and from Mr. Cooley's inspec
tion of November 29-30 and December 1, 1972.  

Should you have questions concerning these 
responses, we will be pleased to discuss them with 
you.  

Sincerely, 

. Ashby 
Vice President 
Nuclear 

GEA• srh 
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Response to Safety Items Noted in 
Enclosure II of AEC Letter Dated 1/16/73 

Docket No. 70-456 

1. Grace has established as a formal requirement that the 
Radiation Protection Officer be notified immediately 
when a non-standard operation is to be performed. If 
such an operation is not covered by an approved SOP or 
if containment is to be breached or might be breached 
iii a manner not covered by an SOP, a temporary procedure 
will be written and approved by the Nuclear Safety Com
mittee before the operation will be started. In all 
cases of non-standard operations, the activity will be 
monitored by radiation safety personnel.  

2. Our procedure is to present to the Nuclear Safety Com
mittee all instances of equipment deficiencies for 
analysis and all proposed equipment modifications for 
approval. If conditionally approved by the Committee, 
the equipment modifications are made and preoperational 
tests are conducted. During the preoperational tests 
those parameters considered critical are measured or 
monitored to determine if the design parameters or the 
SOP's used meet the health and safety requirements.  
Final approval by the Nuclear Safety Committee will be 
based upon the results from the preoperational tests.

Y
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Response to Safety Items Noted in 
Enclosure No. 2 of-AEC Letter Dated 1/18/73 

Docket No. 70-456 

1. All flammable materials have been removed from areas where 
fissile materials are stored.  

2. All storage racks have been firmly secured against displace
ment or in one case when this was not feasible the rack has 
been removed from the facility.  

3. The storage racks have been inspected to determine if posi
tive retention of fissile. material is provided. In some 
cases, design changes of the storage racks were necessary.  
All storage racks now provide 'positive retention of fissile 
material.

6)
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To the Files

APRIL 16 CONFERENCE WITH ASHBY AND HERBST OF WL. R. GRACE AND CO.1PANY, CLARKSVILLE, M'IARYLAND - DOCKET 70-455 

This-meeting, proposed by 1.-.R. Grace and Company and scheduled by, FFRB. commenced a.t 10:00 a.rn. In Room 300 
of the Woodmont Building. In attendance were G. E. Ashby, Vice President, and R. J. Herbst, SS Representative, who represented W. R. Grace & Co., and J. C. Delaniy, R. J. Dube, and E. 3. Frederick, who represented FFRB. The subject of the meeting %;.as the termination of Specil Nucleart aterial License No.  
SNNI-840..  

Ashby summarized the current status of the Clarksville 
Operation as follows:

All fuel fabrication operdtions have been 
terminated, and the uranium removed from the system. There Is, at the presdnt time,* 
70 kg. U-235 in storage on the site. Of this 
quantity, 60 lcg. is In the form of scrap.  
Bids have been -'eceivedifrom-NFS,"',"E "nd 
United Nuclear for recovery of the SNUM; NFS 
appears to be the low bidder. Grace expects 
to have the scrap removed from the site by 
mid-, ay. The remaining 10 kg. will be shipped 
to KAPL at about the same time.  

The process equipment has measurable contamination 
on both the Internal and external surfaces.  

Grace is hopeful that they. can se-ll the process 
equipmenlt to .another licensee. United Nuclear, 
NFS, NUMEC, t'WestinghouseAst-ro Nuclear, and 
Electro-Nuclear have expressed an interest.  
United Nuclear appears to be the best prospect 
at this time. if a sale is consummated with 
t-edoi, the equipment will most likely be installed
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at their Woodriver Junction.Facility. If the equipment cannot be sold, it may be crated up and sent to a licensed burial ground for disposal.  It's likely that the fate of the process equipment won't be known until gometime in July or 
August.  

Grace was. instructed that in order to terminate their license they would have to meet the contamination limits set forth in 'Guidelines for Decontamination of. Facilities and Equipment "Prior to Release for Unrestricted Use or Termination of Licenses- for Byproduct, Source, or Special Nuclear Material" dated April 22, 1970. If contamination levels cannot be reduced to this level, the existing license can be amended, upon request, to cover only storage of SNM'1 material.  The quantity of material remaining on-site in the form of contamination will probably be low enough to permit licensing by the state.-, Ho;,ever,'It was recommended by us that a possession limit in excess of-350 gms.be requested in order that the license remains under Fuel Fabrication and Reprocessing "%...Branch control. Another option-.that-canbe considered In. - :-'"the event it becomes desirable to amendthe license after the SNM material is removed from the site but before the equipment removal and/or decontamination is complete, is to write an amendment to cover decontamination operations and storage of special nuclear. material. . , . . .:.

The existing license permits a possession limit of 25 gm. Pu.  Grace indicated that they have'received but one shipment of Pu; the shipping container was never opened and has since been removed from the site. Accordingly, they have conducted no work with Pu.  

"Grace has a source materials license for depleted uraniun. and thorium with the State of Maryland. They were instrijtted S" that in order to terminate that license they would have to satisfy the requirements of the State of Maryland.  
• The annual application fees were paid in November 1972. As a result, there is adequate time for Grace to pursue the • icourse of action they consider most beneficial.  

/6/ 
E. J. Frederick 
Fuel Fabrication and Reprocessing 

Branch 
L:FFR Director te of LicensinL S FFICE 3 -___ 
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In reply refer to: 
RO :IXPPB 
70-456

MAY 21 1973

W. R. Grace & Company 
Washington Research Center 
ATfTN: Dr. G. E. Ashby, Vice President 

Research Division 
Clarksville, Maryland 21029 

Gentlemen: 

This refers to the inspection conducted by Messrs. H. Bartz and 
E. Woltner from our Region I Office, Directorate of Regulatory 
Operations, on January 2-4, 1973, of the safeguards control pro
vided by your company over the special nuclear material possessed 
pursuant to AEC License Nos. SNM-840. This also refers to the 
discussion of our findings held by 1r. Bartz xwith Dr. R. J. Herbst 
of your staff at the conclusion of the inspection.  

During the inspection it was found that certain of your activities 
were not conducted in full compliance with the conditions of the 
safeguards amendment to your license and the physical protection 
requirements of the AEC's "Physical Protection of Special Nuclear 
Material," Part 73, Title 10, Code of Federal Regulations.  

The activities and reference to the pertinent requirements of 10 
CFR 73 are listed in the enclosure to this letter. Since the en
closure discusses security measures used for the physical protection 
of your facility, it is being withheld from public disclosure pur
suant to 10 CFR 2.790(d). The activities and references to Vle per
tinent conditions of the safeguards amendment to your license are as 
indicated below: 

1. License Condition No. 3.2 requires that you maintain a 
program of standardizations and calibrations of measure
ment equipriuant and analytical procedures in order to pro- / 
vide data to substantiate the limits of error associated with 
all measurements required for safeguards purposes.  

Contrary to the above, you failed to maintain a calibration 
program for the scales and balances used for safeguards mea
surements.

ITEM,# .



W. R. Grace and Company 2
MAY 2 1 1973

2. License Condition No. 3.5 requires that you promptly notify 
the AEC if the quantity of the material unaccounted for (•{JF) exceeds the associated limits of error. Also this same condition requires that you investigate the M1UF and submit a 
written report to the AEC within thirty (30) days after the initial notification specifying the probable reasons for the MUF and the corrective action taken or planned.  

Contrary to the above, you failed to submit a written report of the significant MUF determined as a result of the physical 
inventory taken on January 1, 1973.  

3. License Condition No. 7.3 requires that you Submit a monthly report of all intentional discards and material unaccounted 
for to the AEC within fifteen (15) days after the end of the 
month the discard was made or IMF determined.  

Contrary to the above, you failed to submit intentional dis
card and MUF reports as required.  

This notice is sent to you pursuant to the provisions of §2.201 of the AEC's "Rules of Practice," Part 2, Title 10, Code of Federal RPegulations. Section 2.201 requires you to submit to this office within twenty (20) days of this notice, a written statement or explanation in reply including: (1) corrective steps which have been taken by you, and the results achieved; (2) corrective steps which will be taken to avoid further violations; and (3) the date when full com
pliance will be achieved.  

Sincerely, 

Donald F. Knuth, Deputy Director 
for Field Operations 

Directorate of Regulatory Operations 

Enclosure: 
As Stated

bcc: M&PPB Reading, w/encl 
M&PPB File, w/encl 
DFKnuth, w/encl 
RO-I, w/encl 
SWGMartin, jRg-I, w/encl

SHSmiley, L, w/encl 
PDR, w/o encl 
Docket No. 70-456, w/encl 
ELM File, w/encl
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ENCLOSURE 

Materials and Plant Protection Findings 
W. R. Grace and Company 

(Docket No. 70-456) 

As a result of the inspection conducted on January 2-4, 1973, it 
was found that one of your activities was not conducted in full 
compliance with the physical protection requirements of the AEC's 
"Physical Protection of Special Nuclear Material," Part 73, Title 
10, Code of Federal Regulations, as indicated below: 

10 CFR 73.31(a), "Physical Protection of Special Nuclear Mate
rial in Transit," requires in part that all shipments of special 
nuclear material subject to 10 CFR'73 be transported in the con
tinuous personal custody of an authorized individual or under 
established procedures of a common or contract carrier which 
provides a system for the physical protection of valuable mate
rial in transit and requires an.exchange of hand-to-hand receipts 
at origin and destination and at all points en route where there 
is a transfer of custody. 10 CFR 73.31(b) requires that you 
notify the consignee of the time of departure of the shipment 
and confirm with the consignee the method of transportation and 
the estimated time of arrival of the shipment at its destination.  

Contrary to the above, shipments identified as ZXM-ZQM-l, 
ZXM-ZWT-3, and ZXM-ZWT-4 were not protected in transit as 
required.
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W.R. GiRACE & co.

RESEARCH DIVISION - - -�

WASHINGTON RESEARCH CENTER 
7379 ROUTE 32, COLUMBIA, MARYLAND 21044 

Telephone 301 - 531-5711

May 30, 1973

Director, Division of Materials 
Licensing 

U. S. Atomic Energy Commission 
Washington, D. C. 20545

Dear Sir: 

Re: Notification per 10 CFR 71.7 (b) (iii)

Please register 

W. R. Grace & Co.  
Washington Research Center 
7379 Route 32 
Columbia, Maryland 21044 

SNM License No. 840 

as a user of shipping container, Model No. UNC 1484, which is 
licensed [SNM 33 (71-25)] to be used for the delivery of licensed 
material to a carrier for transport by 

Gulf-United Nuclear Fuels Corp.  

P. 0. Box 107 

Hematite, Missouri 63047

Thank you.

%2t ý
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Ni-.EIAO ROUTE SLIP 
A:) l ',.AI(*-,') (1 R '%. ',.14y 14, 19 37) .'.*.--.-1 0240 H See me about this.  Note and return.

ii
For c , rence.  

For sihna•.u•re. H For action. ' For Information.

TO (Namu ani unit) INITIALS REMARKS 

RO INSPECTION REPORT NO. 70f-/.7567-O2 

H. D. Thornburg, DATE W. R. GRACE AND COMPANY 

Chief, FS&EB CLARKSVILLE, MARYIAiD 

TO (Name and unit) INITIALS REMARKS 
cc: RO:I1Q (4) The subject inspection report is forwarded 

L:D/D for Fuels 
& Materials DATE for your information. Distribution will 

DR Central Files 
Regional Directo s, be made by this office to the PDR, NSIC 

TO (Name and unit) INITIALS REMARKS 

RO:II, RO:III & RO:V and State representatives after review by 

the licensee for proprietary information.  

FROM (Name and unit) REMARKS 

1. W. Crocker, RO:I 
PHONE NO. DATE 

16/8/73
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GPO: 1971 0 - 445-469
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U. S. ATOMIC ENERGY CO1MISSION 

DIRECTORATE OF REGULATORY OPERATIONS 
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Accompanying Inspectors:

Date

Date

Other Accompanying Personnel: 

Reviewed by: _ -

R. T. Carlson, Chief 
Facility Operations Branch

Date

Docket No.: 70-456 

License No.: SNM-840 

Priority: 1 

"Category:_A(1)

I

g

Dat'e



SUNN1ARY OF FINDINGS 

Enforcement Action 

A. Violation - Failure of the Nuclear Safety Committee to perform 
inspection of the plant operations in March and April, 1973.  

Licensee Action on Previously Identified Enforcement Items 

A. Item No. 1 of the licensee's letter dated February 8, 1973, to 
Directorate of Regulatory Operations, RO:I, described corrective 
action relating to the requirement for the Nuclear Safety Committee 
investigation of incident. The inspector verified the licensee's 
action. (Details, Paragraph 5e) 

B. Item No. 2 of the licensee's February 8 letter describes corrective 
action taken concerning the performance of uranium solution dilution 
operations without approved written procedures and improper storage 
fissile materials. The inspector verified that the dilution 
operation was terminated and that the storage violations have been 
corrected. (Details, Paragraphs 5a and 5c) 

C. Item No. 3 of the licensee's February 8 letter describes the 
licensee's actions concerning specific criticality and radiological 
safety procedures. The inspector verified the corrective action.  
(Details, Paragraph 5f) 

D. Item No. 4 of the licensee's February 8 letter describes corrective 
action concerning transfer of fissile solutions from the boil down 
system. The inspector verified the licensee's corrective action.  
(Details, Paragraph 5c) 

E. Item No. 5 of the licensee's February 8 letter describes corrective 
action concerning storage of fissile solutions. The inspector 
verified the corrective action. (Details, Paragraph 5d) 

F. Item No. I of the licensee's letter dated February 7, 1973, to 
Directorate of Regulatory Operations, RO:I, described corrective 
action relating to abnormally high levels of fixed contamination in 
the uranium processing area. The inspector verified the corrective 
action. (Details, Paragraph 5g) 

G. Item No. 2 of the licensee's February 7 letter describes corrective 
action concerning actions to correct hazardous conditions or non
compliance observed by the Radiation Safety Officer. The inspector 
verified the corrective action. (Details, Paragraph 5h)
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H. Item No. 3 of the licensee's February 7 letter describes corrective 
action concerning surveys of airborne uranium concentrations. The 
inspector verified the corrective action. (Details, Paragraph 5i) 

I. Item No. 4 of the licensee's February 7 letter describes corrective 
action concerning continuous air sampling in the uranium processing 
area. The inspector verified the corrective action. (Details, 
Paragraph 5j) 

J. Item No. 5 of the licensee's February 7 letter describes corrective 
action concerning instructions to persons performing non-routine 
operations. The inspector verified the corrective action. (Details, 
Paragraph 5k) 

K. Item No. 1 of Enclosure No. I to the licensee's letter dated 
February 28, 1973, to Directorate of Regulatory Operations, RO:I, 
describes corrective action relating to notification of the Radiation 
Protection Officer in cases of non-standard plant operations. The 
inspector verified the corrective action. (Details, Paragraph 5L) 

L. Item No. 2 of Enclosure No. 1 to the licensee's February 28 letter 
describes corrective action concerning resolution of processing 
equipment deficiencies. The inspector verified the corrective 
action. (Details, Paragraph 5m) 

M. Item No. I of Enclosure No. 2 to the licensee's February 28 letter 
describes corrective action concerning control of flammable materials 
in the uranium processing area. The inspector verified the corrective 
action. (Details, Paragraph 5a) 

N. Item No. 2 of Enclosure No. 2 to the licensee's February 28 letter 
describes corrective action concerning securing of fissile material 
storage racks to prevent displacement of the storage array. The 
inspector verified-the corrective action. (Details, Paragraph 4b) 

0. Item No. 3 of Enclosure No. 2 to the licensee's February 28 letter 
describes corrective action concerning positive retention.!9f fissile 
material within the storage rack. The inspector verified the corrective 
action. (Details, Paragraph 4c) 

Unusual Occurrences

None
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Other Significant Findings 

A. Current Findings 

The licensee has terminated uranium processing activities, is in 
the process of decommissioning the facility and expects to terminate 
all aspects of their nuclear work about July 31, 1973.  

B. Status of Previously Unresolved Items 

None 

Management Interview 

An exit interview was held with Mr. Ashby and Mr. Herbst at the con
clusion of the inspection on May 17, 1973.  

The gentlemen were informed of the scope of the inspection and of the 
violation regarding failure to make Nuclear Safety Committee inspections 
during March and April, 1973.



DETAILS 

1. Persons Contacted 

G. E. Ashby, Manager, Grace/Nuclear Division (GND) 
R. J. Herbst, Manager, Operation Services (GND) 
C. Lamberth, Foreman, Nuclear Production (GND) 
J. J. Blouin, Supervisor, Engineering 

2. Organization 

The licensee's organization has been significantly modified as a 
result of their decision to terminate their licensed activities.  
Messrs. Ashby, Herbst, and Lamberth are the three remaining 
individuals involved in the nuclear program. Mr. Sillyman, the 
former Health and Safety Officer terminated for other employment.  
All other work force members have been assigned to other positions 
within the W. R. Grace Co. organization.  

3. Schedules 

The licensee anticipates that the remaining special nuclear material 
(SNM) will be shipped by June 15, 1973 and that all equipment removal 
and decontamination will be completed by July 30, 1973.  

4. Examination of Processing and Storage Areas 

a. Examination of these areas confirmed that all SNM processing 
has been terminated. The licensee's processing equipment has 
been cleaned out and flushed with nitric acid to remove the 
SNM.  

b. The in-process storage racks were empty except for three 
appropriately stored containers. The floor storage solution 
array of eleven liter bottles, each centered in a 22 inch 
diameter drum was in accord with license conditions. Materials 
in the incoming storage vault were in birdcage shipping con
tainers. Posting and labeling of materials was adequate.  

c. Criticality monitors were observed to be located according to 
license conditions and were operating.  

d. No new operations had been placed into service between the time 
of the last inspection and termination of uranium processing, 
based upon inspector observations and licensee statements.
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5. Previously Identified Enforcement Items 

a. Examination of the incoming materials storage vault disclosed 
that the storage of SNM solutions and process compounds noted 
during the inspection of November 29 to December 1, 1972, was 
observed to have been terminated in accordance with the licensee 
statements in their letter of February 8, 1973. In addition, 
the unsecured fissile material storage rack and the flammable 
materials observed to be stored in this area during the referenced 
inspection have been removed.  

b. Examination of the in process storage racks confirmed that all 
of the racks are now equipped with positive retention devices.  
During the inspection of November 29 to December 1, 1972, it was 
noted that one such rack was not equipped with a retention 
device.  

c. During the inspection of November 29 to December 1, 1972, it 
was observed that the licensee was not packaging fissile solutions 
from the boil down column directly into DOT special permit 
packages as required by license conditions. Instead they were 
diluting the solutions without coverage by procedures. This 
practice was terminated immediately. The licensee obtained an 
amendment to their license on February 1, 1973 to allow transfer 
of boil down solution to tanks 10-42A and 10-42B for interim 
storage pending approval of shipping containers by the AEC and 
Department of Transportation (DOT). At the time of the current 
inspection, no such operations were being performed.  

d. During the inspection of November 29 to December 1, 1972, the 
licensee was observed to be storing concentrated and dilute 
fissile solutions on the floor of the process area without 
license authorization. The licensee obtained authorization for 
a floor storage array on February 1, 1973. At the time of the 
current inspection, the inspector observed that the fissile 
solutions were stored in accordance with the authorized license 
amendment.  

e. During the inspection of November 29 to December 1, 1972, the 
licensee was in noncompliance with license condition 8B, Section 
6.9, in that the Nuclear Safety Committee did not, acting as a 
body, investigate and evaluate the airborne uranium occurrence 
reported in their letter to the Commission, dated November 7, 1972.  
By letter of February 8, 1973, the licensee stated that the 
committed had performed their function relating to the occurrence 
and that they will in the future without delay refer such matters 
to the committee. The inspector verified that no incidents 
requiring such action had occurred subsequent to the previous 
inspection.



-6-

f. The licensee had not prepared special procedures in the areas 
of criticality and radiological safety at the time of the 
November 29 to December 2, 1972, inspection. In their letter of 
February 8, 1973, they described their policy which requires 
strict adherence to specific operational procedures which 
incorporate criticality and radiological safety considerations.  
The inspector verified that the procedures are authorized by 
the Nuclear Safety Committee, and do contain requirements 
relating to cricicality and radiological safety.  

g. During the inspection of December 12 to 14, 1972, it was noted 
that fixed contamination in the vicinity of the dialysis and 
dissolver units consistently exceeded the licensee's action guide 
for decontamination of 10,000 cpm alpha activity, without being 
decontaminated. During the current inspection, the inspector's 
examination of the licensee's decontamination records confirmed 
that such levels of fixed contamination are appropriately being 
decontaminated and that the engineering personnel have reviewed 
the contamination cases to determine if equipment improvements 
can be provided to minimize such contamination. In addition, 
the records confirm that the Radiation Safety Services personnel 
are performing routine contamination monitoring.  

h. During the inspection of December 12 to 14, 1972, it was observed 
that licensee personnel did not take prompt action to correct 
hazardous conditions or noncompliance items noted by the Radiation 
Safety Officer or the Nuclear Safety Committee. The inspector 
verified that prompt corrective actions are taken as a result 
of these inspections and the information has been documented.  

i. During the December 12 to 14, 1972 inspection it was determined 
that no surveys of airborne uranium concentrations were made.  
when process containment for the particle formation unit was 
breached, that surveys made on other occasions were not in the 
breathing zones of persons performing the operations, and that 
urine and feces samples submitted as a result of airborne 
uranium occurrence were too small in quantity and submitted 
too late to provide an analysis for adequate evaluation of 
personnel exposures. During the current inspection, air sampling 
records indicated that surveys have been made concerning recent 
occasions when process containment was breached. The licensee 
obtained breathing zone samplers for use by plant personnel.  
These units have now been returned to the supplier since plant 
operations have been terminated. The inspector observed that 
new instructions have been issued concerning air surveys and 
personnel bioassay sampling.
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j. During the inspection of December 12 to 14, 1972, it was 
determined that the licensee had not been performing the 
required continuous air sampling of the processing area 
during the period from March 15 to December 14, 1972. A review 
of the air sampling records confirmed that continuous air 
sampling has been provided since the December inspection.  

k. During the December 12 to 14, 1972 inspection it was determined 
that on October 6, 1972, two persons broke containment on a gas 
fluidized bed reactor releasing contained special nuclear 
material to the immediate restricted area without verbal or 
written instructions having been provided. According to the 
licensee's letter of February 7, 1973, the equipment was re
designed to preclude breaking of containment. At the time of 
the current inspection the equipment operation had been terminated 
and all special nuclear material removed.  

1. During the December 12 to 14, 1972 inspection it was determined 
that the Radiation Safety Officer was not informed when non
standard operations involving breaking of containment were per
formed on process equipment. During this inspection examination 
of process air sampling records subsequent to December 14, 1972, 
confirmed that the Radiation Safety Officer received notification 
of such operations and did provide special air sampling for the 
non-standard operations.  

m. During the December 12 to 14, 1972, inspection it was determined 
that SNM process equipment deficiencies related to the fluidized 
bed reactor which resulted in an incident involving excessive 
concentrations of airborne uranium, were not comprehensively 
evaluated and that appropriate equipment modifications and pre
operational tests were not provided. In their letter of 
February 28, 1973, the licensee stated that such evaluations 
and modifications will be made. The inspector's examination of 
modifications to operating procedures disclosed that the 
Nuclear Safety Committee was in the process of evaluating equip
ment and procedural modifications to several processing equip
ment pieces.  

6. Facility Decommissioning Activities 

a. All processing operations were completed by the end of 
February, 1973. Special cleanup procedures were issued by the 
Nuclear Safety Committee on March 8, 1973, to govern the equip
ment cleanout and flushing operations. The inspector examined 
the procedures which were authorized and signed by the committee 
members. The procedures were observed to be detailed, step by 
step, instructions. Records indicate that the procedures were
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reviewed with the concerned employees on March 9, 1973.  
The cleanout operations were started on March 12 and were 
completed by the end of the month. According to the licensee, 
no problems were encountered in the cleanup operations.  

7. Decontamination Activities 

a. Records of smearable contamination sampling were reviewed 
for the period January 1 through April 26, 1973. Smear 
samples were taken at numerous locations in the plant at a 
frequency of every other day. Licensee2 goals were to maintain 
clean areas at less than 250 dpm/100 cm , and the process areas 
at less than 2500 dpm/100 cm2 . Examination of the records 
showed that the areas were decontaminated and maintained below 
these levels.  

b. Since the last inspection the licensee has given special 
emphasis to reducing the levels of fixed contamination around 
the equipment in the uranium processing areas. The. licensee's 
action level for cleanup of such activity is 10,000 cpm/100 cm2.  
Examination of the records for the period from January 1 through 
April 26, 1973, showed that the licensee has taken prompt action 
to decontaminate areas of excessive fixed contamination to levels 
below the referenced action point. Surveys for the equipment 
area were performed routinely on a two to three times a week 
basis.  

8. In-Plant Air Sampling 

a. Records of in-plant, restricted area, air samplingwere examined 
for the period from January 1 through April 26, 1973. Sampling 
was performed at selected areas of the processing area on a 
daily basis. In general the airborne concentrations were less 
than 5 per cent of the IxlO"1 0 uCi/cc limit. On February 13 
and 16, 1973, during waste consolidation activities, work area 
samples of 1-1.77x10-1 0 uCi/cc were experienced. Samples in 
nearby areas were normal. The occurrence was evaluatcd and 
documented. Bioassay results and air sampling data indicated 
that none of the employees exceeded the maximum-permissible 
exposure level for 40 hours.  

b. Special air sampling studies were made in January to determine 
the levels of airborne uranium concentrations on operations 
at the dissolver, dialysis unit, and columns, which involved 
breaching of process equipment containment. No unusual levels 
of airborne activity were encountered.
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9. Gaseous Effluents 

Off gas stack sampling records were examined for the period from 
January I through April 26, 1973. The records showed that the 
required samples were taken and that the particulate effluent 
radioactivity concentrations were routinely less than ten percent 
of 10 CFR 20, Appendix B - Table II limits.  

10. Liquid Effluents 

Records of liquid effluents were examined for the period from 
January 1 through April 26, 1973. The data showed that the effluent 
concentrations did not exceed ten percent of the 10 CFR 20, Appendix 
B - Table II limits.  

11. Nuclear Safety Committee Inspections 

a. Records of the committee's inspections for the period from 
January 1 through May 2, 1973 were examined. The inspection 
records describe the scope, findings and recommendations of 
the committee. In the record of the February audit, the 
committee recommended further air surveys of specific operations 
involving breaching of equipment containment. These were not 
done because plant processing operations were terminated.  

b. The committed did not perform inspections during March and 
April. According to the licensee, this was an oversight, but 
no uranium processing was done during that period. The licensee 
assured the inspector that the committee inspections will be 
performed as required while special nuclear materials are 
possessed.  

12. Incidents or Unusual Occurrences 

There were no incidents or unusual occurrences since the last 
inspection according to licensee statements and the inspector's 
review of pertinent records.



ICY C UNITED STATES.  
ATOMIC ENERGY COMMISSION 

DIRECTORATE OF REGULATORY OPERATIONS 
REGION I 

970 BROAD STREET 
NEWARK, NEW JERSEY 07102 

TSr JUN 8 1973 

W. R. Grace and Company, Grace/Nuclear Division 
Clarksville, Maryland 
License No. SNM-840, Inspection No. 7302 
Docket No. 70-456 

Inspector's Evaluation 

At the time of the inspection (May 16-17, 1973) the licensee had 
terminated their processing operations. They have about 70 kgs of 
U-235 in storage awaiting shipment. Disposal of the processing 
equipment has not been finalized. They still hope to sell the equip
ment to another nuclear company. Decontamination of the process area 
is essentially complete.  

My examination of plant records convinced me that the licensee had 
put forth a concentrated effort to correct the violations and safety 
items observed during the November 29-December 1, 1972, and December 
12-14, 1972, inspections.  

Their failure to perform the Nuclear Safety Committee inspections during 
March and April, 1973 does not represent a significant hazard as all 
fissile materials were in storage containers and no actual processing 
operations were being performed. Mr. Ashby assured me that the 
inspections will be performed as required while fissile material is 
possessed.  

." IIH. W. Crocker 
Sr. Fuel Facilities Inspector
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w.R. GRACE & co.  

RESEARCH DIVISION 

WASHINGTON RESEARCH CENTER 

7379 ROUTE 32, COLUMBIA, MARYLAND 21044 

Telephone 301 - 531-5711 

June 29, 1973 

Director, Division of Materials 
Licensing 1" 

U. S. Atomic Energy Commission 
Washington, D. C. 20545 i' " ' 

.0 ..  
Dear Sir: .-A . ; 

Re: Notification per 10 CFR 71.7 (b) ,(ii) 

Please register 

W. R. Grace & Co.  
Washington Research Center 
7379 Route 32 
Columbia, Maryland 21044 

SNM License No. 840 

as a user of shipping container, Model No. RMG-181-I, which 
is licensed SNM 124(71-23) to be used for the delivery of 
licensed material to a carrier for transport by 

Nuclear Fuel Services, Tnc.  
Erwin, Tennessee 37650 

Thank you.  

Very sincerely, 

Richard J. Herbst 

PJH:srh 

ITEM # L
5178



GRACE & co.
RESEARCH DIVISION

WASHINGTON RESEARCH CENTER 
7379 ROUTE 32, COLUMBIA, MARYLAND 210I4 

Telephone 301 - 531-5711

July 10, 1973

United States Atomic Energy Commission 
Directorate of Regulatory Operations 
Region I 
631 Park Avenue 
King of Prussia, Pennsylvania 19406

Attention: Mr. Robert T. Carlson, Chief 
Facility Operations Branch

Dear Mr. Carlson: 

This refers to Docket No. 70-456, specifically to the 
findings of an inspection of W. R. Grace & Co. facilities at 
Clarksville, Maryland, on May 16-17, 1973. We have reviewed 
your findings and have taken the corrective actions stated 
on the attached sheet.  

Should you have any questions we will be glad to discuss 
them with you.  

Sincerely, 

E. Ashby

GEA:s rh 

Attachment

ITEM #

W. R. FQ- N'AL -



Corrective Actions Resulting from Inspection 
on May 16-17, 1973 of Operation 

Authorized by AEC License No. SNM-840 

Description of Violation 

1. License Condition 8B incorporates Section 6.7 dated July 
1, 1972, of your license application which requires that 
the Nuclear Safety Committee will inspect the plant opera
tions at least once in each month that operations involving 
special nuclear material are being performed.  

Contrary to this requirement, no inspections were performed 
in March and April, 1973, during which time fissile storage 
operations were performed.  

Corrective Actions 

Prior to this inspection Grace had not intended nor under
stood that storage of special nuclear material would constitute 
a plant operation. From this date forward Grace will require 
inspections by the Nuclear Safety Committee at least once each 
month so long as License SNM-840 is operative. Full compliance 
will be achieved in July 1973.
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Reference:

Docket No. 70-456

Your letter dated July 10, 1973 
In response to our letter dated June 8, 1973

Gentlemen: 

Thank you for your letter informing us of the action you have taken to 

correct the items of noncompliance which we brought to your attention 

following our recent inspection of your licensed program. Your corrective 

action will be verified during our next inspection of your program.  

In accordance with Section 2.790 of the AEC's"Rules of Practive," Part 2, 

Title 10, Code of Federal Regulations, a copy of this letter and the enclosed 

inspection report will be placed in the AEC's Public Document Room. If this 

report contains any information that you (or your contractors) believe to be 

proprietary, it is necessary that you make a written application within 20 

days to this office to withhold such information from public disclosure. Any 

such application must include a full statement of the reasons on the basis 

of which itfis claimed that the information is proprietary, and should be 

prepared so that proprietary information identified in the application is 

contained in a separate part of the document. If we do not hear from you 

in this regard within the specified period, the report will be placed in the 

Public Document Room.  

Your cooperation with us is appreciated.  

Sincerely, 

Robert T. Carlson, Chief 

Facility Operations Branch 

Enclosure: 
1. RD Inspection Report No. 70-456/73-02

ITEM #.9

DATEP------------ ---------- ---------

OF IC 0 --CRESS : 1 -----------

SURNAME 10, ------ -7----7-- ..... -Vi

Form AEC-ne (Rev. 9-53) AECM 0240

(D)
------------------- -------------- - ----------------------------- -------------------------- --.-.---- .-.-.-----

W. R. Grace and Company, Grace/Mmclear Division 
Attention: Mr. G. E. Ashby 

Vice President, Manager 
Washington Remderch Center 
Clarksville, Maryland 21029

!
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bcc: RO Chief, Field Support & Enforcement Branch, HQ (2) 
RO:RQ (4) 
LUD/D for Fuels & Materials 
RO Files 
DM Central Files 
PDR 
Local PM) 
VOIC 
State of M4ryland
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631 Pair Avenue 
King of Prusia is Pennsylvania 19406

Attention: Mr.. 0. E. Ashby 
Washington Research Center 
Clarksville, Maryland 21029

Gentlemen:

This refers to the inspection conducted by Mr. Woltwer of this office 
on September 1I - 21, 1973 of activite, authorized by AEC. License 
SNH-840 and to the discussion of ow finadins held by Mr. Woltner 
with -NJ4. l.•.,st at-, he -at.:,i ' 

ý_Areas examIe during, this imspe0-tti~n 1it&& Isbd ze~s nd 
a verifictaton of the reconciliation to a zero balance of material and 
ledger accounts, Within these areas, the Inspection consisted of 
selective examinations of procedures and representative records and 
observations by the inspector.

V.

'...4

V .

Within the scope of this inspection, no violations were observed, 

fl* .. .T,.

&�24Y '�%Ir�i¶rr- *.'44'* - 4 
k-It - .aainwLLuywe - '.-...,....-�,--..-..,- v*�

Sinerly, 

Walter G. Matin, Chief 
-n VU aeik MPatPrtcin-.. . . . . . . . .. . .. - . . . . . .. • : . : . • - : 

:: ::: • :::i•.- - - - - --•:: ":::-.:.:srn ub~i :•:;• - tv-::•:: 's

bcc: RO: Chief, Field Support & Enforcement Branch, HQ w/encls 
RO: Chief, Materials and Plant Protection, HQ w/encls 
RO:HQ (4) w/encls 
Directorate of Licensing, HQ (4) encls M3 # 
DR Central Files w/encls ITEM 
PDR w/o encls 
Local PDR w/o encls 
State of Maryland w/o encls 
RQ:I Materials and Plant Protection Branch (2)- w/encls 
RO:HQ Files w/encls

SURNAMEb

Forma AEC-18(Rv.9

MA: "0'V~: Cj.L ~p.k$-..j.>XX:
S.....r; -r I II..  woltner:tc& Mart in cReilly .

10_-_24.-73_ 
53) AECM 0240

I 10-24-73 10-17P73
------ I-------- ------------- ---. -- -- *1- ----------

1� .4

4:4

.4

,-C

/7-7

I
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U. S. ATOMIC ENERGY COMMISSION 

DIRECTORATE OF REGULATORY OPERATIONS 

REGION I 

RO Inspection Report No: RO:I 70-456 1WRG-MAPP-74-1 Docket No: 70-456 

Licensee: W. R. Grace & Co. License No: S1M-840 

Priority: I 

Category: 

Location: Clarksville, Maryland 

Type of Licensee: Fuel Fabrication Development 

Type of Inspection: Announced 

Dates of Inspection: September 18-21, 1973 
Inspection Period Covered: January 1-September 18, 1973 
Dates of Previous Inspection: January 2-5. 1973 

Reporting Inspector: 7z 
E. Woltner DATE 

DATE 

Accompanying Inspectors: 

DATE 

Other Accompanying Personnel: 

Reviewed By: DT 

W. G. Martin, Chief 1ATE/ 

OFFICIAL USE ONLY

OFFICIAL USE ONLY 
NOT FOR PUBLIC DISCLOSURE
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A. Summary of Findings 

The inspection was directed towards a close out review since W. R.  
Grace and Co. has terminated their special nuclear material opera
tion and all nuclear material has been removed from the premises.  

The previous inspection report, No. RO:I-MAPP-76, cited W. R. Grace 
and Co. for noncompliance with License Conditions 3.2, 3.5 and 7.3.  
Also, certain activities were not conducted in full compliance with 
requirements of Title 10, Code of Federal Regulations, Part 73. W. R.  
Grace and Company's letter, dated June 11, 1973, responded with the 
corrective actions taken in regard to the above. The results of the 
corrective actions were acceptable and/or the condition eliminated 
due to termination of operation.  

The licensee will be required to post adjustments to their records 
since they have a 1.2 kilograms U-235 high enriched uranium balance 
with a-o-physical inventory. The audited amount resulted in an over
all MUF loss of .9 kilograms U-235 for the total operation between 
March 1972 and September 1973. These corrections will be required 
in order to file a final Material Status Report, AEC Form 742.  

B. Report Details 

1. Individual Contacted 

R. J.-Herbst, Manager, Operation Services 

2. Introduction 

W. R. Grace and Co., Washington Research Center has since our 
last prior inspection of January 1973, terminated their nuclear 
operations. The organization has been disbanded and the close 
out operation is administered by the former Manager, Operat ion 
Services. The final nuclear material shipment was completed 
September 13, 1973. The disposal of the processing equipment 
has essentially been completed and the areas decontaminated.  

Scope 

The inspection covered an audit of accounts, records, and reports 
from January 1, 1973 to September 18, 1973 and a verification of the 
reconciliation of the book balance to a-o-physical inventory. A 
walk through inspection was conducted on what previously had been 
the storage, process and laboratory areas in which there was no 
evidence of nuclear material on hand.

OFFICIAL USE ONLY
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Discussion of Findings 

The licensee was informed that there were 'no items of noncompliance 
as'a result of this inspection.  

The Material Status Report, Form 742, filed for the period ended 
June 30, 1973 requires corrections which will be completed.  

A final Form 742 will have to be completed for the activity subsequent 
to June 30, 1973 and for adjustment of material unaccounted for.  

W. R. Grace and Co. will have to designate an authorized employee 
for any subsequent action required since there are open Nuclear 
Material Transfer Reports (Form 741) involving scrap recovery, and 
for any other items that may occur.  

A final management interview is planned for October M, 1973 at which 
time the licensee will have a member of their consulting firm, 
Nuclear Surveillance and Auditing Corporation present for close out 
of the record accounts.  

A material status report will be issued with the final management 
interview report.

OFFICIAL USE ONLY



W.R. GRACE & co. .,.-M 

RESEARCH DIVISION 

WASHINGTON RESEARCH CENTER 
7379 ROUTE 32, COLUMBIA, MARYLAND 21044 

Telephone 301 - 531-5711 

October 30, 1973 

Director, Division of Materials Licensing 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Sir: 

The attached data sheets summarize additional fixed 
and removable contamination estimates made regarding light 
fixtures and appurtenances near the ceiling of our 16A 
Nuclear Facility. These data supplement those already 
supplied in our report of September. 1973.  

The average levels of fixed and removal contamination 
on these surfaces is 2205 and 28 dpm/100 cm2 , respectively.  
No individual measurements of fixed contamination were in 
excess of the Guideline(l) limit of 25,000 dpm/100 cm2 .  
We believe these data further confirm the success of our 
decontamination efforts.  

Data are also included showing the results of action 
taken to decontaminate the surfaces of the narrow ledge of 
the mezzanine outside the railing. This ledge was shown 
to be contaminated by measurements which Mr. P. German 
(USAEC - Region 1) made during this inspection and survey 
on 24 and 25 October 1973. Decontamination to below the 
Guideline limits was achieved. To the best of our knowledge, 
this is the only area wherein Mr. German's measurements failed 
to corroborate our own findings.  

We hope submitting these data will enable the Commission 
to finally disposition our request for termination of our SNM 

ITEM# 4!



Materials Licensing 

License and release for unrestricted use of the premises 
formerly relegated to our nuclear work.  

Very sincerely, 

R. J. Herbst 

RJH/kh 

Attachments 

cc: Director, Directorate of Regulatory Operations - Region 1 
U. S. Atomic Energy Commission 
631 Park Avenue 
King of Prussia, Pa. 19406 

(1) Guidelines for Decontamination of Facilities and Equipment 
Prior to Release for Unrestricted Use or Termination of 
Licenses for Byproduct, Source or Speciall Nuclear Ilaterial.  
U. S. Atomic Energy Commission, 22 April 1970.

Director, Division of - 2 - October 30, 1973
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S'} JUN 

"-W. R. Grace and cmnpany, Grace/Nuclear Division 
Attention: Mr. G. E. Ashby 

.,:.., - . Vice lresident, Maaer .'' ..  

Washington Research Center 
Clarksville, Maryland 21029

8 19 o 7 3 

Docket No. 70-456

Gentlemen: 

This refers to the inspection conducted by Mr. Crocker of this office 
on May 16-17, 1973, of operations authorized by ABC License No. Slt-840 
and to the discussion of our findings held by Mr. Crocker Vith Mr.  
Aslby of your staff at the conclusion of the inspection.  

Areas examined during this Inspection Included: organization; facility.  
,dec, ont .tin end e s activities'; facliUt Processing and 
storage areas; Nuclear Safety CoInittee activities Including reports 
for the period fron January 1 to May 2, 1973; and In-plant air "monitor
ing, effluent air monitoring and contamination control, and liquid.  
effluent monitorIng records, all for the period from January I to 
April 26. 1973. Within these areas, the inspection consisted of 
selective examinations of procedures and representative records, inter
views with personnel and observations by the inspector.  

In addition to the above areas, the inopector v=tfied.the corrective 
~~e -- 4A..,g.. -t d -AA ii..uw7 

"28, 197I . We have no furhe quetixons oneern these matters". " ' 

During this inspection it was found that one of your activities appeared 
to be in violation of AEC requirements. The item and reference to the 
pertinent requirement are listed in the enclosure to this letter. This -.  

notice is sent to you pursuant to the provisions of Section 2.201 of 
the AEC "Rules of Practice," Part 2, Title 10. Code of Federal Regu
lations. Section 2.201 requires you to submit to this office within 
20 4aya of your receipt of this notice a written statement or explanation.  
in reply including: (1) corrective steps which have been taueh by you, 
end the results achieved; (2) corrective steps which will be taken to 
avoid further violations; and (3) the date Then full compliance will 
be achieved.

ITEM #

OFFICE D ---

SURNAME 
• 

DATE b, 6/ 53) /73 AE "M0 
Form AEC-318 (Rev. 9-53) AECM 0240

--------- .I --------------------

0..11P.Carl son
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Should you have any questions concerning this inspection, we will be 
glad to discuss them with you.  

Robert T. Carlsaon, Chief 
Facility Operations Branch 

Enclosure: 
Description of Violationr 

bcc: RO, Chief, Field Support. & Enforcement Branch, HQ .  
RO: HQ (4) 
L:D/D for Fuels & Materials 
DR Central Files 
PDR 
NSIC 
State of Maryland 

Y/
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Enclosure -" ..  

Description of Violation 

W. R. Grace aud Company, Grace/Nucla? ~~~O 
Clarksville, Maryland 

Docket No. 70-456 

one activity under your license appears to be In violation-of .. •.  

requirements as indicated below'.  

1.License Condition 8B incoVPortsScin .7 ltdJl ,17 

of your license application Ihc euIre ta I th jula ,.fetyh 
Committee will inspect the plan operations at last once 
month that operations -nvolving special, 'abe 

performed. ~- <~ 

Contrary to this requirement,.n spect-Ofl' wet!, 

I1arch and April, 1973, during -whi~h time -:£sSl"-storage."per s 

wera performed.. 

- - * --. f 

' - . " .
*r 2;... .- ,.• ! '• '•: : 

• •:•.: ::'•; V -" 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
DIRECTORATE OF REGULATORY OPERATIONS S~ REGION I 

631 PARK AVENUE 
KING OF PRUSSIA, PENNSYLVANIA 19406.  

NOV 151973 
W. x., Crai Compa"y Do.ket No. 70-456.  1teuiuz •..¢. K .h, . Lice...e No. $]NM-840 "".. :+ ,: •::;+• 

ahigoResearch Center 
ClarkwvlUo, tMryland 21029 

This refrer to the Inspection conducted by Mr. Jarms of this office 
on October 24s -2S and, November 9, 1973 of aectivities authorized by 
ABC Linesas No. SNN-•8p0 nd to th oiyas of our, d indhW.held 
b y . . -. n .i. . . a . b . ... . . o h p t.  
a"d -'to it sabsequen-t telepoeds"sonbten&r Jraisn' maid Dr.
huBby on Novmber 13, 1973.  

Areas em•n• d during this insectionh are described in the Regulatory 
Operations Inspection Report whi,, is enclosed with this letter.  
Within uo areas, the Inspection consisted of selective examinatios 
of proekdure. and repreentative aeord. e interviet .with personnel, 
ma- + mnts mad"e by t =pecter-*p and observations by the Inmpector.  

Itarnate to levels specified by the Directorate Of. 11080814n axs 
acetable for unrestricted mie. 'Many random cek aeb h npco 
cnfiuedthe validity of this "eport.  

Ainge~oata ar, o 5*.14. of AcIeptabue limito was.  

acceptabe lawls during the Izmpaction.  

thne inspector noted a amp tank end pump located in the floer of tho 
ch6n"" ro.widr an Iiron grating.' the tankg nan ed &r collecting 
lab sink, shover nd wash basin draionae. iron I6ad not mued acontsmination 
leveuls Isthis to&k and P=P# and it awpana it would Uot be Possible to 
surVWY thM for Amitiue relesas. ge mote that you Intend to rmv 
the tank, pi00 sal wsooiated piping, to dispose -of them as cotmntd 
vante and to isurvey the wru n area after~ renwial. Notice. of -this 
actioR and the asociated ourveay report shoulA. be furnished to the 
Directorate Of Lcnigin suppftrt of youw request for, license termination.

m .- 3 -.....RNATE -. _.• ---. 0240 

form AE-3t18 (Rev. 9-53) AECIM 0240

ITEM #_ _ _
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W. Lw Grace Company
-2-

In accordance with Section 2.790 of the AEC's "Thiles of Practice", 
Part 2, Title 10, Code of Federal Regulations, a copy of this 
letter and the enclosed Inspection report vwil be placed in ,the 
ABCt Ifc o~atRom this report cbatains ny inorato 

that ouV(t*7your contrr~atoir) believe to be-proprietary*,`. :ti 
necessary that you make a written application within 20 days to 
this office -to withhold such Information from public disclosuem.  
Mny such appliation umst Include a full s tatement of the 
reasons.on the basis of which it is claimed that the information.  
is proprietary, and should be prepared so that proprietary 
information identified In the application is contained In a 
.separate part of tbe document. . if we do not hear from you in 
this regard withinfthe specified period, the report will be 
4placed In* the NbUce Document Room.  

No ep Altoths- lattrs reuirnd; however' should you havme -any.  
questin -o~rd~ hstsetowe will, be plese to '6suss 
them with -you.  

Sincerely,

. -cro B ac~.~ . '-: .. .  

Enclosure: 
o'0 Inspection Report No..70-456173-03

-. RO. -- f"s. FS&EB (:wfencs...) 
RO:1HQ (4 wencls.) 
L:D/D for Fuels and Mat'l (1 wlencls.) 
PDR (1 w/encls.) 
NSIC (1 w/encls..) 
RO Files (1 w/encls.) 

.DR Cenrtral Files (1 w/encls.) 
State of-Maryland (l -w/encls.)

- , F IC ý * _- --------------

- SURNAMEI.  

DATE$O

- - --- --- - --- - --- -- ---- - ---- - -- -- --- --- --- - ---- --- - --- 4-- ------- --- ------------------ --- ---- ---- -----

................ �1 
rorm IA�'.-11O �Nev.�-�f gtLIVI u�qu . � U.S. GOVERNMENTPJ�IN�LNS � �

4 7 3
L.

4 9 5 4 5 3
- . -

.�.  
g

roTnq /• t:• -.i 1•:5 -•t¢ I• ;•)7c•c. U Nr urzq U"

., . . . . . . . . . .. . . . . .. . .,.
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RO Inspection.Report No.: 

-Licensee: W. R. Grace C(

U.S. ATOMIC ENERGY COMMISSION 

DIRECTORATE OF REGULATORY OPERATIONS 

IRGION I 

70-456/73-03 Docket No.: 7 0 - 4 5 6

ompany

Grace/Nuclear Division 

Clarksville, Maryland

License No.:________ 

- Pftority: , 

- CategoryA(

Type of Licensee: Fuel Fabrication 

Type of Inspectionyerification of Close Out Survey for License Termination -Announced 

Dates. of Inspection: October 24, 25 and November 9, 1973 

Dates of Previous Inspection: May 16-17, 197a 

Reporting-Inspector: I 

PHILTiP C. RMANN diation Specialist Date 

Accompanying Inspectors:
Date

Date 

Date 

Date

Other Accompanying Personnel: 

Reviewed by:

. NONE

Date 

Date

(,(973

Location:



SUMMARY OF FINDINGS 

Enforcement Action 

A. Violations 

None 

B. Safety Items 

None 

Licensee Action on Previously Identified Enforcement Items 

Not applicable 

Unusual Occurrences 

None 

Other Significant Findings 

A. Current Findings 

The inspection, consisting of a radiation survey to verify 
contamination levels at the facility, as reported by the 
licensee, showed that existing contamination levels appeared 
to meet the Directorate of Licensing guidelines, for. termination •* 
of License No. SNM-840, wth the exception of a sump pump and 
tank which the licensee intends to dispose of as contaminated 
waste.  

B. Status of Previously Reported Unresolved Items 

None 

Management Interview' 

The following individuals attended the management interview held at 
the conclusion of the inspection on October 25, 1973: 

W. R. Grace Company 

G. E. Ashby, Vice President, Manager 

AEC 

P. C. Jerman, Radiation Specialist 

The following subject was discussed: 

The inspector stated that his survey showed that contamination levels 
existing in those areas he had checked, appeared to verify the 
licensee's survey documentation. In a telephone conversation on 
November 13, 1973 the inspector pointed out that some action would



-2-

have to be taken with regard 
of the change room.

to the tank and sump pump in the floor

... ~ý' .:.*j k-



DETAILS 

1. Persons Contacted 

G. E. Ashby, Vice President, Manager 

R. J. Herbst, Manager, Operation Services 

C. T. Lamberth, Foreman, Nuclear Production 

.2. Material Possessed and Processed Under the License 

A licensee represenative stated that highly enriched uranium-235(97 %) 
was used exclusively.  

3. Facility Status 

a. By letter dated September 19, 1973, signed by G. E. Ashby, 
the licensee transmitted a document entitled, Decontamination 
of W. R. Grace and Company's Nuclear Facility for Decommissioning 
and Return to Unrestricted Use, to the Directorate of Licensing.  
"The document included a report of surveys conducted by the 
"licensee.  

b. The inspection was limited to a survey by the inspector of those 

areas identified in the survey report. The survey consisted o 
spot checks of surfaces employing portable survey meters ()3 

• i: and wiping 100 cm2 surfaces with #541 Whatman filter papers.  

c.i. The.-inspector.eiidte:uvy v-or pubitited by-. the 

'licensee. The inspector' s sur"vey report siurpe sed on the 
licensee's survey report is.included as Attachment 1.  

d. Contamination levels were not measured in a sump tank and 
pump located in the floor of the change room under an iron 
grating. This tank was used for gathering lab sink, shower 

and wash basin drainage by .the licensee. The inside of the 
tank and pump were not accessible to the inspector. A 
licensee representative stated'.that the tank., pump and 
associated piping would be removed and disposed of as 
contaminated waste and the surrounding area would be surveyed 
after removal. The inspector noted that certification this 
removal and survey would have to be' supplied to the Directorate 
of Licensing.  

* e. The licensee had not included results of surveys of the lighting 

fixtures and ventillation ducts in the original report. The 
results of these surveys, which-were submitted to thE AEC
with a letter dated October 30, 1973, are included as Attachment 
2. This report was in acceptable agreement with the inspector's 
findings.  

(1) Eberline :PAC ISA 
(2) Eberline E-120 with 7 mg/cm absorber 
(3) Wipes were counted in an Eberline SAC-4 and an Eberline LCS-l with RD-14 

Beta Detector
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L: FFRB: EJF 
Docket 70-456

DEC 1 7 IS73

W. R. Grace & Company 
ATTN: Dr. G. E. Ashby 

Vice Fresident 
WJashington Rtesearch Center 
Clarksville, "1aryland 21029 

Gentlem±en: 

In accordaxLae with your ;application dated September 19, 1973, 

and supplements dated October 30, 1973 and December 3, 1973, 

and pursuant to Title 10, Code of Federal Pegulations, Part 70, 

Special 'Nuclear Material License No. SNUK-840 is hereby terminated.  

HAR TiHE ATOMCaC YERGY COH-MISSIOA 

SOriginal Signed by 
..... Le!and C. Rouse.  

L- C-. Rouse, Chief 
Fuel Fabrication and Reprocessing 

Branch 
Distribution Directorate. of Licensing
PDR 
Sta-tze Health Off ictal
Docket File 
Branch R/F 
L:FM R/F 

6Q, *HQ (2) 
Wt/erner, RO 
RGPa'e, L 
ACabeli, DRA 
BBrorks, L 
LCRous e 
RJDube 
WTCrow 
EJFrederick
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ORNL SIES - SUMMARY 0
License No.: 
Docket No.: 
Licensee: 
Site Address(es): 

Site Contact: 
Telephone No.: 
SDMP Site: 
Related License(s): 
NRC Reviewer: 
Review Abstract: 

Recommendations:

SNM-00840 ORNL Score: 2,267 
070-00456 
W.R Grace and Company Review Status: Complete 
Washington Research Center 
Clarksville, Maryland 21029 
Robert Costello, Mgr, Safety, Hygiene & Peg Compliance 
410-531-4000/ direct 410-531-4659 
no 
[SNM-00417: NOT ON LIST] 
Stephen W. Holmes, David Limroth 
License No. SNM-00840 superseded License No. SNM-00417 which had 
been issued on October 18, 1960 and authorized nuclear fuel 
manufacturing between December 64 and December 73 at the 
Washington Research Center. A termination survey by the licensee in 
1973 and a confirmatory survey by the AEC demonstrate that most of 
the facility is suitable for unrestricted use. A site visit and survey 
conducted by the NRC on November 4, 1994 determined that the site is 
suitable for release for unrestricted use.  
None.

Summary: The licensee manufactured enriched uranium reactor fuel under License No.  
SNM-00417 and then License No. SNM-00840 at the Washington Research 
Center, Clarksville, MD until September 1973. Letters dated September 19, 1973 
and October 30, 1973 describe decontamination procedures, initial surveys 
following decontamination, and additional decontamination and post-decon 
surveys. An AEC confirmatory survey on October 24 and 25, 1973 identified 
further contamination in a sump tank. A licensee letter dated December 3, 1973 
states that the tank, pump, and associated piping had been removed and disposed 
of at an authorized burial site.  

A technical review of licensee's termination survey dated September 1973 with 
supplemental survey of October 30, 1973 and AEC close-out survey dated 
October 5, 1972 was performed to determine if the termination surveys were 
adequate to determine that the facility is suitable for unrestricted use basedlon 
present guidelines.  

Prior to performing the initial contamination survey the whole facility was 
decontaminated, the floor was striped and surveyed, and, where necessary, the 
floor covering excised and disposed as radwaste. Additionally, cleaning and 
decontamination of the process equipment and piping was performed according to 
a written procedure. The procedures for the decontamination and the packaging 
and shipping of radioactive waste were good.  

The surveys covered both use and non-use areas to including outside storage 
areas. Survey points included the floor, walls, and ceiling light fixtures, 
appurtenances, and ducting, as well as other horizontal and vertical surfaces. The 
smear and radiation area surveys consisted of approximately 90 and 120 points,

ITEM# ____o
(��7%)January 23, 1995



License No. SNM-00840 0  2 0 
respectively, at appropriate locations. Based on the total area, surfaces and items 
surveyed, this number swipe and survey points would not meet present standards.  
The instruments used for both analyses met regulatory guidance criteria and 
industry standards of practice. Region I laboratory staff confirmed that the survey 
and counting instruments and their parameters, as described in the report, were 
reasonable and would have been able to measure/detect the radiation levels 
reported.  

The limits used for fixed uranium contamination were 5,000 dpm/100cm2 average 
and 25,000 dpm/100cm 2 maximum taken from the 1970 AEC guideline. Areas of 
fixed contamination which exceeded those limits were decontaminated to below 
the limit and resurveyed. The average activity measured on the floor and walls 
was less than 675 dpm/100cm2 with a maximum activity identified by the licensee 
of less than 12,000 dpm/100cm2 (this was a very localized area). The average on 
ceiling ducts and light fixtures was 2,205 dpm/100cm2 with a maximum of 7,200 
dpm/100cm2 .  

The limit used for removable uranium contamination was 1,000 dpm/100cm 2.  
Areas of removable contamination which exceeded this limit were decontaminated 
to below the limit and resurveyed. The average removable activity measured on 
the floor and walls was less than 110 dpm/100cm2 with a maximum activity of 
less than 241 dpm/lOOcm 2 . The average on ceiling ducts and light fixtures was 
28 dpm/100cm 2 with a maximum of 209 dpm/100cm2.  

Limited information was available on the liquid and gaseous effluent system other 
the - 15 smear and survey points in the report.  

The AEC survey was extensive and identified only one spot of fixed 
contamination which was decontaminated to 15,000 dpm/cm2 . Beta/gamma 
readings were < 0.1 mrad/hr with a 7mg/cm 2 absorber. Smear and survey 
results confirmed the licensees survey findings for the floor, wall, lighting 
fixtures, and ventilation ducts. The inspector identified a sump tank and pump in 
the change room that had not been surveyed. The licensee removed them ajad the 
associated piping, disposed of them as radwaste, and surveyed the sump areas.  
Although the survey indicated no removable and minimal fixed contamination it 
consisted of only four smears and three survey points.  

With the exception of the relative small number of smears and survey points, and 
the limited information available on the liquid and gaseous effluent systems, the 
termination and confirmatory surveys were adequate to release the facility for 
unrestricted use based on present guidelines.

January 23, 1995



License No. SNM-00840O 3 0

In order to assure that the facility is suitable for unrestricted use, a site visit and 
survey were conducted on November 4, 1994. The survey was performed at 
Building 16 to determine that radiation levels on the roof, ventilation system, and 
other areas where radioactive material was used were below NRC guidelines for 
release for unrestricted use and to determine the disposition of a contaminated 
sump tank, pump, and associated piping. No radiation levels above background 
were detected and a smear survey of the roof fan showed no removable 
contamination. Therefore, based on the NRC survey and the previous termination 
and confirmatory surveys, the site is suitable for release for unrestricted use.

Reviewed by: 

Approved by:

,14)

/62
Date v 

D ateJA L

January 23, 1995
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W.R.. GRACE&cx 
RESEARCH DIVISION.  

WASHINGTON RESEARCH CENTER, CLARKSVILLE, MARYLAND 21029 NEW POSTAL ADPRESt 
Teiephone.Oi-531-5711 7379 "ROUTE 32 

"September 19, 1973 COLUHBIA, MARYLAI 
21044 

Director 
Division of Materials Licensing 
U. S. Atomic Energy Commission 
Washington, D.C. 20545 

Dear Sir: 

W. R. Grace & Co. has terminated further work with special nuclear.  
material at its Washington Research Center in central Howard 
County, Maryland. All special nuclear material has been removed 
from the premises. Contaminated equipment has been transferred 
to other licensees, disposed to authorized burial sites, or decon
taminated and committed to alternate uses. Buildings and facilities 
formerly utilized exclusively for work with special nuclear mater
ials. have been decontaminated t•o levels acceptable for use for 
unrestricted purposes. The attached report summarizes our surveys 
of these premises in this regard.  

W. R. Grace & Co. advises the Commission that the buildings and 
facilities heretofore restricted for exclusive use for work with 
special nuclear materials will be released for unrestricted use on 
1 October 1973. Current plans are to utilize these premises for 
the development of equipment for air and water pollution control.  

W. R.Grace & Co. also requests termination of its special nuclear 
materials license, SNM-840, effective I October 1973.  

Inasmuch as the availability of the subject building and facilities 
are important to the progress and success of other work, W. R.  Grace & Co. ask that the Commission promptly consider thesee ruests.  

Y ars very truly, 

G.kJE. Ashby 
Vice President 

GEA/RJH/et 
Attachment 
cc: Director, U. S. Atomic Energy Commission' 

Directorate of Regulatory Operations--Region I 
631 Park Avenue, King of Prussia, Pa. 19406



-W. R.RACE &co.  

R.ESEARCH DIVISION 

WASHINGTOK RESEARCH CENTER 
7379 ROUTE 32, COLUMBIA, MARYLAND, 21044 

Telephone 301 - 53L1-5711 

December 3, 1973 

Director, Division of Material Licensing .  
U. S.. Atomic Energy Commission V" 
Washington, P. C. 20545 K AA% 

Dear Sir.: 

Subject: SNM License 840 Termination Request \' 
Re: Additional Radiological Survey -•. / 

Ref:ýDocket 70-45-6 License No. SNM-840 

/ 

Please be advised that the sump tank and pump used to 
collect lab sink, shower and wash basin drainage in our 
Nuclear Facility have been disconnected, removed and dis
posed of by burial at an authorized burial site. The results 
of our radiological survey of the cellar used to house the 
sump and accessible pipe used to conduct the waste are attached.  
We conclude that there is no lingering radiological hazard 
associated with this space.  

It is our understanding that disposition of the sump is 
the only open item impeding termination of our license. We 
believe this letter and the attached data will remove this 
obstacle and allow the Commission to act affirmatively"on 
our request. .  

Very truly yours, 

Richard J. Herbst 

RJH:srh 
Attachment 
cc: Director, Directorate of 

Regulatory Operations - Region I

0I I
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W.R. GRACE , co. ...- ,, 

RESEARC.H DIVISION 

WASHINGTON R'FSEARCH CENTER 
7379 ROUTE 32, COLUMBIA, MARYLAHD 21044 

Telephone 301.- 531-5711 

October 30, 1973 

Director, Division of Materials*Licensing 
U,. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Sir:.  

The attached data sheets summarize additional fixed 
and removable contamination estimates made-regarding light 
fixtures and appurtenances near the ceiling of our 16A 
Nuclear Facility. These data supplement those already 
supplied in our report of September. 19.73.  

The average levels of fixed and removal contamination 
on these surfaces is 2205 and 28 dpm/100 cm2 , respectively.  
No individual measurements of fixed contamination were in 
excess of the" Guideline(1) limit of 25,000 dp-n/100 cm2 .  
We believe these data further confirm the success of our 
decontamination efforts.  

Data are also included showing the results of action 
taken to decontaminate the surfaces of the narrow ledge of 
the mezzanine outside the railing. This ledge was shown 
to be contaminated by measurements which Mr. P. German 
(USAEC - Region 1) made during this inspection and survey 
on 24 and 25 October 1973. Decontamination to below the 
Guideline limits was achieved. To the best of our knowledge, 
this is the only area wherein Mr. German's measurements failed 
to corroborate our own findings.  

We hope submitting these data will enable the Commission 
to finally disposition our request for termination of our SNM



Director, Division of 
Materials Licensing

October 30, 1973

License and release for unrestricted use of the premises 
formerly relegated to our nuclear work.

I
Very sincerely,

R. J. Herbst

RJH/kh 

Attachments

cc: Director, Directorate of Regulatory Operations - Region 1 
.U. S. Atomic Energy Commission 

631 Park Avenue 
King of Prussia, Pa. 19406 

(1) Guidelines for Decontamination of Facilities and Equipment 
Prior to Release for Unrestricted Use or Termination of 
Licenses for Byproduct, Source or Special Nuclear Material.  
U. S. Atomic Energy Commission, 22 April 1970.
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DECONTAMINATION 

OF 

W. R. GRACE & CO. 's NUCLEAR FACILITY 

FOR DECOMMISSIONING AND RETURN TO 

UNRESTRICTED USE

W. R. Grace & Co.  
7379 Route 32 

Columbia, Maryland 21044

September 1973

J
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1. DESCRIPTION OF THE NUCLEAR 
FACILITY AND RESTRICTED AREAS 

W. R. Grace & Co.'s NUCLEAR FACILITY at Clarksville, 

Maryland, is comprised of the portions of the two buildings 

identified in Figure 1 and known locally as Buildings 16-A 

and 20. Building 16-A houses all research and development 

activity with special nuclear material (SNM). The Restricted 

Area of Building 16-A consists of a central high-bay Process 

Area - main floor and mezzanine, three laboratory rooms used 

for chemical and physical testing, a solvent recovery or still 

room and a security-fenced, outdoor, storage area for shipping 

and the temporary storage of ordinary materials and waste.  

Also included in the Building 16-A complex but outside the 

Restricted Area are four offices, a change area and a lunch 

room. The Restricted Area of Building 20 consists of a 

.security fenced portion used only for the storage of paecaged, 

as-received raw material or product. These buildings are 

described in more detail in Figures 2 and 3 and Appendix A 

which has been excerpted from our SNM License Application.
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2. DESCRIPTION OF DECONTAMINATION PROCEDURES 

The decontamination of the NUCLEAR FACILITY proceded in 

four stages.  

(1) decontamination of all liquid processing 

apparatus - pipes and containers, 

(2) consolidation and transfer of all SNM, 

(3) decontamination and disposal of service 

facilities and equipment, and 

(4) decontamination of walls and floors.  

Written procedures were prepared to cover all operations 

in Stages 1 and 2-. These are included in this report as 

Appendix B. The operations in Stages 3 and 4 largely involved 

the washing and disposing of low specific activity waste. The 

.- operations in Stages 3 and 4 were done on a case by cas- basis 

without written procedures but with close surveillance by man

agement and radiation safety personnel.  

The decontamination procedures in Stages 3 and 4 con

sisted primarily of washing every accessible surface with an 

ordinary industrial, high sudsing detergent* and hot water 

*WEDAC, West Chemical Products, Inc.

- 2 -



mixture and then rag wiping. Painted surfaces which resisted 

decontamination by this procedure-were scoured with the same 

mixture and an ordinary abrasive cleansing agent. This pro

cedure was effective on painted metal and masonry surfaces 

in all but one instance. In this instance, a wet abrasive 

grinder was required to reduce the contamination on a portion 

of the masonry floor to below the limits recommended in the 

Guidelines.(') All wash water was sorbed on vermiculite and 

shipped to an authorized disposal site for burial*. Contam

inated buckets, sponges, rags, etc., were similarly disposed.  

All surfaces were presumed contaminated initially. They were 

monitored for fixed and removable contamination after decon

tamination.  

Following decontamination of the walls and appurtenances 

above the floor lines, the floor itself was decontaminated by 

,-stripping the wax from the vinyl floor covering. Wheremer 

this procedure failed to reduce the contamination level to 

below the Guideline limits, the floor covering material was 

excised and discarded. All waste water from the floor cleaning 

was sorbed on vermiculite and along with buckets, sponges, rags, 

etc., was shipped to an authorized disposal site for burial.  

*All LSA waste was consigned to Hittman 
Nuclear and Development Corp.



3. SURVEY PROCEDURES 

Subsequent to decontamination the entire facility was 

surveyed to determine the presence and amount of any remain

ing contamination. An Eberline Model PAC-4G portable, gas

flow proportional counter was used to monitor for the total 

contamination remaining on the walls and floors. The count 

rate indicated by the survey instrument was calibrated to 

compensate for back reflection using Eberline Model S94-3 

Calibration Standards. The meter indication was corrected 

manually for background geometry and probe area to obtain 

the measured activity in disintegration per minute per 100 

Cm2.  

Removable contamination was estimated by taking smear 

samples with filter paper and counting the transferred 

activity using a Nuclear Measurements Corporation, Model 

'.-PC-4 gas-flow proportional counter. The measured count.-

rate was manually corrected for background and counting 

and transfer efficiency.  

The same monitoring techniques were used to estimate 

the contamination present on equipment released for unre

stricted use, for equipment scrapped and disposed and in 

air ducts and waste lines.

-4-



4. SURVEY RESULTS 

The average total activity on the walls and floor of 

the Restricted Area was less than 675 dpm per 100 cm2 . The 

maximum total activity measured was less than 12,000 dpm per 

100 cm2 . This occurred in only a very localized area on one 

wall.  

The average level of removable activity in the Restricted 

Area was less than 110 dpm per 100 cm2 . The maximum amount of 

removable contamination detected was 241 dpm per 100 cm2 .  

The results of all the instrument and smear measurements 

are included as Appendix C to this Report.  

REFERENCE 

(1) U.S.A.E.C., Division of Materials Licensing, "Guidelines 

-- - for Decontamination of Facility and Equipment PriwU to 

Release for Unrestricted Use or Termination of Licenses 

for Byproduct, Source or Special Nuclear Material", 

22 April 1970.
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APPENDIX A 

DESCRIPTION OF NUCLEAR FACILITY 

FROM 

SNM 840 LICENSE APPLICATION



V:1 

3.. cntzcoi-.1-ýT1c Wac4ington Research Center is located ihia 1 
rural area i1n F.owrarj 'CountY, Maryland. Clarksville. is three miles 

to-the wiest, Simpscnville is two miles to the east. Fldward County ..  

is substantially rural, the principal urban area in the. couz~ty is 

Columbia' (With a popoulation of 18,-000) 'located four miiles northeast 

o-th Washin-gton Reaearch Centear. The Washinvrton Research Center 

employs approximzately 500 .people. -I 

3.2 -Site De Scr~inti. ýn--The Center-is iccatea on a 14T acie tract Ir 

off rolling farm'arna Wcoded land with northern most vart off the acreage 

* extending across a section of the lUiddle Patuxent River. The topo

graphic map, Figure 3.2, shows the site and the building arrangement.  

3.3 . Descrimti4on c fzites-Te facilities in which the. in~creased 

* quantities of special nuclear materials under this arnendment., are to 

be stored and processes are located in au-thorized areas in Bldg. 16--A 

and Bldg. 20 'shown on Figurre 3.2. Small quantities,, such as wast e 

may be stored in steel drurms for -a pettiod-r-6t ~to exceed T2 hour s, in the 

*enclosed yard' area., outside off Bldg;. 16-A.' 

3.4 The M~edical Denartment., First Aid Room. and Health and Safety 

DepDartment are located in Bldg. 2 shown in Figure 53.2. The asse.-mbly 

area for the Bldg. 16 complex is located in the Lobby Conference 

RooZI of Bldg-. 2, -,here tLhe emergency cache is located. Emergency 

equipment is located in th~ene varicids offices.  

3.5 The'ncrrmal S:::. znmples are analyzed in -the analytical 3labora

tories., see Fi~ure 3.2. Special samples are run in supporting.  

laboratCori-es.  

Re-. SIon !I. 2 Date 3/~7 Pg 

Dozc!;,, Nlo. 70-456
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Special nuclear material may be found. one other .location 
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APPENDIX B 

SPECIAL INSTRUCTIONS FOR WET-END CLEAN-UP 

AND 

LIQUID SCRAP/WASTE DISPOSAL



SPECIAL INSTRUCTIONS 

FOR 

CLEAN UP OF THE NUCLEAR FACILITY



SPECIAL INSTRUCTIONS

for 

WET END CLEAN-UP 

1. GENERAL 

All process piping and vessels will be cleaned by flushing 

with 3 N. nitric acid and then rinsing twice with deionized 

water. The adequacy of this procedure will be checked by anal

yzing a sample of liquid from the second rinse cycle. The pro

cess piping will be modified to permit the transfer of wash and 

rinse liquids directly to the Boildown apparatus Feed Tanks 

10-37A or l0-37B from tank 10-Il.



3. SPECIFIC INSTRUCTIONS 

CAUTION: All solutions drained from the equipment during 

the execution of these instructions must be collected in 

critically safe, less than five inch diameter containers.  

No solution may be drained from the critically safe geometry 

system unless specifically instructed to be by these instruc

tions or authorized by the Foreman.  

3.1 Drain all "heels" from the process lines and charge 

the drained liquids to the Boildown apparatus.  

3.2 Clean the Dissolver assembly.  

3.2.1 Carefully charge the Dissolver (13-1) with 

2 + 0.2 liters of deionized water and 3 + 0.2 

liters of concentrated HNO3 .  

3.2.2 Turn on the agitator and circulating pump.  

Circulate the acid wash solution through the 

Dissolver assembly piping for a minimum of 

30 minutes.  

3.2.3 Drain from 0.5 to I liter of acid wash.-Oolu

tion through each drain or sampling valve and 

return the drained wash liquid to the Dissolver.  

3.2.4 Stop the agitator and transfer the acid wash 

solution to tank 10-3A.  

3.2.5 Repeat 3.2.1 through 3.2.4 eight more times 

until a total of 45 liters of acid and water 

has been charged.



3.2.6 Add 5 liters of deionized water to the 

Dissolver (13-1).  

3.2.7 Start the agitator and circulating pump; 

Circulate the rinse water for a minimum of 

30 minutes as in 3.2.2.  

3.2.8 Drain from 0.5 to 1 liter of rinse liquid 

through each drain or sampling valve and 

return'the drained rinse liquid to the Dis

solver.  

3.2.9 When tank 10-3A is empty, stop the agitator 

and then transfer the rinse liquid to tank 

10-3A.  

3.2.10 Repeat the rinse procedure steps 3.2.6 to 

3.2.9. Remove a 100 + 10 ml sample of the 

rinse liquid from the second rinse cycle 

before transfer to 10-3A and request analysis 

for uranium.  

3.3 Clean dilution tanks: 10-3A, 10-3B, and 10-3C.  

3.3.1 Circulate the acid wash solution in 10-3A 

through 10-3A for a minimum of 30 minutes.  

During the circulating period, drain 0.5 to 

1 liter of the acid wash through each drain 

and sampling valve. Return the wash liquid 

to tank 10-3A.



3.3.2 Transfer the acid wash liquid from 10-3A to 

10-3B.  

3.3.3 Circulate the acid wash in 10-3B for a minimum 

of 30 minutes. During the circulating period, 

drain 0.5 to 1 liter of acid wash through each 

drain and sampling valve. Return the drained 

wash solution to tank 10-3B.  

3.3.4 Transfer the acid-wash from 10-3B to 10-3C and 

repeat step 3.3:4 in 10-3C.  

3.3.5 Transfer the acid wash solution from tank 10-3C 

to tank 10-4.  

3.3.6 Fill tank 10-3A to a height of 140 to 145 inches 

with deionized rinse water.  

3.3.7 Circulate the rinse water in tank 10-3A for a 

minimum of 30 minutes. During the circulation 

period, drain 0.5 to 1 liter of rinse water 

from each drain and sampling valve and,-teturn 

the drained rinse water to tank 10-3A.  

3.3.8 Transfer the rinse solution in 10-3A to 10-3B 

and circulate and drain valves as described 

in 3.3.7 for tank 10-3A.  

3.3.9 Transfer the rinse solution from 10-3B to 10-3C 

and circulate and drain valves-as described in 

3.3.7 for tank 10-3A.



3.3.10 When 10-3C has been cleared of rinse water, 

refill 10-3A with deionized water as described 

in 3.3.6 and repeat the procedures described 

in 3.3.7, 3.3.8 and 3.3.9. Remove a 100 to 

-125 ml sample from this second rinse charge 

after circulation in each tank and request 

an analysis of this sample for U-content.  

3.4 Clean the catholyte system of the dialysis apparatus.  

3.4.1 Bypass the dialysis cell and circulate the 

acid wash solution in tank 10-4 through the 

Heat Exchanger (02-3) and the Aereator (10-5) 

assemblies for a minimum of 60 minutes.  

During the circulating period, drain 0.5 to 

1 liter of acid wash solution through each 

drain and sample valve. Return the drained 

acid wash solution to tank 10-4.  

3.4.2 Periodically open the by-pass lines around 

the Heat Exchanger and Aereator assemblies 

and flush these lines with the acid wash 

solution.  

3.4.3 At the end of the circulating period, transfer 

the acid wash solution to tank 10-10A.  

3.4.4 Transfer the rinse water in tank 10-3C to 

tank 10-4.



3.4.5 Circulate the rinse water through the 

catholyte system as described in steps 

3.4.1 and 3.4.2 for the acid wash solu

tion.  

3.4.6 Transfer the rinse water to tank 10-10A as 

soon as this tank is cleared of acid wash 

solution following the same procedure used 

in step 3.4.4.  

3.4.7 Transfer the second charge of rinse water 

from 10-3C to 10-4 and process as described 

in steps 3.4.5 and 3.4.6 for the first rinse.  

Remove a 100 to 125 ml sample from the second 

rinse at the conclusion of the circulating 

period and request analysis of the sample 

for U-content.  

3.5 Clean the sol storage tanks 10-10A and 10-10B.  

3.5.1 Circulate the acid wash in tank 10-10A for 

a minimum of 30 minutes using pump 03-.  

During the circulation period, drain 0.5 

to 1 liter of acid wash solution through 

each drain or sampling valve. Return the 

drained solution to 10-10A.  

3.5.2 Transfer the acid wash solution to tank 10-IOB 

using pump 03-9 and repeat the procedure 

described in 3.5.1 in tank 10-10B.



apparatus feed tanks 10-37A or l0-37B using 03-10 

and a temporary line connected between the filter 

assembly (06-5B) and the discharge side of the 

feed pump on the Boildown apparatus.  

3.6.4 Drain the Constant Overflow Tank (10-12) through 

the line to the sol feed pump as instructed in 

3.6.2. Add the solution drained from 10412 to 

the Waste Receiving Funnel on the Boildown 

apparatus.  

3.6.5 Repeat 3.6.1 to 3.6.4 with each volume of rinse 

water as it is transferred to 10-11. Remove a 

100 to 125 ml sample from the second rinse and 

request analysis of the sample for U-content.  

3.6.6 Operate the Boildown apparatus as per SOP #11 

except for the instruction in par. 8.B.9. Instead 

continue to operate the apparatus until the con

centration of uranium in the bottoms is between 

125 to 150 gs/l and then unload. "-.



SPECIAL INSTRUCTIONS 

FOR 

CATEGORIZING AND DISPOSITIONING

LIQUID WASTES



LIQUID WASTE CATEGORIES

Liquid wastes generated and presently stored in the Nuclear 

Facility may be divided into three categories for the purposes of 

processing for recovery or disposal as follows: 

Category I 

This category of waste liquids includes all waste liquids 

that are highly concentrated with respect to uranium and can 

packaged for shipment for recovery without further processing.  

Category 2 

This category includes all waste liquids that are dilute 

with respect to uranium and are contaminated with other liquids 

so as to preclude economic recover of the contained uranium.  

Waste liquids in this category can be packaged by SOP and 

disposed of by burial at authorized disposal sites.  

Category 3 

Waste liquids in this category are of intermediate concentrations 

"with respect to uranium and will be converted to Categofy 1 

waste before being packaged and shipped for recovery. The con

version to Category 1 waste will be done by concentrating using 

the boildown apparatus. Waste liquids in this category are of 

two types: 

Type A - liquid without sludge 

Type B - liquid with a precepitate or sludge 

Special Instructions have been prescribed for the disposition 

of all waste liquids in each of these categories.



SPECIAL INSTRUCTIONS 

for 

PACKAGING Category 1 LIQUID WASTES 

I. GENERAL 

Category I liquid wastes in nominal 12 liter, polyethylene 

bottles (NFS, Inc. Drawing #5B-U-740) may be loaded directly into 

Model WRG-IO Cl packaging for transport after they have been sampled 

and reweighed.



III. DETAILED INSTRUCTIONS 

CAUTION: Do not remove the storage containers from their bird

cage assemblies except to place them in the shipping container 

in the Packaging Area.  

A. Select one (1) storage container of Category I liquid waste 

and transfer it to the Packaging Area.  

B. Open the storage container and remove a 25 ± 5 ml sample 

representative of the container's contents. Complete an 

Analytical Request and Material Transfer form and obtain an 

analysis of the sample for U-content.  

C. Close the storage container and redetermine its gross weight.  

NOTE: The "gross weight" equals the weight of the closed 

container, labels and contents..  

D. Remove the old label and relabel with the revised information.  

E. Transfer one (1) Model WRG-10 Cl package to the Packaging Area 

and load the nominal 12 liter, polyethylene bottle storage 

-•--container into the package per SOP #18.  

F. Close and seal the completed package and store it in the MBA 

#1 cage until transport arrangements are completed.



SPECIAL INSTRUCTIONS 

for 

PACKAGING Category 2 LIQUID WASTES 

I. GENERAL 

Category 2 waste liquids may be absorbed on vermiculite in 

DOT Specification 6j, 17C or 17H, 55 gallon capacity containers 

per SOP #17 after they have been sampled and the U-Content has been 

confirmed by analysis.



SPECIAL INSTRUCTIONS 

-for 

CONCENTRATING Category 3A and 3B LIQUID WASTES 

I. GENERAL 

Category 3A and 3B liquid wastes presently stored in nominal 

12 liter, polyethylene bottles will be charged to the Boildown 

apparatus and concentrated to convert them to Category 1 liquid 

wastes which then can packaged and shipped for recovery.



III. DETAILED INSTRUCTIONS 

A. Category 3A waste liquid. (NOTE: Category 3A liquid wastes 

include all Category 3 waste liquids in storage containers 

which do not also contain a visible precipitate or sludge.) 

1. Transfer the Category 3A waste-liquid from the storage 

torpedo (nominal 12 liter, polyethylene bottle) or 

5 gal. plastic carboy to the Waste Receiving Funnel on 

the Boildown apparatus.  

(a) Construct a transfer assembly comprised of one (1) 

Master-flex pump, a length of 3/8 inch diameter Tygon 

tubing sufficient to reach from the torpedo dip tube 

to the pump and then the Waste Receiving Funnel on 

the Boildown apparatus and a length of stainless steel 

tubing sufficient to reach the bottom of a standard 

torpedo.  

(b) Select a storage container of Category 3A waste liquid 

and move the container to the vicinity of the Boildown 

apparatus and transfer assembly. CAUTION: Do not 

remove the torpedoes from the bird-cage assemblies.  

(c) Open the torpedo start the pump on the transfer 

assembly and-use the stainless steel dip tube to remove 

the waste liquid and transfer it to the Boildown 

apparatus. Periodically operate the Boildown apparatus 

feed pump to move waste liquid accumulating in the 

receiving funnel to the feed tank 10-37A or 10-37B.



(d) Rinse the outside of the dip tube and the inside 

of the storage container twice with 1 to 2 liters 

of deionized water. Transfer the rinse liquid to 

the boildown apparatus as described in III.A.l(c).  

(e) When all the waste and rinse liquid has been trans

ferred from the storage.container, remove the SS-10 

and special label, close the container, wipe the 

outside clean of any contamination and return the 

container to the Interim Storage or shipping con

tainer as required.  

2. Repeat llI.A.l(a) to III.A.l(e) until all of the Category 

3A waste has been transferred to the boildown apparatus 

feed tanks 10-37A or 10-37B.  

3. Operate the boildown apparatus per SOP #11 except for the 

instruction in par. 8.B.9. Instead, continue operation 

until the concentration of uranium in the bottoms equals 

125-150 gs/l and then unload.  

B. Category 3B waste liquid. (NOTE: Category 3B liquid-waste is 

liquid wastes in containers which also contain a visible sludge 

or precipitate.) 

1. Transfer the supernatant liquid from a Category 3B liquid 

waste from the storage container to the boildown apparatus 

using the procedure described in III.A.l(a) to III.A.l(e).  

Retain as much of the sludge as possible in the storage 

container. Do not transfer the sludge to the boildown 

apparatus. Label the storage container "#I".



2. Repeat III.B.l with a second container of Category 3B 

liquid waste.  

3. Slurry the sludge in the bottom of the second container 

with added deionized water and then transfer the slurry 

to storage container #1 using the transfer assembly.  

4. Inspect the container and assure that all of the sludge 

has been transferred.  

5. Rinse the outside of the dip tube and the inside of the 

storage container with 1 to 2 liters of deionized water.  

Transfer the rinse water to the Boildown apparatus per.  

the procedure described in III.A.l(c).  

6. After inspection to assure that all of the sludge and 

rinse water has been emptied from the storage container, 

remove the SS-10 and special labels, close the container, 

wipe the outside clean of contamination and return the 

empty container in its birdcage assembly to the Liquid 

Waste Storage Area.  

s.... 7. Remove a 20 to 25 ml representative sample frog.the 

contents of storage container #1 and request analysis 

of the sample for U-content.  

8. CAUTION: The contents of storage container #1 must con

tain less than 350 g/l of uranium as shown by the results 

of the sample analyzed in step III.B.7. If the analysis 

indicates a U-content greater than 350 g/l, no further 

sludge additions to storage container #1 shall be made.  

Repeat III.B.2 and III.B.5 with each remaining container

)



of Category 3B liquid waste until all of the supernatant 

liquid has been charged to the Boildown apparatus and 

all of the sludge has been accumulated separately.  

9. Operate the Boildown apparatus per SOP #11 except for 

the instruction in par. 8.B.9., Instead, continue to 

operate the apparatus until the concentration of uranium 

in the bottoms equals between 125 and 150 g/l and then 

unload.

,)
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STANDARD OPERATING PROCEDURES

PACKAGING OF LIQUID WASTES 

1. Purpose 

To establish the procedure for packaging liquid wastes 

for shipment.  

2. Area 

All packaging of liquids are to be at the west end of 

Building 16-A.  

3. General 

A quantity of liquid waste is transferred from a storage 

container into a tared container. After the transfer the con

tainer is weighed, capped and sealed, and sealed in a plastic 

bag. The sealed container is placed into an approved shipping 

container. The shipping container is closed and made ready 

for shipment.  

4. Health & Safety 

4.1 Wear protective gloves, safety glasses and protective 

clothing.  

4.2 Report all spills and follow the cleanup SOP.  

4.3 Monitor for airborne contamination throughout the opera

tion.

July,9, 1973
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4.4 No hazardous chemicals are involved.  

5. Materials 

For each shipping container.  

5.1 Two 1/2 gallon plastic bottles and caps.  

5.2 Plastic tape for sealing the bottle caps.  

5.3 Labels for the plastic bottles (SS-10).  

5.4 Plastic bags for each plastic bottle.  

5.5 One cork, round-bottom, flask holder.  

5.6 Two wooden discs; 1 inch thick, 4-3/4 inch in diameter.  

6. Major Equipment 

6.1 Masterflex pump in a shallow tray (1-1/4" max. depth) 

with inlet and outlet hoses.  

6.2 Weighing scale with check-weight.  

6.3 Approved shipping containers.  

7. Analytical 

None.  

8. Procedure 

A. Equipment Checks 

1. Leak check the Masterflex pump and hoses. Record 

the results of the check on the data sheet.



STANDARD OPERATING PROCEDURES 
Packaging of Liquid Wastes 
Page 3 

2. Check the weighing scale by placing the check-weight 

on the scale. Record the actual weight of.the check

weight and the measured weight of the check-weight on 

the data sheet.  

3. Inspect the inside of the shipping container for 

cracks or other potential sources for leaks. Record 

the results of this inspection on the data sheet.  

Also record the number of the shipping container.  

B. Filling the Inner Container 

NOTE: These operations are to be completed for each 
shipping container.  

1. Place the storage container adjacent to the Masterflex 

pump. Record the container number, weight of contents, 

and U concentration on the-data sheet. These data are 

to be taken from the label of the storage container.  

2. Label and number a 1/2 gallon plastic bottle and 

then tare weigh the empty bottle and cap. Record 

the number and tare weight on the label and on the 

data sheet. Place this bottle in a shallow tray.  

3. Insert the Masterflex inlet and outlet hoses into 

the storage container and circulate the waste for
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a minimum of 30 minutes for mixing.  

4. After mixing, shutoff the pump and transfer the 

outlet tube to the tared plastic bottle.  

5. Start the pump and fill the plastic bottle, con

trolling the flow to avoid overflow by means of 

the valve in the outlet hose.  

6. When the plastic bottle is filled, shutoff the 

pump and transfer the outlet hose to the next 

tared plastic bottle.  

7. Weigh the filled plastic bottle (including cap) 

and record the weight on the data sheet.  

8. If the storage container empties before a plastic 

bottle is full, weigh the partially filled boJtle g 
(including cap) and record the weight on the data 

sheet. Then start on a new storage container and 

repeat Steps A-3 and B-1 through B-7 

9. When the plastic bottle is filled, cap the bottle 

tightly.
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10. Request that Accountability complete the label.  

on the plastic bottle based upon the information 

on the data sheet.  

11. Torque the cap of the plastic bottle to 15 foot 

pounds and seal it with tape. Place the plastic 

bottle inside a plastic bag and seal the bag with 

tape. Load the bottle into the approved shipping 

container as described in C below.  

12. Repeat Steps B-2 through B-ll until two plastic 

bottles are sealed in plastic bags and loaded into 

the'shipping container.  

C. Loading the Shipping Container 

1. Open the shipping container.  

2. Examine all parts of the container and be certain 

each is in good repair. Carefully inspect the 

5-inch diameter-pipe, inner container walls. There 

must be no evidence of corrosion or thinning.  

CAUTION: Do not use any container that is clearly 

damaged or which is suspected to be defective. Note 

any observations in this regard on the data sheet
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and have Engineering review and recommend action 

regarding the disposition of any suspect parts.  

3. Place one of the 1-inch by 4-3/4 inch diameter 

wood discs in the bottom of the 5-inch diameter 

pipe inner or primary container.  

4. Place one of the filled and bagged plastic bottles 

into the inner container on top of the wood disc.  

Be careful to place the taped portion of the plastic 

bag to one side of the neck of the bottle.  

5. Locate one of the cork, round-bottom, flask supports 

on top' and around the neck of the plastic bottle in 

the inner container.  

6. Place a second filled *and bagged plastic bottle in 

the inner container on top of the first.  

7. Place one (1) 1-inch by 4-3/4 inch wood disc on top 

of the second plastic bottle.  

8. Cap the inner container tightly. NOTE: The 5-inch 

pipe inner container is the primary containment in 

the event one of the plastic bottles should open or
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break. This cap must be tightly fastened to 

prevent leakage in the event of such an Occurrence.  

9. Pack vermiculite level with the top of the drum.  

10. Place the 1/8 inch asbestos sheet on top.  

11. Close the drum.  

12. Record on the data sheet the date that the drum 

was closed.  

13. Repeat the complete procedure for each shipping 

container.  

14. Not more than 18 shipping containers are permitted 

in one location.  

-D. Empty Bottles 

1. Upend each empty storage container over a 1/2 gallon 

plastic collecting bottle and let it drain for at 

least 30 minutes.  

2. Pour the contents of the collecting bottle into the 

1/2 gallon plastic bottle to be filled for shipping.
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3. Inspect each empty storage container carefully to 

be sure it is free of solids particularly in the 

bottom. If solids are present, rinse with a small 

quantity of solution. Add..the rinse solution to 

the contents of the collecting bottle.  

4. Place the drained storage containers into plastic 

bags for disposal.  

E. Shutdown Procedure 

Wash the pump and hoses with water and'dispose of 

the water as directed by Health & Safety.

t



PACKAOING OF LIQUID WASTE FOR SHIPPING

DATA SHEET - SHIPPING CONTAINER NO.  

INSPECTIONS: (1) Leak Check Pump & Tubing: Results 
(2) Scale Check: Results 
(3) Check of Shipping Container: Results 

IDENTIFICATION OF STORAGE CONTAINERS: From which waste is transferred 

DATA FROM CONTAINER LABEL SC-l SC-2 .,SC-3 

Container Number 
Wt. of Contents I 
U Concentration of Contents 

Inner Wt. After Wt. After Wt. After 
Container Receiving Receiving Receiving Net Wt.  

_ ... ._No. Tare From SC-I From SC-2 From SC-3 Contents 

1st Inner Container 

2nd Inner Container ....  

3rd Inner Container I

DATE SHIPPING CONTAINER CLOSED 
j OPERATOR'S NI•.NE

N



.APPENDIX C 

TOTAL AND REMOVABLE CONTAMINATION 

IN RESTRICTED AREA AFTER DECONTAMINATION
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Analyses of samples and interpretation of data from this survey have 5 
not been completed. However, this preliminary report of survey findings 

has been prepared because of current interest in the radiological 

conditions of Sheffield Brook and the adjacent areas. Additional results 

will be incorporated into a final report as they become available. It is 5 
not anticipated that these: idditional re'uts:'w-ill substantially alter 

the evaluation of radiological conditions as presented here.  
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RADIOLOGICAL SURVEY 
OF 

SHEFFIELD BROOK 
Wayne, New Jersey 

INTRODUCTION 

In 1948, Rare Earths, Inc., of Wayne, New Jersey, began processing 

monazite sand to extract thorium and rare earths. The facility was aquired 

by the Davison Chemical Division of W.R. Grace in 1957; thorium ore 

processing activities continued until July 1967. The plant was permanently 

closed in April 1971. In 1974, Applied Health Physics Inc. decontaminated 

the site and the property was released by the Nuclear Regulatory Commission 

(NRC) for unrestricted use in January 1975. The buildings are currently 

occupied by Electro-Nucleonics Inc., under a long-term lease.  

Solid wastes containing low (less than approximately 5%) 

concentrations of thorium were disposed of by on-site shallow land burial, 
1 

in accordance with the regulations in effect at that time. Although 

detailed records of quantities and compositions of waste are not available, 

W.R. Grace has estimated that approximately 9 x 10 4 kg of 

thorium-containing residues and slightly contaminated debris have been 

buried on the property. Potentially contaminated liquid wastes were 

monitored to assure that radionuclide concentrations were within the 

regulatory limits for release before they were discharged into a small 

drainage ditch that flows through the site.  

In January 1981, as part of a review of formerly licensed facilities, 

the Nuclear Regulatory Commission measured direct radiation levels and 

radionuclide concentrations in soil on the W.R. Grace property. The 

results of these measurements indicated that exposure rates and soil 

contamination levels exceeded the present criteria for unrestricted use of 

the site. At the request of the State of New Jersey and the U.S.  

Environmental Protection Agency, an aerial radiological survey of the site 

and adjacent areas was conducted by EG&G in May 1981. This survey 
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identified elevated radiation levels, both on the W.R. Grace site and west 
2 

of the site, along Sheffield Brook. The NRC performed follow-up 

measurements along the brook in November 1981 and noted radiation levels up 

to 200 lrem/h and elevated concentrations of thorium in bank soil and 

stream sediment.3 

At the request of the NRC Division of Fuel Cycle and Material Safety, 

a radiological survey of the Sheffield Brook area was conducted April 26

May 1, 1982 by the Radiological Site Assessement Program of Oak Ridge 

Associated Universities (ORAU), Oak Ridge, Tennessee. This report presents 

the preliminary findings of that survey.  

SITE DESCRIPTION 

The W.R. Grace property is located at 868 Black Oak Ridge Road about 

2 km east of Pompton Plains and 3 km north of Wayne, in the northeast 

corner of New Jersey (Figure 1). Pompton Plains is situated in Passaic 

County on the west bank of the Pompton River while the W.R. Grace property 

and Wayne are located in Morris County, east of the river. The site 

occupies approximately 2.6 hectares most of which are surrounded by a chain 

linic security fence. Two office buildings and a warehouse are the main 

structures on the site. The eastern and northern sections of the site are 

wooded with heavy brush and weeds along a small drainage stream. The land 

generally slopes toward the west and northwest.  

The small drainage stream enters the site near the southeast corner of 

the site. This stream flows north; then turns west. Prior to leaving the 

property, the stream enters a conduit. This conduit carries the water into 

a mixing tank where it is combined with the overflow from an on-site 

artesian well. The water then flows under the facility's north parking lot 

to Black Oak Ridge Road where it is joined by two storm sewer lines. It 

resurfaces as Sheffield Brook after running west beneath Pompton Plains 

Cross Road for approximately 150 m.  
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From this point, it flows southwest for approximately 200 m in a 

straight channel or ditch. Dense stands of brush, 5 m deep on both sides 

of the bank, make access to the stream difficult. Beyond the stands of 

brush the land becomes open field containing scattered trees and tall 

grass. Approximately midway along this straight channel, the brook is 

joined by a small stream originating southwest of the W.R. Grace property 

from the combined discharges of two storm sewer systems. Small mounds of 

soil, apparently resulting from periodic dredging of the stream bed, are 

scattered along the banks this section of the brook.  

At the end of the straight channel, Sheffield Brook turns west and 

continues in that direction until it passes under Farmingdale Road. The 

bank on the south side of the brook in this area rises sharply for about 

5 m and is covered by brush and trees. The land north of the brook 

consists mostly of low soggy field subject to periodic overflow. West of 

Farmingdale Road the brook turns south and flows through a public park for 

approximately 150 m until it empties into the Pompton River. The eastern 

edge of the brook is overgrown with brush and trees, while the western bank 

is comparatively accessible from the park property. Figure 2 shows the 

location of Sheffield Brook and associated drainage streams.  

SURVEY PROCEDURES 

Objfectives 

The objectives of this survey were to determine: 

1. direct radiation levels along Sheffield Brook, and 

2. concentrations of radionuclides in soil, sediment, water, and 

vegetation from the vicinity of the brook.
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The survey plan included the following activities:

1. Monitoring of gamma radiation levels at the ground surface along 

the banks of Sheffield Brook and associated streams.  

2. Exposure rate measurements at 1 m above the surface for selected 

points along the brook.  

3. Dose rate measurements at 1 am above the surface for each of the 

locations at which gamma measurements at 1 m were taken.  

4. Collection of surface soil and subsurface soil along Sheffield 

Brook and associated streams.  

5. Collection of sediment samples along Sheffield Brook and its 

associated streams as well as five locations in the storm sewer 

system flowing into Sheffield Brook.  

6. Collection of water samples from streams, storm sewers and local 

wells.  

7. Collection of vegetation samples along the brook.  

8. Collection of samples and measurements at off-site locations to 

provide baseline data for comparison.  

Measurement of Direct Radiation 

Using NaI(Tl) gamma scintillation ratemeters, walkover surface scans 

were performed to approximately 10 m on either side of Sheffield Brook from 

Pompton Plains Cross Road to the Pompton River. General radiation levels 

and locations of significantly elevated levels were noted.  
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The brook was divided into 50 m intervals. At each of these 

intervals, exposure rates at 1 m above the surface were systematically 

measured at the edge of the brook and at 5 and 10 m from the edge.  

Measurements were also performed where the brook entered or exited 

conduits. These measurements were performed with NaI(Tl) scintillation 

ratemeters field-calibrated using a pressurized ionization chamber.  

Beta-gamma dose rates at 1 cm above the surface were measured at each 

location where the 1 m gamma exposure rates were measured. These 

measurements were performed using G-M detectors and scalers. To evaluate 

contributions from both penetrating and non-pentrating radiations the 

measurements were made with the probes in both the open- and closed-shield 

configurations.  

Three 50 m intervals were established along the small drainage stream 

which joins Sheffield Brook about 100 m southeast of Pompton Plains Cross 

Road. Surface gamma levels were monitored by a walkover scan. Exposure rate 

and dose rate measurements at 1 m and 1 am, respectively, above the surface 

were performed at 50 m intervals along the stream bank.  

A walkover surface gamma survey was performed along three small 

drainage streams that join Sheffield Brook west of Farmingdale Road.  

Soil Samnlina 

Systematic surface (0-5 cm) soil samples were collected from both 

banks of Sheffield Brook at 50 m intervals and at least one additional 

surface sample was collected from each bank. These samples alternated 

between 5 and 10 m from the stream edge. Surface samples were also 

collected at 50 m intervals along the edge of the stream flowing into 

Sheffield Brook near Pompton Plain Cross Road, one of the drainage streams 

west of Farmingdale Road, and at several additional locations along the 

brook.  
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Systematic subsurface (30 cm, 60 am, and 90 cm) samples were collected 

from 14 of the locations where systematic surface samples were obtained, at 

100 m intervals and on alternating sides of the brook. The majority of 

these sampling locations were 5 or 10 m from the brook edge, however, 

several were considerably further (up to approximately 100 m) from the 

brook.  

Biased surface and subsurface soil samples were collected from 30 

locations indicated by the walkover survey to have elevated radiation 

levels.  

Surface soil samples were collected using a garden trowel from which 

residual soil was cleaned between samples. Subsurface samples were 

collected from 15 cm diameter holes drilled with a portable motorized 

auger. Soil sampling locations are indicated in Figures 3, 4, 5.  

Water Samplinz 

Surface water samples were collected at four locations along Sheffield 

Brook; the discharge from the W.R. Grace site, 100 m and 500 m upstream and 

downstream of Sheffield Brook on the Pompton River; and three locations on 

a small farm on the north side of Pompton Plains Cross Road. Water samples 

were also collected from five locations in the storm drain system feeding 

Sheffield Brook. Samples of well water were collected from the farm north 

of Pompton Plains Cross Road and from five local residents. Locations of 

these water samples are indicated on Figures 5 and 8.  

Vegetation Sampling 

Vegetation samples were collected at five locations in the vicinity of 

Sheffield Brook (see Figure 5). The samples consisted of grass, weeds, and 

other plants characteristic of the selected location.  
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Baseline and Backaround Measurements

Five soil samples, two water samples, and one vegetation sample were 

collected at locations approximately 0.25 to 10 m from the W.R. Grace and 

Sheffield Brook sites. Measurements of direct background radiation levels 

were performed at the locations of the soil samples. Figure 9 indicates 

the locations of these baseline samples and background measurements.  

Eguipment and Analytical Procedures 

Appendix A contains a list of the major equipment and instrumentation 

used for this survey. Analytical procedures are described in detail in 

Appendix B.  

RESULTS 

Background Radiation and Baseline Concentrations 

Background exposure rates in the Wayne-Pompton Plains, New Jersey, 

area ranged from 6 to 12 pR/h; surface beta-gamma dose rates ranged from 16 

to 38 wrad/h.  

Baseline radionuclide concentrations in soil, water, and vegetation 

are presented in Table 1. The concentrations in these samples are typical 

of those normally encountered in such media.  

Direct Radiation Levels 

Surface Survey 

Surface exposure rates measured during the walkover scan ranged from 

6 pR/h (background) to 423 UR/h. The highest levels were noted in two 

general areas. The first was a strip, approximately 5 m wide and 200 m 
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long on either side of Sheffield Brook, from Pompton Plains Cross Road to 

the end of the straight channel. Along this portion of the brook, elevated 

radiation levels were often associated with small piles of earth believed 

to be tne result of dredging the stream. The two highest levels noted in 

this region, 423 pR/h and 365 IjR/h, were associated with such piles. The 

other area was on the north side of Sheffield Brook, approximately 100 m 

east of Farmingdale Road. Exposure rates up to 423 VR/h were measured in 

the latter region.  

The surface radiation levels along the brook were considerably lower 

west of Farmingdale Road. Only one sizable area along this section of the 

brook had elevated exposure levels. This was the area just south of the 

park access road and west of the footpath. Exposure rates in the area, up 

to 269 pR/h, resulted from a localized area of contamination. The slope of 

the land at this location is such that contamination here is not easily 

attributable to deposition from the brook.  

Of the small streams feeding Sheffield Brook, only the one north of 

the brook, between Farmingdale Road and the footpath, showed notably 

elevated exposure levels. The highest level along this stream, 115 uR/h, 

was noted in a small area approximately 5 m north of the brook.  

Figures 10 and 11 present the results of the surface scan in graphic 

form.  

Exposure Rates at 1 Meter 

Exposure rates measured systematically at 1 m above the ground at the 

edge of the brook ranged from 8 1iR/h to 173 pR/h, averaging 51 pR/h. At 

5 m from the brook the exposure rates ranged from 9 pR/h to 269 pR/h, 

averaging 58 pR/h; at 10 m from the brook the range was from 8 -R/h to 

250 pR/h, with an average value of 38 pR/h. The pattern of these 1 m 

exposure rates was very similar to the pattern of the surface exposure 

levels noted by the walkover scan. These 1 m exposure rates are presented 

on Figures 12 and 13.  
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Beta-Gamma Surface Dose Rates

The surface beta-gamma dose rates along Sheffield Brook are presented 

in Figures 14 and 15, and ranged between 16 to 948 prad/h. The levels 

showed a close correlation with the exposure rates at 1 m measured at the 

same locations. The absence of any significant difference between the open 

and closed-shield configurations indicated a negligible beta and low energy 

x-ray contribution.  

Radionuclide Concentrations in Soil Samples 

Radionuclide concentrations in surface and subsurface soils are 

presented in Tables 2 and 3. Elevated surface levels of Ra-228 and Th-228, 

representatives of natural thorium, are present over the entire length of 

Sheffield Brook and along one small associated drainage stream, adjacent to 

the township park. As with the direct radiation levels, elevated soil 

concentrations occurred more frequently along the portion of Sheffield 

Brook east of Farmingdale Road. The maximum Ra-228 and Th-228 

concentrations in surface soil were 734 and 722 pCi/g, respectively, at 

sample location 105. The general pattern is a decrease in radionuclide 

concentration with distance from the W.R. Grace property and from the edge 

of the brook. However, there are exceptions to this pattern e.g. samples 

131 and 135 collected comparatively close to the Pompton River both of 

which have Ra-228 and Th-228 concentrations above 100 pCi/g. Samples 

obtained along the storm drainage stream that joins Sheffield Brook south 

of Pompton Plains Cross Road and along the Pompton River were not 

significantly different from baseline levels.  

Subsurface soil concentrations generally decreased with depth, 

although there were several locations where the concentrations were 

slightly higher at 30 or 60 cm deep. Samples 112 and 113 from a depth of 

90 cm contained Ra-228 and Th-228 concentrations exceeding 100 pCi/g.  

Concentrations in other samples from this depth were considerably lower, 

most being in the range of baseline levels.  

Elevated concentrations of Ra-226 were also measured in samples 

containing high concentrations of thorium. The maximum Ra-226 level, 

9



46.8 pCi/g, was found in sample 105. Ra-226 concentrations were generally 

5-10% of the thorium levels in the elevated soil samples.  

There was good correlation between the results of the direct radiation 

surveys and the soil sample results. Locations of soil samples which 

exceed 5 pCi/g of Ra-228 (representative of the Th-232 level) are indicated 

on Figures 16 and 17.  

Radionuclide Concentrationi in Sediment Samples 

Radionuclide concentrations in sediment samples are presented in 

Table 4. Concentrations in these samples follow the general pattern of the 

bank soil samples, being higher along that portion of the brook between 

Pompton Plains Cross Road and Farmingdale Road. The maximum concentrations 

of Ra-228 and Th-228 (61.0 and 53.9 pCi/g respectively) were measured at 

sample location 16. At locations 8 and 9, where the small stream flows 

into Sheffield Brook, the radionuclide concentrations show a dramatic 

decrease. Physical or chemical conditions may be inhibiting the deposition 

or enhancing the clearance of radionuclides in the sediment at that 

location.  

Levels in sediment from the small stream entering Sheffield Brook 

south of Pompton Plains Cross Road were in the range of baseline soil 

samples. Levels in samples collected from the Pompton River upstream of 

Sheffield Brook were also in the range of baseline soil. Pompton River 

sediment samples downstream of the brook were slightly higher than the 

upstream samples, but they also were within the baseline range. No 

consistent pattern in the distribution of elevated sediment levels was 

identified. However, west of Farmingdale Road the maximum thorium 

concentrations were noted at locations 24 and 31, which are both areas 

where the brook flow suddenly changes due to bends or constrictions.  

Radium 226 concentrations in sediment did not exceed 5 pCi/g. Where 

elevated levels were noted they were generally less than 10% of the thorium 

concentrations.  

Dv-r
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Water Samples

Gross alpha levels measured in the water samples are presented in 

Table 5. These levels ranged from <0.7 pCi/l to 39 pCi/l. Gross alpha 

concentrations exceeding the 15 pCi/l guideline for drinking water, 

established by the Environmental Protection Agency (EPA), were noted in 

three samples. Two of these (samples 8 and 9 -- 29 and 19 pCi/l 

respectively) were collected from the storm sewer system close to the W.R.  

Grace Property. Sample 6, containing 39 pCi/l, was collected from the 

Pompton River approximately 100 m downstream from its confluence with 

Sheffield Brook. A duplicate sample is being collected from the latter 

location for analysis since this level is highly inconsistent with the 

others in Sheffield Brook and Pompton River.  

Additional analyses for specific radionuclides in these water samples 

are being performed.  

Vegetation Samples 

Radionuclide concentrations in the vegetation samples are presented in 

Table 6. Levels in sample 2 may be considered typical of those normally 

encountered in vegetation. Elevated concentrations of thorium were noted 

in all other samples, the highest levels being in samples 3 and 4 from 

areas having elevated exposure rates and high concentrations of 

radionuclides in the soil.  

Additional radionuclide analyses are being performed on these samples.  

SUMMARY 

At the request of the Nuclear Regulatory Commission, the ORAU 

Radiological Site Assessment Program conducted a radiological survey of 

Sheffield Brook and adjacent properties in Wayne, New Jersey. The findings

11



of this survey indicate the presence of thorium contaminated soil and 

sediment along this brook. The thorium contamination apparently originated 

on the W.R. Grace property located near the intersection of Black Oak Ridge 

Road and Pompton Plains Cross Road. Thorium bearing ores were processed at 

this site from 1948 to 1971. Some wastes from these operations still 

remain on the property. It is believed that small quantities of thorium 

have entered the brook via the storm drainage and waste treatment 

discharges over an extended time period to be deposited along the streambed 

and banks. Periodic dredging along the eastern portion of the brook has 

deposited additional thorium contaminated sediments on the bank.  

Direct radiation levels and radionuclide concentrations in the soil 

and sediment at many locations along Sheffield Brook exceed the guidelines 

proposed by the Nuclear Regulatory Commission for unrestricted land use.  

These guidelines, summarized in Appendix C, recommend maximum exposure 

rates of 10 pR/h above background and average natural thorium 

concentrations, i.e. Th-232 plus Th-228 in equilibrium with daughter 

products, of 10 pCi/g. It is estimated that 5000-10,000 cubic meters of 

soil must be removed from along Sheffield Brook to satisfy those 

guidelines.  

The survey findings also show that the thorium contamination is 

generally limited to a narrow strip, approximately 10 m maximum on either 

side of the brook and that the contamination is primarily - although not 

completely - in the surface soil. Low concentrations noted in the surface 

streams and well water from this area indicate low leachability of the 

radionuclides.  

While Ra-226 was also detected in elevated concentrations the levels 

are considerably less (5-10%) than the thorium concentrations. Since the 

recommended soil concentration guidelines for Th-232, Th-228, and Ra-226 

are the same, thorium is the major radioactive material of concern on this 

site.  

ORAFT
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FIGURE 1. Map of Northeastern New Jersey Showing the 

Location of the W.R. Grace Facility.

FIGURE 2. Portion of Wayne, New Jersey, Indicating the Locations of the 
W.R. Grace Property, Sheffield Brook and Associated Streams.
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TABLE 1

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL, 
VEGETATION, AND WATER SAMPLES

Sample Depth Radionuclide Concentrations (pCi/g)* 

Location (am) Ra-228b Th-228 Ra-226

Soila

BI - P.V. Park

B2 - McDonald Park 

B3 - Orth Ave.

B4 - Farmingdale Rd.  

B5 - Black Oak Ridge 
Rd.

Surface 
30 
60 
90 

Surface 
30 
60 
90 

Surface 
30 
60 

Surface 
30 

Surface 
30

Range

0.51 
0.72 
0.69 
0.45 

0.69 
1.00 
0.56 
0.72 

1.36 
1.17 
1.18

±0.230 
± 0.22 
± 0.21 
+ 0.33 

+ 0.25 
± 0.25 
± 0.23 
± 0.24 

+ 0.33 
± 0.23 
± 0.24

0.92 ± 0.32 
1.00 + 0.29 

0.85 ± 0.30 
0.91 + 0.29 

0.45 to 1.36

0.58 
0.80 
0.69 
0.54 

0.56 
0.71 
0.59 
0.66 

1.60 
1.39 
1 .31

+ 0.27 
± 0.21 
± 0.21 
± 0.17

± 
±+ 
..± 
± 

.'! 
± 
_±

0.23 
0.30 
0.18 
0.21 

0.31 
0.19 
0.19

1 .00 + 0.26 
1.21 + 0.28 

0.70 ± 0.21 
0.73 + 0.22 

0.54 to 1.60

0.47 
0.47 
0.49 
0.50 

0.45 
0.58 
0.37 
0.40 

1.13 
1 .34 
1.11

+ 0.15 
± 0.22 
± 0.13 
± 0.16 

+ 0.17 
± 0.20 
±0.12 
±0.19

+ 

_+

0.26 
0.17 
0.17

1.12 + 0.25 
1.05 0.21 

0.85 ± 0.20 
0.65 ± 0. 18 

0.37 to 1.34

Vegetationd

0.17 + 0.23 0.28 + 0.18 0.36 t 0.15

29
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TABLE 1 (cont.)

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL, 
VEGETATION, AND WATER SAMPLES

Sample a Radionuclide Concentrations in Water (pCi/l or x10"9 IlCi/ml) 

Location Gross Alpha 

Bi - P.V. Park 0.95 ± 1 .20 

B2 - McDonald Park <2.28 

B6 - City Water <1.56

Refer to Figure 9.  
Assumed to be in equilibuium with Th-232.  
Error is 2 c based on counting statistics only.  
Refer to Figure 5.  
Other analyses not yet completed.

30

a 
b 
C 

d 
*



TABLE 2

RADIONUCLIDE CONCENTRATIONS IN SYSTEMATIC SOIL SAMPLES

a 

Location Distance from Depth Radionuclide Concentrations (pCi/g)l 
Brook or Stream (cm)-----------.... ... ....... .... ............  

(W) Ra-228b Th-228 Ra-226

1 

2 

3

0 (edge) 

0 

0 

0 

0 

0 

0 

10 

5 

0 

0 

10 

10 

0 

0 

5 

10

surface 

surface 
30 
60 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 
30 
60 
90

4 

5 

6 

7 

8 

9 

10 

11 

12

0.84 + 0.290 

0.65 ± 0.29 
0.77 + 0.24 
0.74 + 0.23 

1.01 ±0.42 
1.09 & 0.40 
0.87 + 0.45 
0.71 + 0.31 

0.79 & 0.412 

0.69 t 0.23 

0.86 ±0.27 

1.05 ± 0.50 

30.8 ±1.2 

18.4 ±0.9 

1.74 ± 0.32 

10.7 +0.7 

9.80 + 1.16 
19.5 ±t 0.9 

5.16 & 0.59 
2.14 &0.42 

52.6 ± 1.5 

71.4 ±11.7 

132 ± 2 

116 ±12 

29.6 + 1.9 
12.1 +0.9 

3.68 + 0.48 
3.06 ± 0.47

0.85 ±t 0.22 

0.57 ± 0.18 
0.72 + 0.18 
0.87 + 0.20 

0.96 ± 0.36 
1.17 ± 0.111 
0.92 t 0.33 
0.75 & 0.29 

0.87 ± 0.33 

0.93 ± 0.24 

0.80 & 0.26 

1.00 ± 0.35 

30.5 t 1.1 

17.4 ±0.8 

2.18 ± 0.29 

9.9 +0.6 

9.67 ± 1.03 
18.0 ±0.8 

11.110 + 0.43 
2.05 + 0.31 

51.5 ±1.3 

69.9 ±1.6 

132 ±2 

113 +2 

26.9 ±1.5 
12.2 ±0.7 
3.51 ± 0.39 
2.62 :t 0.37

0.56 & 0.17 

0.15 ±0.15 
0.63 o 0.16 
0.66 ± 0.18 

0.84 ± 0.30 
1.07 + 0.28 
0.75 ± 0.27 
0.93 ± 0.23 

0.64 ± 0.27 

0.62 ± 0.17 

0.57 ± 0.23 

0.81 ± 0.28 

2.41 + 0.51 

1.117 0.441 

0.87 & 0.22 

1.05 ± 0.35 

1.83 ± 0.57 
2.11 t 0.39 
0.75 ± 0.25 
0.94 1 0.22 

1.92 ± 0.68 

5.31 ±: 0.72 

11.41 ±1.1 

7.49 ± 0.94 

1.12 ± 0.68 
1.43 ±0.311 
1.08 ± 0.30 
0.81 + 0.22

13 

14 

15 

16 

17



TABLE 2 (cont.) 

RADIONUCLIDE CONCENTRATIONS IN SYSTEMATIC SOIL SAMPLES

Location Distance from Depth Radionuclie Concentrations (pCi/g) 
Brook or Stream (cm) 

(m) Ra-228 Th-228 Ra-226

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31

5 

0 

0 

10 

50

100 

10 

0 

0 

5 

5 

0 

0 

5 

10 

50 

10 

0 

0

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 
30 
60 
90 

surface 

surface 

surface

153 ± 3 

89.0 +2.0 

11.78 ± 0.53 

0.84 ±0.36 

1.05 + 0.39 

1.24 ± 0.44 

5.49 ± 0.57 

1.611 ±0.34 

3.38 ± 0.55 

13.9 ±1.1 

18.7 ±1.2 

12.7 ±0.8 

4.15 ±0.53 

8.94 ± 0.99 
6.76 ± 0.67 
1.29 ± 0.40 
1.53 ± 1.21 

6.99 ± 1.06 

4.86 ± 1.18 
0.97 j6.39 
1.07 ± 0.29 
0.91 ± 0.25 

36.9 ±1.2 

40.2 ±1.5 

18.6 ±1.1

144 ±3 

83.1 ±1.9 

4.77 ± 0.48 

0.65 ± 0.24 

1.47 + 0.47 

1.36 ± 0.38 

5.82 + 0.55 

2.18 ± 0.31 

3.69 ± 0.44 

13.6 ±1.0 

15.9 ±0.9 

13.2 ±0.7 

5.00 + 0.52 

8.91 ± 0.92 
5.93 ± 0.59 
1.21 ± 0.25 
1.33 ± 0.29 

6.95 ± 0.74 

3.98 ± 1.17 
1.18 ± 0.29 
1.06 ± 0.24 
0.93 ± 0.22 

32.4 ± 1.2 

34.4 11 1.2 

16.5 ±0.9

8.25 ±1.12 

5.00 ± 0.90 

0.81 + 0.32 

0.53 + 0.20 

1.36 ± 0.28 

0.151 ± 0.32 

0.99 ± 0.30 

0.55 ± 0.18 

0.77 + 0.25 

1.74 ±0.49 

1.89 ± 0.41 

1.38 ± 0.36 

0.78 ± 0.27 

1.58 ± 0.46 
1.94 ± 0.33 
0.69 ± 0.19 
0.69 ± 0.18 

1.10 ± 0.40 

1.23 ± 0.58 
0.94 ± 0.23 
0.85 ± 0.17 
0.76 : 0.18 

1.92 ± 0.55 

2.67 ± 0.60 

1.29 ± 0.41

32 

33 

34 
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TABLE 2 (cont.) 

RADIONUCLIDE CONCENTRATIONS IN SYSTEMATIC SOIL SAMPLES

Location Distance from Depth Radionuclide Concentrations (pCl/g) 
Brook or Stream (cm) ............... . ------- .........  

(m) Ra-228 Th-228 Ra-226

37 

38

5 

5 

0 

0 

10 

30 

10 

5 

0 

5 

10 

0 

0 

5 

10 

5

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface

1.50 + 0.41 

34.4 ±1.8 
102 ±2 

17.8 +1.1 
5.79 ±0.88 

20.8 +1.3 

2.31 ±0.44 

1.31 ± 0.30 

29.5 ± 1.6 
1.22 ± 0.35 
1.03 ± 0.24 
0.79 ± 0.24 

84.3 & 2.7 
17.8 ± 1.0 
7.06 - 0.65 
6.29 ± 0.58 

573 ±7 

18.8 ± 1.1 

1.41 + 0.33 

143 ±3 

24.8 ±1.4 

21.8 ±1.2 

5.23 ± 0.56 

1.04 ± 0.30 
1.05 ± 0.30 
0.90 + 0.27 
1.47 ± 0.33 

1.00 ± 0.28

39 

40 

41 

42 

43

1.4 8 ± 0.36 

27.7 ±1.3 
88.4 ±2.0 
15.8 ±0.9 
7.98 ± 0.75 

19.4 ±1.0 

2.43 + 0.38 

1.09 ± 0.30 

29.8 +1.4 
1.25 ± 0.27 
0.98 ± 0.22 
0.79 + 0.18 

71.7 ±2.2 
16.1. 0.9 
13.6 ±0.6 
5.49 ± 0.50 

472 & 5 

16.7 ±0.9 

1.31 ± 0.30 

87.3 ±2.6 

23.2 ±2.4 

16.5 ±0.9 

5.73 ± 0.51 

1.18 + 0.26 
1.19 ± 0.26 
0.93 ± 0.24 
1.02 + 0.25 

1.16 ± 0.28

1.00 ± 0.21 

1.68 + 0.58 
6.38 ± 0.96 
1.83 ± 0.40 
0.64 ± 0.38 

1.49 t 0.52 

0.711 ± 0.22 

0.94 10.22 

2.18 ± 0.66 
0.72 ±10.18 
0.61 + 0.19 
0.69 + 0.16 

2.79 ± 0.90 
1.27 ± 0.42 
0.92 ± 0.28 
0.82 ± 0.25 

7.87 ± 2.42 

1.38 _ 0.47 

0.86 ± 0.18 

3.110 ± 1.14 

1.71 + 0.49 

1.37 ± 0.48 

0.95 + 0.26 

0.61 ± 0.21 
0.67 ± 0.17 
0.58 ± 0.16 
0.61 ± 0.17 

0.62 ± 0.19
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48 

49 

50 

51 
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TABLE 2 (cont.) 

RADIONUCLIDE CONCENTRATIONS IN SYSTEMATIC SOIL SAMPLES

Distance from 
Brook or Stream 

(m)

Depth 
(cm)

Radionuclide Concentrations (pCi/g)

Ra-228 Th-228

53 

54 

55 

56 

57

0 

0 

10 

10 

5 

0 

0 

5 

5 

0 

0 

10 

10 

5 

0 

0 

5 

10 

5

Location

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 

surface

Ra-226

0
58 

59 

60 

61 

62 

63 

611 

65

27.5 ±t 1.5 

30.5 ± 1.5 

0.93 + 0.34 

0.77 ± 0.39 

0.78 - 0.21 
1.01 ± 0.28 
0.62 ± 0.25 
1.01 ± 0.30 

50.1 ±2.2 

26.2 ±1.5 

1.51 t 0.37 

0.86 + 0.42 

3.16 + 0.43 

45.9 ± 2.1 

0.97 0 0.39 

0.79 t 0.49 
0.98 ± 0.29 
0.84 ± 0.33 
1.02 0 0.30 

0.94 ± 0.29 

56.0 + 2.3 

44.2 ± 2.1 

0.88 ± 0.40 

1.20 ± 0.35 

1.03 + 0.43

27.14 ±1.2 

28.9 ±1.2 

0.87 & 0.32 

0.96 ± 0.26 

0.93 & 0.26 
1.09 - 0.28 
0.70 & 0.25 
0.90 ± 0.20 

18.2 ±1.8 

211.3 ±1.3 

1.70 - 0.31 

1.03 - 0.27 

3.01 & 0.111 

1111.5 ± 1.11 

0.93 ± 0.25 

1.011 4 0.38 
0.92 ± 0.21 
0.99 ± 0.26 
0.911 ± 0.22 

1.03 ± 0.29 

113.1 ±1.8 

33.1 ±0.8 

1.06 ± 0.23 

0.98 ± 0.28 

2.56 + 0.23'

2.211 - 0.52 

1.62 ± 0.52 

0.69 ± 0.23 

0.68 ± 0.211 

0.70 ± 0.19 
0.67 ± 0.16 
0.65 ± 0.16 
0.56 ± 0.15 

2.56 + 0.73 

1.69 ± 0.60 

0.87 ± 0.22 

1.1140 0.60 

0.66 ± 0.29 

2.60 ± 0.65 

0.76 ± 0.20 

0.76 ± 0.24 
0.11 ±0.111 
0.57 ± 0.25 
0.67 ± 0.17 

0.711 ± 0.16 

2.112 +0.80 

2.53 + 0.711 

0.611 0.18 

0.95 ± 0.21 

0.15 ± 0.19

66 

67 

68 

69 

70 

71

Ra-228 Th-228



TABLE 2 (cont.)

RADIONUCLIDE CONCENTRATIONS IN SYSTEMATIC SOIL SAMPLES

Location Distance from Depth Radionuclide Concentrations (pCi/g) 
Brook or Stream (cm) 

(m) Ra-228 Th-228 Ra-226

72 

73 

74 

75 

76

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface

L*n 
Inl

20.2 ±t 1 .0 

18.4 & 1.3 

7.23 ± 0.83 

1.44 0 0.30 

150 ±3 
66.2 ±1.9 
13.5 ±0.8 
8.17 ± 0.67 

38.6 ±1.7 

12.5 ±0.9 

7.01 ± 0.63 

1.36 ± 0.31 

5.10 ± 0.711 

9.96 ± 0.92 

5.55 ± 0.67 

6.43 ± 0.67 

30.6 ±1.5 

7.01 .0.74 

1.12 ± 0.51 
1.59 ± 0.39 
0.85 ± 0.211 
0.311 ± 0.20 

8.57 ± 0.93 

1.85 4 0.52

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87

2.27 ± 0.90 

15.6 ±1.1 

5.85 ± 1.21 

1.59 ± 0.67 

133 - 3 
58.5 ±1.6 
13.9 + 0.66 

8.14 ± 0.60 

34.7 ±1.3 

10.1 ± 0.7 

5.61 & 0.57 

1.35 ± 0.21 

11.75 ± 0.611 

10.3 ± 0.8 

5.75 ± 0.64 

6.32 & 0.61 

31.5 ± 1.11 

6.68 ± 0.33 

1.06 & 0.27 
1.63 + 0.29 
0.92 . 0.23 
0.46 ± 0.16 

7.38 & 0.71 

1.117 +0.38

1.39 ± 0.48 

1.20 ± 0.53 

0.47 ± 0.35 

0.87 ± 0.118 

7.91 + 1.31 
3.72 ± 0.74 
1.15 t 0.33 
1.19 ± 0.34 

2.85 ± 0.611 

1.22 ± 0.33 

0.89 ± 0.28 

0.65 + 0.18 

1.01 ± 0.38 

1.13 ± 0.39 

0.83 ± 0.311 

1.23 ± 0.31 

2.82 ± 0.69 

1.09 ± 0.34 

0.88 t 0.23 
0.89 ± 0.22 
0.57 ± 0.111 
0.51 ± 0.14 

1.09 ± 0.111 

1.01 t 0.25

88 

89



TABLE 2 (cont.)

RADIONUCLIDE CONCENTRATIONS IN SYSTEMATIC SOIL SAMPLES

Location Distance from Depth Radionuclide Concentrations (pCi/g) 
Brook or Stream (cm) 

(m) Ra-228 Th-228 Ra-226

90

91 

92 

93 

94 

95 

96 

97 

98 

99 

100

0 

5 

10 

0 

0 

5 

20 

0 

0 

0 

0

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface

10.6 ±1.0 

7.33 ± 0.83 

4.33 ±0.67 

7.61 ±0.43 

2.20 ± 0.54 

3.55 ± 0.66 

2.76 ± 0.40 

0.56 ± 0.37 

0.60 ± 0.34 

1.04 ± 0.36 

0.71 ± 0.30

10.3 ±0.8 

7.57 0 0.66 

3.74 ± 0.58 

6.52 + 0.65 

1.74 + 0.37 

3.85 ± 0.51 

2.68 & 0.33 

4.36 ± 0.38 

0.66 + 0.20 

1.09 ± 0.26 

0.97 ± 0.241

1.07 ±0.45 

1.41 ± 0.38 

0.83 ± 0.31 

0.92 -t 0.31 

1.09 + 0.26 

0.76 ± 0.27 

0.62 ± 0.22 

0.59 & 0.21 

0.54 & 0.16 

0.72 ± 0.11 

0.83 0 0.19

Refer to Figures 3, 4, and 5.  
Assumed to be in equilibrium with Th-232.  
Error is 2c based on counting statistics.  
Other analyses not yet completed.

a%

a 
b 
C 
I



TABLE 3

RADIONUCLIDE CONCENTRATIONS IN BIASED SOIL SAMPLES

Locationa Depth Radionuclide Concentrations (pCi/g)O 
(cm) Ra-228b Th-228 Ra-226

101 

102

,j

103 

1011 

105 

106 

107

108 

109 

110 

111 

112

Surface 
30 
60 
90 

Surface 
30 
60 
90 

Surface 
30 
60 
90 

Surface 

Surface 

Surface 

Surface 
30 
60 
90 

Surface 

Surface 

Surface 
30 
60 
90 

Surface 

Surface 
15 
30 
60 
90

91.4 t 3.2c 
182 ±14 

44 + 2 
31.2 & 1.8 

32.4 ± 1.6 
50.2 . 2.2 
41.2 + 1.9 
51.3 ± 2.1 

275 * 6 
102 + 3 
87.8 -t 2.9 
30.9 + 1.9 

191 + 5 

734 - 8 

235 ± 6 

307 ± 7 
37.9 ± 2.4 
28.9 ± 18.1 

9.93 ± 0.94 

507 + 8 

9.11 ± 1.59 

19.4 ± 1.5 
75.5 ± 4.0 
76.4 ± 3.3 

6.06 ± 0.86 

19.1 + 2.3 

345 4 1 
247 ± 5 
273 . 5 
289 ± 5 
151 4 1

86.5 ± 
163 + 
41.9 + 
27.8 + 

32.3 ± 
44.1 ± 
41.8 & 
50.8 ± 

201 
98.6 
64.0 ± 
29.1 ± 

187 ± 

722 & 

227 + 

287 +_ 
35.5 -i 
28.0 
10.0 ± 

479 

8.34 .  

16.9 + 
60.4 + 
62.6 ± 

4.44 +L 

18.0 ± 

310 ± 
230 A 
260 ± 
261 + 
139 +

2.6 
4 
1.9 
1.5 

1.4 
1.8 
1 .6 
1.9 

4 
2.9 
2.2 
1 .6 

5 

8 

5 

6 
1.8 
1.5 
0.7 

7 

1.02 

1.3 
3.1 
2.9 
0.76 

1.9 

4 
5 
5 
5 
3

S3.38 t 
9.61 & 
3.43 t 
1.81 ± 

2.19 ± 
2.59 + 
3.04 & 
2.73 + 

13.6 ± 

7.16 ± 
4.08 + 
2.29 ± 

9.95 ± 

46.8 ± 

12.6 + 

11.9 ± 
3.26 + 
2.06 ± 
1.47 ± 

28.1 ± 

1.21 + 

1.58 ± 
5.07 ± 
3.17 ± 
0.71 ± 

1.31 ± 

20.9 ± 
24.0 + 
18.3 + 
24.0 ± 
10.9 ±

1.10 
1.63 
0.88 
0.78 

0.63 
0.88 
0.72 
0.82 

2.3 
1.40 
1.00 
0.78 

2.18 

3.8 

2.3 

2.6 
0.83 
0.78 
0.32 

3.4 

0.58 

0.64 
1.52 
0.99 
0.42 

0.94 

1.7 
2.4 
2.3 
2.5 
1.6
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TABLE 3 (cont.) 

RADIONUCLIDE CONCENTRATIONS IN BIASED SOIL SAMPLES

Location Depth .Radlonuclide Concentrations (pCi/g)* 

(am) Rta-228 Th-228 Ra-226

113 

114 

115 

116

117 

118

Surface 
30 
60 
90 

Surface 

Surface 
30 
60 

Surface 
30 
60 
90 

Surface 
30 
60 
90 

Surface 
30 
60 
go 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 
30 
60 
90

119 

120 

121 

122 

123 

124 

125 

126

23.7 ± 
152 + 
57.7 + 

136 + 

163 ± 

170 + 
20.9 
7.28 ± 

163 + 
13.3 ± 
10.2 & 
2.97 t 

90.8 ± 
27.2 + 

8.11 + 
4.84 ± 

172 ± 
13.4 + 
4.17 ± 
5.65 ± 

56.1 ± 

45.6 ± 

10.3 ± 

57.1 4: 

13.4 + 

31.3 ± 

68.9 ± 

126 + 
24.8 ± 

120 & 
8.08 ±

1.7 
3 
1.6 
2 

2 

2 
0.9 
7.60 

6 
1.3 
0.9 
0.44 

3.8 
1.9 
0.69 
0.49 
5 
0.8 
0.54 
0.73 

2.74 

2.9 

0.8 

1.7 

0.8 

1.8 

3.0 

3 
1.0 
4 
0.93

21.7 ± 
1144 ± 
53.0 ± 

130 ± 

139 ± 

152 & 
19.0 & 
5.87 + 

111 ± 
13.6 
6.88 ± 
2.18 & 

79.6 
24.7 ± 
6.58 ± 
4.00 ± 

124 + 
10.5 ± 
3.32 ± 
5.05 ± 

43.6 + 

35.7 ± 

10.4 ± 

43.1 ± 

10.5 + 

23.2 ± 

51 .1 ± 

112 ± 
22.3 ± 

114 ± 
8.14 ±

1.5 
3 
1.5 
2 

1 

4 
0.9 
0.61 

5 
1.1 
0.13 
0.39 

3.2 
1 .4 
0.57 
0.43 
4 
0.6 
0.41 
0.62 

2.0 

2.2 

0.6 

1.6 

6.4 

1 .4 

2.3 

2 
1.1 
4 
0.67

1.03 ± 
6.88 ± 
2.71 ± 
7.49 ± 

3.88 ..  

9..46 + 
2.11 ± 
1.24 ± 

2.59 ± 
1.13 ± 
1.24 + 
0.62 ± 

3.94 ± 
1.82 & 
1.09 + 
0.80 ± 
4.89 + 
1.43 ± 
0.85 ± 
0.914 t 

2.33 + 

2.66 t 

1.19 ± 

1.92 t, 

1.43 ± 

2.23 t 

3.19 ± 

3.97 ± 
2.25 ± 
3.50 ± 
1.25 ±

0.65 
1.14 
0.67 
1.06 

0.93 

1.82 
0.41 
0.39 

1.69 
0.29 
0.38 
0.11 

0.70 
0.64 
0.35 
2.40 
1.80 
0.35 
0.26 
0.35 

0.88 

1.06 

0.34 

0.66 

0.35 

0.69 

1 .06 

0.98 
0.48 
1.48 
0.142

0o



TABLE 3 (cont.) 

RADIONUCLIDE CONCENTRATIONS IN BIASED SOIL SAMPLES

Radionuclide Concentrations (pCl/g) 

30.7 ± 2.1 29.2 ± 1.7 2.13 + 0.83 

44.7 ± 2.1 40.9 + 1.8 2.29 ± 0.82 

26.2 ± 1.8 25.6 ± 1.7 1.62 ± 0.78 

9.08 ± 0.72 5.56 ± 0.63 0.93 ± 0.27 
24.1 _t 1.9 21.8 ± 1.4 1.69± 0.69 

6.09 ± 0.59 5.58 ± 0.47 0.76 ± 0.32 
0.90 ± 0.26 0.75 ± 0.17 0.42 ± 0.16 

105 ± 3 90.11 ± 3.1 6.05± 1.46 

57.3 ± 3.3 50.8 + 2.11 2.77 ± 1.00 

17.9 ± 1.0 15.3 ± 0.8 1.07 ± 0.41 

18.6 ± 1.2 17.1 + 0.9 1.05± 0.46 
5.25 ± 0.50 4.65 ± 0.143 0.64 & 0.23 
1.79 ± 0.32 1.67 t 0.25 0.45 + 0.16 
0.54 ± 0.24 0.72 ± 0.17 0.33 ± 0.15 

126 ± 2 119 ± 2 41.411± 1.02 

12.8 ± 1.0 10.3 -± 0.8 1.29± 0.39

Refer to Figures 3 and 4.  
Assumed to be in equilibrium with Th-232.  
Errors are 2u based on counting statistics only.  
Other analyses not yet completed.

Loca tion Depth 
(cm)

127 

128 

129 

130

131 

132 

133 

134

Surface 

Surface 

Surface 

Surface 
30 
60 
90 

Surface 

Surface 

Surface 

Surface 
30 
60 
90 

Surface 

Surface

135 

136

a 
b 
C 
I

,/I

MUM



TABLE 4

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES

Locationa Radionuclide Concentrations (pCi/g), 

Ra-228b Th-228 Ra-226 

C 
1 0.54 ± 0.36 0.57 ± 0.12 0.48 & 0.10 
2 0.58 + 0.25 0.71 + 0.23 0.36 ± 0.16 
3 0.78 _ 0.19 0.67 & 0.20 0.50 + 0.14 
4 5.38 ± 0.68 4.57 ± 0.52 0.98 ± 0.27 
5 5.56 ± 0.57 5.39 ± 0.46 0.95 ± 0.24 
6 44.3 ±2.1 42.7 ±1.8 3.72 ±0.90 
7 26.7 ± 1.9 24.5 + 1.6 2.86 +0.80 

8 0.88 ± 0.26 0.75 ± 0.24 0.55 + 0.14 
9 0.51 ±0.20 0.46 ±0.17 0.41 ± 0.13 

10 1.21 ± 0.29 0.97 ± 0.23 0.47 ± 0.14 
11 1.97 ±0.30 1.76 ± 0.27 0.69 ±0.17 
12 3.02 ± 0.41 2.80 ± 0.33 0.63 ± 0.21 
13 4.60 ± 0.51 4.88 ± 0.37 0.59 ± 0.21 
14 26.7 ± 1.6 23.3 ± 1.2 0.93 ± 0.53 
15 7.07 ± 0.57 7.04 ± 0.48 0.90 ± 0.31 
16 61.0 + 1.4 53.9 ± 1.3 4.16 ±0.61 
17 4.44 ± 0.41 3.69 ± 0.34 0.58 ± 0.19 
18 16.8 + 1.0 16.4 + 0.7 1.16 ±0.34 
19 4.56 ± 0.44 3.41 ± 0.35 0.58 + 0.19 
20 32.0 + 1.31 25.1 . 1.0 1.99 ±0.49 
21 6.06 ± 0.51 5.75 ± 0.43 0.76 ± 0.21 
22 16.4 +0.9 17.6 + 0.8 0.67 ± 0.41 
23 9.13 ±0.63 7.31 + 0.49 0.70 ±0.25 
24 21.2 + 1.1 19.5 ± 1.0 1.15 ± 0.43 
25 15.5 +0.9 14.4 +0.8 1.08 ±0.37 
26 7.64 ± 0.58 7.56 ± 0.51 0.92 ± 0.25 
27 8.26 ± 0.65 8.48 ± 0.54 0.68 + 0.20 
28 7.56 ± 0.58 7.71 ± 0.54 0.86 ± 0.25 
29 5.60 ± 0.49 6.06 ± 0.45 0.68 + 0.23 
30 5.59 + 0.59 5.69 ± 0.44 0.62 + 0.24 
31 17.5 + 1.1 17.2 + 0.89 1.17 ±0.42 
32 8.91 ±0.68 9.83 ±0.61 0.98 ±0.38 
33 6.14 + 0.53 6.26 ± 0.49 0.84 + 0.24 
34 4.07 ± 0.50 3.56 ± 0.39 0.69 + 0.19 
35 3.10 ±0.41 2.62 + 0.30 0.51 +0.17 
36 3.93 + 0.44 3.47 ± 0.36 0.68 + 0.20 
37 6.18 ± 0.54 6.04 ± 0.48 0.63 ± 0.23 
38 9.73 ± 0.77 8.78 ± 0.22 1 .00 + 0.32 
39 3.58 ± 0.50 2.76 ± 0.47 0.93 + 0.25 
40 <0.13 0.44 ± 0.24 0.31 + 0.19 
41 0.55 ± 0.25 0.72 ± 0.20 0.55 + 0.18 
42 1.01 ± 0.28 1.03 ± 0.29 0.60 + 0.23 
43 0.92 ± 0.27 0.87 ± 0.20 ' 0.82 + 0.19 

D &FT
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TABLE 4 (cont.)

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES

Location Radionuclide Concentrations (pCi/g) 
Ra-228 Th-228 Ra-226 

44 1.23 ±0.38 1.38 ±0.28 0.48 ±0.20 
45 15.1 _ 0.80 14.9 ±0.69 2.00 + 0.38 
.46 7.92 ± 0.51 7.62 ± 0.45 1.50 & 0.24 
47 0.97 ± 0.25 1.02 & 0.23 0.61 ± 0.18 
48 0.57 _ 1.92 0.65 ± 0.16 0.4,8 ± 0.14 
49 0.86 ± 0.24 0.83 ± 0.30 0.32 ± 0.17

a Refer to Figures 5, 6, 7, and 8.  
b Assumed to be in equilibrium with Th-232.  
c Error is 2a based on counting statistics only.  
I Other analyses not yet completed.  

SamA P
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TABLE 5 

RADIONUCLIDE CONCENTRATIONS IN WATER SAMPLES

Radionuolide Concentrations (pCi/l or x 10-9 pCi/ml) 
Gross Alpha*

1 Sheffield Brook 

2 Sheffield Brook 

3 Sheffield Brook 

4 Pompton River 
500 m upstream 

5 Pompton River 
100 m upstream 

6 Pompton River 
100 m downstream 

7 Pompton River 
500 m downstream 

8 Storm Sewer 

9 Storm Sewer 

10 Storm Sewer 

11 Storm Sewer 

12 Storm Sewer 

13 Storm Sewer 

14 Surface water 
Farm 

15 Surface water 
Farm 

16 Well water - Farm 

17 Well water - Farm 

18 Well water 
Wendt Lane

<2.7 

6.5 - 1. 7b 

<2.2 

1.1 ±1.4 

<0.7 

39 -9 

0.8 1.1 

29 ±4 

19 ±8 

12 _+6 

<2.8 

1.6 - 1.3 

<2.3 

3.5 t 4.0 

<2.3 

<1.0 

1.6 -t 1..4 

<2.2

42
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TABLE 5 (cont.)

RADIONUCLIDE CONCENTRATIONS IN WATER SAMPLES

Sample a 
Location

Radionuclide Concentrations (pCi/l or x 10 9 1iCi/ml) 

Gross Alpha*

19 Well water 
Wendt Lane <2.2 

20 Well water
Deerfield Road 6.8 ±- 5.8 

21 Well water 
Farmingdale Road 12 + 6

Refer to Figures 5 and 8.  
Error is 20c based on counting statistics only.  
Other analyses not yet completed.

SD'4RA 1
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TABLE 6 

RADIONUCLIDE CONCENTRATIONS IN VEGETATION SAMPLES

Radionuclide Concentrations (pCi/g), a 
Location Ra-228b Th-228 Ra-226 

1 2.04 ± 0.47 c 0.99 ± 0.21 0.34 _ 0.15 

2 0.17 + 0.23 0.28 ± 0.18 0.36 - 0.15 

3 12.8 ± 0.41 10.1 ±0.32 0.71 ±0.16 

4 6.96 ± 0.36 4.11 + 0.24 0.44 + 0.13 

5 1.97 ±0.19 1.83 ±0.16 0.39 ± 0.10

a Refer to Figure 5.  
b Assumed to be in equilibrium with Th-232.  
c Error is 2a based on counting statistics only.  
* Other analyses not yet complete.  
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APPENDIX A

Major Analytical Equipment 

The display or description of a specific product is not be be construed as 
an endorsement of that product or its manufacturer by the authors or their 
employers.  

A. Direct Radiation Measurements 

Eberline "RASCAL" 
Portable Ratemeter-Scaler 
Model PRS-l 
Compensated G-M Probe, Model HP-270 
(Eberline Instrument, Santa Fe, NM) 

Eberline PRM-6 
Portable Ratemeter 
Scintillation Probe, Model 489-55 
(Victoreen, Inc., Cleveland, OH) 

Pressurized Ionization Chamber (PIC) 
Model RSS-111 
(Reuter-Stokes, Cleveland, OH) 

B. Laboratory Analysis 

Ge(Li) Detector 
Model LGCC2220SD, 23% efficiency 
(Princeton Gamma-Tech, Princeton, NJ) 

Used in conjunction with: 
Lead shield, SPG-16 
(Applied Physical Technology, Smyrna, GA) 

Pulse Height Analyzer, ND680 
Model 88-0629 with associated computer package 
(Nuclear Data, Inc., Schaumburg, IL) 

Alpha Spectroscopy System 
Tracor Northern 1705 
Pulcir PA-i Alpha Module 
(Pulcir, Inc., Oak Ridge, TN) 

Low Background Alpha-Beta Counter 
Model LB5100-2080 
(Tennelec, Inc., Oak Ridge, TN) 

DRA T
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APPENDIX B

Analytical Procedures 

Gamma Scintillation Measurements 

Walkover surface scans and measurements of gamma exposure rates were 

performed using an Eberline PRM-6 portable ratemeter with a Victoreen Model 

489-55 gamma scintillation probe containing a 3.2 am x 3.8 cm NaI(Tl) 

scintillation crystal. Count rates (opm) were converted to exposure levels 

(p R/h) using a factor of 520 cpm -1 pR/h. This factor was determined by 

comparing the response of the scintillation detector with that of a Reuter 

Stokes Model RSS-111 pressurized ionization chamber at several locations 

along Sheffield Brook.  

Beta-Gamma Dose Rate Measurements 

Measurements were performed using Eberline "Rascal" Model PRS-1 

portable ratemeters with Model HP-270 energy compensated G-M probes. Dose 

rates (prad/h) were determined by comparison of the response of a Victoreen 

Model 440 ionization chamber survey meter to that of the G-M probes for a 

composite of soil samples from the site. The conversion factor determined 

was 0.63 cpm = 1 prad/h.  

Soil and Sediment Sample Analysis 

Soil samples were dried at 1200 C, finely ground, mixed, and a portion 

placed in a one-liter Marinelli beaker. The quantity placed in each beaker 

was chosen to reproduce the calibrated counting geometry and typically 

ranged from 500 to 800 g of soil. Net soil weights were determined and the 

samples counted using a 23% Ge(Li) detector (Princeton Gamma Tech) coupled 

to a Nuclear Data model ND-680 pulse height analyzer. The following energy 

peaks were used for determination of the radionuclides of concern:

B-1



Ra-228 - 0.911 MeV from Ac-228 

Th-228 - 0.583 MeV from Tl-208 

Ra-226 - 0.609 MeV from Bi-214 

*U-235 - 0.143 MeV 

*U-238 - 1.001 MeV from Pa-234m 

Peak identification and concentration calculations were provided by 

computer analyses.  

Several randomly selected samples were analyzed for isotopic thorium 

by alpha spectroscopy. These analyses indicated equal concentrations of 

Th-232 and Th-228, confirming that the entire thorium series is in 

equlibrium in the off-site residues.  

Water Samples 

Water samples were rough filtered through Whatman No. 2 filter paper.  

Remaining suspended solids were removed by a filtration through 0.45 pm 

pore size membrane filters. The filters, together with attached solids, 

were discarded; the filtrate was acidified by the addition of 20 ml of 

concentrated nitric acid.  

Gross Alpha Analysis 

Fifty milliliters of each sample was evaporated to dryness and counted 

on a Tennelec Model LB5100 low background proportional counter.  

Gamma Spectrometry 

Three and one half liters of each sample was placed in Marinelli 

beakers and analyzed by Ge(Li) gamma spectrometry using the same techniques 

as for soil samples.  

*Analysis not yet complete.

B-2



Radium-226/228 Analysis

Samples were analyzed for Ra-226 and 228 using the standard technique 

EPA 600/4-75-008 (Revised). (Procedures will be described in detail in the 

final report.) 

*Polonium-210 and Lead-210 

Radiochemical procedures were used for analysis of Po-210 and Pb-210.  

(Procedures will be described in detail in the final report.) 

*Thorium and Uranium isotopic analysis 

Alpha spectrometry analysis for Th-228, Th-232, U-234, U-235, and 

U-238 was performed by an outside analytical laboratory.  

Vegetation Analysis 

Gamma Spectrometry 

Vegetation samples were air dried, chopped, and mixed. Aliquots were 

placed in 3.5 1 Marinelli beakers and analyzed for identifiable photopeaks 

in the same manner described above for soil sample analysis.  

Calibration and Oualitv Assurance 

Laboratory analytical instruments are calibrated using NBS - traceable 

standards. Portable survey instruments for exposure rate and dose rate 

measurements are calibrated by comparison of their responses to those of 

other instruments having NBS - traceable calibration. Field comparisons or 

comparisons using samples typical of the area are used to develop these 

calibrations. Quality control procedures on all instruments included daily 

background and check-source measurements to confirm lack of malfunctions 

and nonstatistical deviations in equipment. The ORAU Laboratory 

participates in the EPA Quality Assurance Program.  

* Analyses not yet complete.
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APPENDIX C

NRC Guidelines for Concentrations of Thorium 
and Uranium in Soil 

On October 23, 1981, the Nuclear Regulatory Commission published in 

the Federal Register a notice of Branch Technical Position "Disposal or 

Onsite Storage of Thorium and Uranium Wastes from Past Operations." This 

document establishes guidelines for concentrations of uranium and thorium 

in soil, that- will limit maximum radiation received by the public under 

various conditons of land usage. These concentrations are as follows:

Maximum Concentrations (pCi/g) 

Material for various options* 
a b c d 

1 2 3 4 

Natural Thorium (Th-232 & Th-228) 
with daughters present and in 
equilibrium 10 50 -- 500 

Natural Uranium (U-238 & U-234) 
with daughters present and in 
equilibrium 10 -- 40 200 

Depleted Uranium: 
Soluble 35 100 -- 1,000 
Insoluble 35 300 -- 3,000 

Enriched Uranium: 
Soluble 30 100 -- 1,000 
Insoluble 30 250 -- 2,500 

a Based on EPA cleanup standards which limit radiation to 1 mrad/yr to 

lung and 3 mrad/yr to bone from ingestion and inhalation and 10 PR/h 
above background from direct external exposure.  

b Based on limiting individual doses to 170 mrem/yr.  
0 Based on limiting equivalent exposure to 0.02 working level or less.  
d Based on limiting individual doses to 500 mrem/yr and in case of natural 

uranium, limiting exposure to 0.02 working level or less.  

Option 1 concentrations permit unrestricted use of the property and is 

the guideline applicable to surface soils in all areas. Options 2, 3, and 

4 apply to buried wastes and assume possible intrusions into the burial 

DRpf
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sites. The presence of wastes at these concentrations may require 

restrictions on property use. Regardless of the concentrations in the 

buried materials, surface soil must meet the Option 1 concentration 

guidelines.  

For the Sheffield Brook area the soils must therefore meet the 

radionuclide guidelines of 10 pCi/g of natural thorium plus natural 

uranium.
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1.0 SUMMARY OF RESULTS 

An aerial radiological measuring system was used to survey the area 

surrounding the former W. R. Grace property located in Wayne Township, New 

Jersey, during the month of September 1982. This site formerly contained a 

facility to extract rare earths and thorium from monzanite sands. The survey 

was conducted for the U.S. Department of Energy's (DOE) Office of Operational 

Safety by the Department's Remote Sensing Laboratory, operated for the DOE by 

the Energy Measurements Group of EG&G.  

The highest radiation exposure rates were measured over the site. Average 

radiation levels of 30 to 60 microroentgens per hour (pR/h), normalized to 

3 feet above the ground, were inferred from the aerial data. Elevated radiation 

levels ranging from 20 to 30 pR/h were also observed over a stream (Sheffield 

Brook) extending approximately 1/2 mile west of the site as well as over the 

quarry area located to the west of Pompton Lakes. The source of the elevated 

activity in each case was thorium.  

Natural background radiation exposure rates measured by the airborne 

system within the survey area typically ranged from 6 to 10 jiR/h with an 

average value of approximately 8 itR/h.
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2.0 INTRODUCTION 

An aerial radiological survey was flown over a 5½-mile by 10-mile 

area surrounding the former W. R. Grace property located in Wayne 

Township, New Jersey. This survey was conducted for the Department of 

Energy's (DOE) Office of Operational Safety (OOS) by the Energy Measure

ments Group of EG&G. The OOS conducts radiological surveys at sites and 

facilities where nuclear operations were formerly conducted for the 

government.  

An MBB BO-105 helicopter, equipped with aerial radiological detection 

systems, was used for the survey. The helicopter altitude above ground 

level was 300 feet with 300-foot line spacings. A previous survey 

covering an area of 3 miles by 4 miles surrounding this site was flown 

in May 1981 utilizing this system.' The purpose of the present survey 

was to expand the coverage to include all of Wayne Township.  

Aerial radiological detection systems average the radiation levels 

produced by gamma-emitting radionuclides existing over an area of several 

acres. These detection systems are capable of determining specific 

radionuclides causing radiological anomalies. However, because of 

averaging, airborne systems, as compared to ground-based measurements, 

tend to underestimate the magnitude of localized sources. Details of 

the systems and procedures employed in obtaining and processing aerial 

radiation data are presented in References 2 and 3.  

In aerial radiological surveys, the gamma ray energies, source 

concentrations, and relative distribution are measured by specialized 

instrumentation. The results are reported as radiation exposure rates
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in gR/h at 3 feet above the ground. The maximum annual radiation dose 

that could be absorbed through continuous exposure (24 hours a day for 

365 days to a constant exposure rate), expressed in millirem per year 

(mrem/y) is approximated by multiplying the exposure rate in micro

roentgen per hour (pR/h) by 8.76*. These results apply to external 

radiation only and do not account for inhalation or ingestion of radio

active materials. The actual amount of radiation absorbed depends on 

the duration and circumstances of exposure.  

3.0 BACKGROUND RADIATION 

Background gamma radiation originates from naturally occurring 

radioactive elements present in the earth (terrestrial radiation) and 

cosmic rays entering the earth's atmosphere from space. The terrestrial 

gamma rays originate primarily from the uranium decay chain, the thorium 

decay chain, and radioactive potassium. Variable concentrations of 

these nuclides produce estimated annual radiation doses ranging from 15 

to 140 mrem/y (1.7-16 pR/h) at the surface of the earth in the United 

States. The higher background radiation dose levels (up to 140 mrem/y) 

are typically found in the western states, primarily in the Colorado 

Plateau area, and are a result of high uranium and thorium concentrations 

in surface minerals and increased cosmic radiation because of higher elevation.  

The uranium decay chain includes radium-226 and its daughter, 

radon, which is a noble gas, i.e., it will not combine chemically with 

other elements. The radionuclide radon can both diffuse through the 

* x 24 hx 365 d xmusing the approximate 
x day y mrem0 mrem conversion from PR to mremj h d-ay y 10O00 N y
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soil and move through the air to other locations. Thus, the level of 

radiation contributed by this noble gas depends upon the meteorological 

conditions, mineral and moisture content and permeability of the soil, 

and other physical conditions existing at each location at any par

ticular time. Airborne radon typically contributes from 1 to 10 percent 

of the natural background radiation levels.  

Cosmic rays, the space component of the natural radiological 

background, interact in a complex manner with the elements of the earth's 

atmosphere and soil. These cosmic ray interactions produce additional 

background radiation dose rates which vary slightly with latitude and 

directly with altitude, increasing from 26 mrem/y (3 gR/h) at sea level 

in Florida to 107 mrem/y (12 pR/h) at 10,000 feet above sea level at 

some locations in Colorado. The cosmic ray dose rate in Denver, Colorado 

(0 mile above sea level), contributes about 50 mrem/y to the total back

ground dose rate of about 125 mrem/y.  

The aerial survey results include the terrestrial gamma radiation 

measured throughout the surveyed area and an estimated cosmic ray ex

posure rate, but the results do not include the contribution from 

airborne radon.  

4.0 SURVEY BOUNDARIES 

This survey covered an area of approximately 55 square miles 

including all of Wayne Township, New Jersey. The boundaries of the 

survey are shown in Figure 1.  

5.0 SURVEY RESULTS 

The results of this aerial survey are presented in Figure I as 

closed contour curves of total radiation exposure rates (isoradiation 

contours) overlaid on an aerial photograph of Wayne Township, New Jersey.
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The results are reported in units of iR/h at 3 feet above ground and 

include a cosmic ray contribution estimated at 3.7 pR/h.  

The highest radiation exposure rates were measured over the site.  

Average radiation levels ranging from 30 to 60 pR/h were inferred from 

the aerial data. Elevated radiation levels ranging from 20 to 30 VR/h 

were also observed over a stream (Sheffield Brook) extending approxi

mately 1/2 mile west of the site and over the quarry area located to the 

west of Pompton Lakes.  

A special data processing technique (details of which are given in 

References 2 and 3) was used to help identify areas containing thorium 

concentrations greater than that present in typical background soils.  

The results of this special analysis are also shown in Figure 1. The 

green area includes the site and the stream west of the site. The other 

areas, shown in yellow, appear to be the result of natural anomalies.  

Elevated exposure rates were associated with the excess thorium over the 

site, over the stream, and over the quarries north of the site. The 

other areas did not show elevated exposure rates, and appear to be due 

to slight perturbations in the relative amount of thorium within these 

areas compared to the rest of the survey area.  

A similar technique was used to search for possible areas contain

ing excess radium-226, normally associated with uranium ore and tailings.  

No positive indications were observed.  

Natural background radiation exposure rates within the survey area 

typically ranged from 6 to 10 pR/h with an average value for Wayne 

Township of approximately 8 pR/h.
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6.0 COMPARISON WITH PREVIOUS SURVEYS 

The results of the September 1982 survey compare quite well with 

the results of the May 1981 aerial survey except directly over the site 

and along the stream west of the site. The previous survey inferred ex

posure rate levels greater than 120 pR/h over the site and maximum levels 

between 60 and 120 pR/h along the stream. The present survey indicated 

"levels between 30 and 60 pR/h over the site and between 20 and 30 PR/h 

along the stream. These differences result from the different survey alti

tudes flown in the two surveys (150 feet in 1981 versus 300 feet in 1982), 

and indicate that the source of the activity within the site and along the 

stream is highly localized. At the higher survey altitude the airborne system 

averages over a larger area and will infer a lower exposure rate for a localized 

source. Due to terrain limitations it was not possible to fly the large area 

survey lower than 300 feet.  

A ground-based radiological survey was conducted April 26 to May 1, 

1982 along the stream west of the site by the Radiological Site Assessment 

Program of Oak Ridge Associated Universities (ORAU), Oak Ridge, Tennessee.  

This survey indicated the presence of thorium contaminated soil and sediment 

along the stream. The survey findings also showed that the thorium con

tamination was generally limited to a narrow strip, approximately 30 feet 

maximum, on either side of the stream. Elevated radium-226 was also detected 

but at levels much lower (5 to 10%) than the thorium concentrations. Exposure 

rate levels measured 3 feet above ground were highly variable, ranging from 

8 to 269 PR/h, with an average value along the stream of 50 pR/h. These 

results are consistent with those obtained from the aerial data after taking 

into consideration the large area averaging property of the airborne system.
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September 10, i982 

MEMO 

TO: Mayor W. Jasinski, Township Council, A. Bartolozzi 

FROH: Ni. Resnikoff, Township consultant on thorium contamination 

RE: Radiation Levels in Park, west of Farmingdale Road 

According to the NRC Preliminary Report, thorium contamination, west of 
Farmingdale Road, resides along Sheffield Brook. Except for one sampling loc
ation near where the access road to the athletic fields crosses a culvert (#76, 
fig. 17), the contamination is localized to within 15' of the Brook. The con
tamination levels along Sheffield Brook, west of Farmingdale Road (called 
"sheffield Brook, west"), are several times higher than the interim EPA clean
.,p limits (5pCi/§) all the way to the Pompton River. I recommend that this area 
be cleaned up when decontamination efforts along Sheffield Brook, east are un
uertaken. Without more extensive core drillings, one cannot estimate the total 
volume of earth along Sheffield Brook, west which will have to be removed, but 
it is probably a fraction of the 5,000 to 10,000 cubic yards estimated by the 
NRC for Sheffield Brook, east. in comparison to Sheffield Brook, east, the 
radiation levels west of Farmingdale Road along the Brook are lower and the 
contamination band is narrower.  

Regarding the soccer fields, while I would have preferred additional read
ings by the NRC since this is a low-lying area, prone to flooding, "he levels 
appear quite low. The one core drilling which was taken shows radiation levels 
lower at the surface than below ground indicating that the surface was scraped 
and top soil added. The surface reading is near EPA interim standards. :ýe
sults of a radiation survey by Concerned Citizens of Wayne also show quite low 
levels in the field- and higher levels along Sheffield Brook.  

I recommend that the area on both sides of Sheffield Brook, w'est, be temp-.  
orarily fenced off and posted with warning signs such as, "Keep Out, Contamin
ated Area", signed by the Township of Wayne. The fencing can be removed when 
the brook area is scraped. With this temporary fencing of the Brook, I believe 
the field area can be opened, with little hazard to the users of the Park.  

I have not yet consulted with the NRC or DEP on these recommendations. i 
intend to do that Mionday, September 13 and will keep you informed if they strongly.  
disagree with the above.  
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September 22, 1982 
MEMO 

TO: Mayor W. Jasinski, Town Council, A. Bartolozzi 

FROM: M. Resnikoff, Town Con6ultant on Thorium Contamination 

RE: Sheffield Park Hazard 

The background radiation readings for the Township of Wayne are 8 to 
10 microroentgens per hour (,MR/h), or 87 millirems per year. This is meas
ured at'a 3' height and is due to natural radiation in the soil, particul
arly potassium-40. Additional natural radiation arises from cosmic rays and 
other sources.  

The radiation levels measured by the Health Department, at a 10" to 
12" height, show background radiation levels on line "A", the west side of 
Sheffield Park pa-alleling Farmingdale Road and furthest from Sheffield 
Brook, but rise as one moves closer to Sheffield Brook. The levels on the 
east side of soccer field #1 are twice background levels and, in isolated 
cases, run as much as 3 times background. This is consistent with the radio
activity washing from Sheffield Brook during flood periods. The readings 
taken by the Wayne Health Department are higher than those taken by the Nuc
lear Regulatory Commission and Concerned Citizens, though many more of them 
were taken. In case of dispute, I have some confidence in the measurement 
methods and techniques of the NRC, though I differ with them on other matters.  

To put these radiation readings into perspective, the radiation eman
ating from the ground is primarily gamma rays which behave similar to X rays 
but are more energetic. There is no safe levels of radiation; the greater 
the radiation dose, the more likely it is that cancers and genetic and health 
effects can occur. No one can certify that the levels are safe, but the Town 
can make a decision based on the costs in terms of health effects versus the 
benefits of using the fields.  

What are the costs? One must estimate the number of hours of use 
and the number of persons who use Sheffield Park. Assuming 100 persons use 
the Park 12 hours per day, 365 days per year (this must be a high estimate) 
and assuming that the average dose above background is 10, R/h, the total 
additional dose to all persons due to thorium contamination would be 

100 persons x 12 hours/day x 365 days/year x l0AmR/h = 4.38 person-rems/y 

This is a direct radiation dose to the whole body. How many cancers are ex
pected from this whole body dose? Rather than choose one number in this con
troversial area of the health effects due to low level ionizing radiation, I 
would prefer a range. 'The number employed in numerous references is 125 
cancers per million person-rems. Some would argue lower. On the high side, 
based on a study of radiation workers at Hanford, WA, is an estimate of 
3770 cancers per million person-rems. Therefore, one expects 0.00055 to 
0.0165 additional cancers to occur for each year's exposure, for the num
ber of person-hours mentioned above. More or less people may be in the Park, 
but the expected number of additional cancers is clearly low. There are 
some caveats. These radiation doses will occur year after year and are 
additive, as are the number of projected cancers. Further, genetic effects 
will also occur, probably at the same levels.
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Other radiation pathways are through inhalation and ingestion. I con
sider these pathways lesser hazards at the ball field area, but there are not 
complete radiation readings here. The inhalation hazard is not due to radon 
gas, in the case of Sheffield Park, because radon gas in the thoriurm-232 
chain is short-lived (55 sec) and would primarily stay in the ground. I 
believe that the radiation readings which the NRC has taken on the Grace & Co.  
site will bear this out. The hazard is due primarily to inhaling dust con
taminated with thorium, bismuth, polonium, thallium and lead. Depending on 
the particle size, this radioactivity could reside in one's lungs for many 
years, providing a continual lung dose, possibly leading to lung cancer. I 
believe that this is a lesser hazard because even for uranium miners, lung 
cancers primarily arose from radon (which has a recognizable and distinctive 
cancer) and not from particulates.  

The other radiation pathway is through ingestion, by drinking radio
actively contaminated water, for example. My primary concern here is soluble 
radium in water, but perhaps ball players may eat contaminated dirt. Soil 
sample measurements were not fully taken by the NRC, but I expect that they 
would run roughly proportional to the beta-gamma readings. Without further 
information, it is impossible to be more specific. Radium, in soluble form, 
when ingested, is a bone seeker and would lead to leukemias. In uranium 
mining areas, such as Grand Junction, CO, it is not lung cancers, but leu
kemias which are much above the national average. Based on the radiation 
beta gamma readings on the field, I would expect this to be the least of the 
three hazards at the playing field.  

I should add, after talking to several members of Concerned Citizens, 
that I am sympathetic to their concern about having temporary solutions, such 
as fencing off the Brook, become permenant ones. The radiation levels along 
Sheffield Brook run much higher, particularly on the east side of Farmingdale 
Road, and for several reasons, I consider the Brook hazard much greater. I 
support cleanup of Sheffield Brook and consider fencing a temporary expedient.
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A. INTRODUCTION

History 

In 1948, Rare Earths, Incorporated, began its operation at the Wayne, 

New Jersey, site to extract thorium and rare earth compounds from ore.  

With the passage of the Federal Atomic Energy Act in 1954, Rare Earths, Inc., 

received an AEC (Atomic Energy Commission) license in 1954 to possess 

monazite ore. In 1956, Rare Earths, Inc., became affliated with the Davidson 

Chemical Company, a division of W. R. Grace and Company. Monazite processing 

activities continued under W. R. Grace through 1971.  

Most of the monazite handled by Rare Earths/W. R. Grace were from 

Idaho, Australia, or Malaysia. Alluvial monazite sands containing typically 

60% rare earth oxides and 3-4% thorium oxide were processed at this site. In 

the processing to extract rare earths and thorium, various waste streams 

were produced. Some of the wastes such as tailings, yttrium sludges, and 

sulphate residues were buried on-site. Sheffield Brook was the discharge 

point for treated liquid effluents.  

In 1971, W. R. Grace ceased processing monazite ore and amended its AEC 

license for storage only. In 1975, after decommissioning of the site, the 

AEC terminated the storage license and released the site for unrestricted use, 

provided the land deed indicated that radioactive material is buried on the 

property.  

In 1980, the New Jersey Department of Environmental Protection requested 

that an aerial survey be performed over the W. R. Grace facility in Wayne, 

New Jersey. The request was initiated by DEP to determine the radiological 

condition of former radiation facilities. The November.1981 report on the 

aerial survey performed in May 1981 by EG & G indicated elevated radiation 

levels at the plant site and an area west of the plant. The U.S. Nuclear 

Regulatory Commission's preliminary field survey verified that elevated 

radiation levels existed along Sheffield Brook. It was determined that a 

more detailed radiological survey was needed to provide information on the 

extent and degree of the contamination. Radiological surveys of the off

site areas were performed in April and May 1982 by the Oak Ridge Associated 

Universities (ORAU) for the U.S. Nuclear Regulatory Commission and by the 

Bureau of Radiation Protection for the New Jersey Department of Environmental 

Protection.
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N.J. DEP Radiological Survey 

The radiological survey by DEP covered: 

a. Measurement of gamma radiation with field instruments 

along Sheffield Brook and associated areas.  

b. Measurement of radionuclide concentrations in soil 

samples and brook sediment samples.  

c. Measurements of radioactivity in water samples from 

Sheffield Brook, Pompton River, and nearby wells.  

d. Measurment of radon gas (Rn-222) concentration in 

air as a result of radium in soil.  

The report is arranged such that sections on gamma radiation, soil 

samples, water samples, and air samples include sampling procedures, 

analytical technique, and data obtained. The final section of the report 

will compare the radiological data with radiological standards.
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B. SITE DESCRIPTION

The study area is located in the western half of Wayne Township in 

Passaic County along Sheffield Brook, a tributary to the Pompton River.  

Sheffield Brook originates east of the W. R. Grace property at 868 Black 

Oak Ridge Road flowing in a westerly direction onto the Grace Property. A 

drainage ditch empties into the brook in the back (east section) of the 

property. The brook flows west from the Grace property via a conduit under 

the parking lot, reemerging 200 meters to the west on the south side of 

Pompton Plains Cross Road.  

The Sheffield Brook, at this point, flows 200 meters southwesterly in 

a straight channel. Spoils from past dredging operations are found along 

the banks of the stream, especially the west bank. These berms are covered 

with heavy brush, but grass and trees become dominant at distances ten or 

more meters from the brook. Indication of past farming activities are 

evident in this area.  

A tributary empties into the Sheffield, 75 meters south of the road, 

originating behind commercial buildings across the street from W. R. Grace.  

At the end of the channel, the brook turns west and proceeds towards 

Farmingdale Road. On the south side of the brook, the terrain rises 

rapidly (approximately 20 feet elevation) under a cover of trees and shrubs.  

To the north, the land is wet and marshy, covered by tall grass.  

West of Farmingdale Road, the brook turns south, navigates another 175 

meters before emptying into the Pompton River. Along this stretch, soccer 

and ball fields are found to the west and a wooded area with elevated dirt 

path to the east.  

An area subject to periodic flooding is located to the north of the 

brook (where it turns south past Farmingdale Road). This low area (two 

meters below the elevation of the dirt path) continues north for 125 meters 

under heavy brush. A conduit behind the pumping station on Farmingdale Road 

permits movement of water further north, continuing towards Pompton Plains 

Cross Road. It continues under the road, and north towards the'spillway 

on the Pompton River.
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C. FIELD MEASUREMENT OF GAMMA RADIATION LEVELS

Field Survey 

A surface gamma radiation survey was performed along Sheffield Brook, 

its tributaries and related areas in order to determine the extent of the 

radiation contamination identified in the aerial survey. Over 38,000 m of 

area west of W. R. Grace site was surveyed with a sodium iodide (NaI(Tl)) 

scintillometer (see Figure 1).  

In conducting the survey, a center line was established along the main 

channel of Sheffield Brook. In areas not obstructed by heavy shrubbery and 

vegetation, ground level gamma radiation readings were taken every 10 meters 

(otherwise, 50 meter intervals) down the brook and at five meter intervals 

away from the brook. Readings were taken extending out 20 to 40 meters on 

each side at the brook, but in a few cases, extended beyond 100 meters until 

background readings were obtained.  

Ground level measurements taken with a scintillometer were recorded in 

counts per minute (cpm). The scintillometer response to a uniform background 

gamma radiation field in the Wayne area was determined to be 1000 cpm. About 

4000 field measurements were used to develop a map of the gamma radiation 

levels in Sheffield Brook area. Because of the large area surveyed, the map 

is divided into four parts (see Figures 2A, 2B, 2C and 2D).  

The scintillometer was field calibrated over a range of gamma radiation 

fields against a pressurized ionization chamber. Consequently, the scintil

lometer count rates can be converted to exposure rates in microroentgens per 

hour (pR/hr). The conversion factor is 113 cpm = 1 pR/hr.  

Field Survey Results 

Ground level exposure rates ranged from 7 to 354 pR/hr. Higher readings 

(a maximum of 354 PR/hr) were found east of Farmingdale Road. Lower 

exposure rates (a maximum at 151 pR/hr) were found in areas west of 

Farmingdale Road.  

In Figure 2A, the region with a maximum ground level rate of 354 UR/hr 

was found along a narrow berm on the west bank. This berm appears to have 

resulted from dredging operation at the brook. Exposure rates over 40 PR/hr 

are generally confined to the first ten meters on either side of the stream.
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In Figure 2B, the highest exposure rates are confined to the northern 

bank in a low lying area to the west. As noted above, the highest exposure rate 

is 354 pR/hr. North of the brook, elevated exposure rates extended 30 to 

40 meters. South of the brook, exposure rates drop off rapidly because of 

the steep enbankments. Residential homes at the top of the enbankment are 

consequently exposed only to natural background rates. Commercial structures 

located north of the brook are also in an area of background levels.  

To the west at Farmingdale Road, three small regions exceeded 90 PR/hr.  

Following the brook to the south of the access road (Figure 2C), contamination 

was limited to the first 10 meters along east and west banks at the brook.  

The maximum exposure rate of 151 pR/hr was found on a small mound just south 

of the access road on the west bank.  

The long narrow strip of contamination seen in Figure 2D is a drainage 

ditch originating at Sheffield Brook heading north through a conduit behind 

the pumping house toward Pompton Plains Cross Road. This is bordered to the 

west by a dirt path and is generally two meters lower than the path.  

Exposure rates ranged from 115 pR/hr at Sheffield Brook to 17 iiR/hr at 

Pompton Plains Cross Road. The drainage ditch continues north under Pompton 

Plains Cross Road where a small area with a maximum rate of 26 haR/hr was 

found. Also in Figure 2D, a small area north at the access road and west of 

the dirt path is fed by a conduit where a maximum rate of 35 pR/hr was 

found. The only contamination found on the playing fields was an area 

around the soccer goal closest to the access road. A maximum exposure rate 

of 22 pR/hr was measure.

- 6-
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D. SOIL AND SEDIM4ENT SAMPLING 

Sample Collection and Analysis 

Surface soil samples were collected at various locations along the 

surface gamma survey grid. Along Sheffield Brook, profile soil samples were 

collected at the banks and at 5 and 10 meters from the brook. Sediment 

samples were taken in the brook at 50 meter intervals whenever possible.  

Bias samples were taken in areas not systematically sampled when field 

investigations indicated the need. Such areas are the soccer field and 

northern run-off area located west of Farmingdale Road. Figures 3A and 3B 

identify the soil sampling locations. Figures 4A and 4B identify the sediment 

sampling locations.  

Surface samples were collected with a garden trowel to a depth of 15 

centimeters. About 1,000 grams of soil was taken per sample. Samples 

were bagged, sealed with tape and marked with location, date and instrument 

reading. At the laboratory, samples were dried for 24 hours at 1050 C and 

mechanically crushed in order to pass through a 10 mesh sieve, A 372-cc 

sample was put into a cottage cheese container and sealed, A minimum of three 

weeks elapsed before counting to allow radionuclides to reach secular 

equilibrium.  

Samples were counted for a minimum of 5,000 seconds on a coaxial 

instrinsic germanium detector coupled to a multi-channel analyzer. Low 

activity samples were counted longer, usually 10,000 or 30,000 seconds.  

Peaks were identified and quantified by computer analysis, The following 

energy peaks were identified and concentrations calculated for: 

Ra-226 352 keV (Pb-214 peak) 

609 keV (Bi-214 peak) 

1764 keV (Bi-214 peak) 

Th-232 239 keV (Pb-212 peak) 

583 keV (Tl-208 peak) 

911 keV (Ac-228 peak) 

K-40 1460 keV

- 11 -



Soil and Sediment Results 

Results of radiological concentrations in soil and sediment samples are 

tabulated in Tables 1 and 2, respectively. Due to the meandering nature of 

Sheffield Brook, results in Tables 1 and 2 are tabulated according to side of 

the bank the samples were taken from instead of by cardinal directions. The 

left (LB) or right bank (RB) is determined by facing downstream. In Table 1, 

the number added to LB or RB refers to the distance away from the brook. For 

example, LB + 0 means left bank, zero meters from brook, and RB + 20 means 

right bank, 20 meters from the brook. For Table 2, RB and LB refer to which 

side of the stream bed the sediment sample was taken. For comparison, 

radionuclide concentrations for background soil samples are found in Table 3.  

Analytic results of gamma spectroscopy of thorium-232 decay products 

(Tl-208, Pb-212 and Ac-228) showed no quantitative difference between 

individual daughters, indicating the thorium chain is in equilibrium. Hence, 

unless otherwise noted in the tables, the Th-232 concentration is based on 

the Ac-228 (911 keV) peak. The same conclusion was reached for radium-226 

and its daughters (Bi-214 and Pb-214). Unless otherwise noted, Ra-226 

concentration is based on the Bi-214 (609 keV) peak.  

The thorium and radium concentrations in soil samples are tabulated in 

Table 2. The greatest concentrations of thorium in soil samples were found 

in two locations east of Farmingdale Road. One region was located on the 

berms found along the east and west banks of the channelized portion of the 

brook. The highest thorium concentration in this area was 562 + 5 pCi/g 

(S-14), one of eight samples with concentrations greater than 100 pCi/g.  

These berms were probably dredging spoils from past brook maintenance 

programs.  

The second area of high thorium concentration in the soil was the low 

lying wet areas north of the brook as it flows west toward Farmingdale Road.  

The greatest concentrations were 522 + 7 and 549 + 7 pCi/g (S-33 and S-34) 

along line h, 5 and 10 meters from the right bank. Deposition of the material 

was probably the result of its movement during flooding in the area.  

Generally, radionuclide concentration from soil samples collected west 

of Farmingdale Road were lower than concentrations found in samples collected 

on the east side of the road. The highest concentration of 81.7 + 2.4 pCi/g 

(S-77) was obtained for a small region to the south of the access road on a 

small mound.
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Radium-226 concentration correleated with the thorium concentration, but 

were lower by a factor of 20 to 50. The highest radium-226 concentration of 

39.5 + 8.2 pCi/g (S-32) was located east of Farmingdale Road. No samples 

west of Farmingdale Road exceeded. 5 pCi/g for radium-226.  

Sediment samples taken along the brook were lower than soil samples taken 

on land. Sediment sample data are tabulated in Table 2. The greatest concen

tration of thorium (22.2 + 0.8 pCi/g, SS-18) was obtained 100 meters from 

the brook's confluence with the Pompton River. Thorium concentration in 

sediment samples was generally higher west of Farmingdale Road than to the 

east of the road. The channeled portion of the brook had the lowest thorium 

concentration. No sediment sample had Ra-226 concentrations exceeding 

2 pCi/g.  

The potassium-40 in soil and sediment samples was determined. The 

K-40 concentration was in the range of 24 to 72 pCi/g with a mean of 30 pCi/g.

- 13 -
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TABLE 1 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 

(Concentration in pCi/g)

Location 

line a, RB + 0

Sample No.  

S-1 

S-2 

S-3 

S-4 

S-5 

S-6 

S-7 

S-8 

S-9 

S-10 

S-11 

S-12 

S-13 

S-14 

S-15 

S-16 

S-17 

S-18 

S-19 

S-20 

S-21 

S-22 

S-23 

S-24 

S-25

lin 

lin

lin

lin

lin

A"LB 

" LB 

"LB 

.e b, RB 

"RB 

"RB 

"LB 

"LB 

Le c, RB 

"RB 

"RB 

"LB 

e d, RB 

"if RB 

"it LB 

"it LB 

[e e, RB 

"RB 

"LB 

"LB 

ie f, RB 

"RB 

"RB 

"RB

0 

5 

10 

10 

5 

0 

0 

5 

10 

5 

0 

0 

5 

0 

0 

10 

5 

0 

0 

5 

20 

10 

5 

0
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Th-232 

3.9 + 0.4 

8.1 + 0.7 

244 +- 4 

103 + 2 

107 + 2 

49.8 + 1.3 

81.5 + 1.7 

125 + 3 

136 + 3 

28.2 + 1.1 

182 + 3 

104 + 2 

3.3 + 0.5 

562 + 5 

3.5 + 0.5 

4.1 + 0.2 

17.6 + 1.2 

11.1 + 0.7 

8.2 + 0.6 

5.3 + 0.2 

19.6 + 1.1 

6.9 + 0.5 

29.9 + 1.1 

8.2 + 0.6 

15.4 + 0.3

Ra-226 

0.8 + 0.1 

1.0 + 0.2 

10.3 + 0.9 

3.6 + 0.5 

6.0 + 0.6 

2.5 + 0.4 

3.5 + 0.5 

6.0 + 0.6 

6.2 + 0.6 

2.8 + 0.8(2) 

7.9 + 0.8 

5.3 + 0.5 

MDA 

29.3 + 1.5 

MDA 

1.0 + 0.1 

1.7 + 0.25 

0.8 + 0.25(1) 

1.0 + 0.2 

1.0 + 0.1 

2.2 + 0.5 

1.0 + 0.2 

1.5 + 0.3 

NDA 

1.2 + 0.1



TABLE 1 - contd.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 

(Concentration in pCi/g)

Sample No.  

S-26 

S-27 

S-28 

S-29 

S-30 

S-31 

S-32 

S-33 

S-34 

S-35 

S-36 

S-37 

S-38 

S-39 

S-40 

S-41 

S-42 

S-43 

S-44 

S-45 

S-46 

S-47 

S-48 

S-49 

S-50

Location 

line f, LB + 0 

line g, RB + 20 

" RB + 10 

"RB+5 

"RB+0 

"LB + 0 

line h, RB + 20 

"it RB + 10 

"it RB + 5 

"RB+0 

"LB + 0 

line i, RB + 10 

"RB + 5 

""RB+0 

"LB + 0 

line j, RB + 0 

"It LB + 0 

line k, RB + 0 

"if LB + 0 

line 1, RB + 15 

line m, RB + 0 

" LB + 0 

line n RB + 5 

" RB+0 

" LB + 0

Th-232 

20.7 + 0.9 

77.1 + 1.9 

56.5 + 1.7 

115 + 2 

18.1 + 0.9 

3.6 + 0.2 

172 + 4 

522 + 7 

549 + 7 

31.6 + 1.1 

56.4 + 1.6 

160 + 3 

144 + 3 

19.3 + 1.0 

20.8 + 0.9 

1.6 + 0.3 

22.5 + 1.0 

48.4 + 1.0 

21.3 + 1.2 

49.7 + 1.4 

4.6 + 0.5 

9.2 + 0.6 

4.2 + 0.6 

34.0 + 0.8 

40.6 +-1.3

Ra-226 

1.3 + 0.3 

3.0 + 0.4 

MDA 

3.9 + 0.6 

1.2 + 0.3 

0.8 + 0.08 

39.5 + 8.2 

10.5 + 1.6 

14.6 + 1.6 

3.8 + i0O(2) 

2.9 + 0.5 

5.5 + 0.8 

4.9 + 0.8 

1.4 + 0.3 

1.5 + 0.3(1) 

0.7 + 0.2 

1.5 + 0.3 

3.4 + 0.3 

1.9 + 0.3 

2.8 + 0.4 

0.7 + 0.2(1) 

1.0 + 0.2 

1.2 + 0.2 

2.4 + 0.3 

2.4 + 0.4
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TABLE 1 - contd.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 

(Concentration in pCi/g)

Sample No.  

S-51 

S-52 

S-53 

S-54 

S-55 

S-56 

S-57 

S-58 

S-59 

S-60 

S-61 

S-62 

S-63 

S-64 

S-65 

S-66 

S-67 

S-68 

S-69 

S-70 

S-71 

S-72 

S-73 

S-74 

S-75

Location 

line 0, RB 

11 RB 

"i LB 

line p, RB 

"1 .LB 

line q, RB 

"It LB 

line r, RB 

"t LB

Resi

Nort

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+

5 

0 

0 

0 

0 

0 

0 

0 

0

.dence A, stream 

"it A, 10 meter 

"it B, stream 

"it B, 10 meter 

"it C, stream 

"C, 10 meter 

"D, stream 

"D, 10 meter 

"E, stream 

"E, 10 meter 

"F, stream 

"F, 10 meter 

"G, stream 

"G, 10 meter 

th of Pompton Plains
Cross Road 

50 meters South of 
Pompton Plains Cross Road 

- 20 -

Th-232 

1.6 + 0.4 

21.2 + 0.9 

22.3 + 0.4 

2.75 + 0.2 

33.7 + 1.2 

1.9 + 0.2 

9.5 + 0.8 

2.4 + 0.6 

9.45 + 0.8 

10.6 + 0.6 

1.3 + 0.15 

19.2 + 1.0 

1.5 + 0.2 

20.0 + 0.9 

1.6 + 0.2 

13.9 + 0.3 

1.5 + 0.2 

21.7 + 0.9 

2.9 + 0.2 

22.8 + 1.0 

2.8 + 0.2 

19.1 + 0.9 

2.9 + 0.2 

11.9 + 0.8 

31.2 + 1.1

Ra-226 

0.8 + 0.2 

1.6 + 0.2 

1.8 + 0.1 

1.2 + 0.1 

2.8 + 0.4 

1.1 + 0.07 

1.9 + 0.3 

1.9 + 0.5 

MDA 

0.8 + 0.2 

0.7 + 0.07 

1.9 + 0.3 

1.0 + 0.1 

1.7 + 0.1 

0.8 + 0.08 

1.2 + 0.1 

0.8 + 0.08 

1.5 + 0.3 

1.0 + 0.08 

1.6 + 0.3 

0.9 + 0.09 

1.4 + 0.3 

1.0 + 0.1 

1.2 + 0.2 

1.4 + 0.3



TABLE 1 - contd.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 

(Concentration in pCi/g)

Sample No.  

S-76 

S-77 

S-78 

S-79 

S-80

Location 

20 meters North 
of Access Road, West 
of Dirt Path 

25 meters South of 
Access Road, West of 
Dirt Path 

90 meters South of 
Access Road 

160 meters South of 
Access Road 

Goal Post on Soccer 
Field

Th-232 

23.4 + 1.3 

81.7 + 2.4 

29.7 + 1.2 

8.0 + 0.7 

5.6 + 0.5

Ra-226 

MDA

4.7 + 0.6 

1.6 + 0.4 

1.5 + 0.2 

0.9 + 0.2(1)

Explantions: 

(1) Ra-226 determined by Pb-214 (352 keV) peak.  

(2) Ra-226 determined by Bi-214 (1764 keV) peak.  

1DA (Minimum Detectable Activity) = 0.13 pCi/g 
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TABLE 2 

RADIONUCLIDE CONCENTRATION IN SEDIMENT SAMPLES

Location 

line a

Sample No.  

SS-1 

SS-2 

SS-3 

SS-4 

SS-5 

SS-6 

SS-7 

SS-8 

SS-9 

SS-10 

SS-11 

SS-12 

SS-13 

SS-14 

SS-15 

SS-16 

SS-17 

SS-18 

SS-19 

SS-20 

SS-21 

SS-22

lin 

1lit 

1lit

" C 

" d 

e 

" f 

ne k, 

k, 

ne 1

line 

line 

t f 

line 

11 

line 

'II 

line 

II

M, 

m, 

n, 

n, 

0, 

q, 

q, 

r• 

r,

RB 

LB

RB 

LB 

RB 

LB 

RB 

LB 

RB 

LB 

RB 

LB 

RB 

LB

Explanations: 

(1) Th-232 determined by Tl-208 (583 keV) peak.  

(2) Ra-226 determined by Pb-214 (352 keV) peak.  

RB: sediment location near right bank.  

LB: sediment location near left bank.  

MDA (Minimum Detectable Activity) = 0.13 pCi/g 
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Th-232 (pCi/g) 

4.2 + 0.5 

1.6 + 0.5 

1.5 + 0.1 

3.1 + 0.4 

3.6 + 0.1 

8.2 + 0.6 

11.45 + 0.6 

9.4 + 0.6 

12.4 + 0.7 

5.55 + 0.45 

5.0 + 0.5 

7.1 + 0.5 

8.5 + 0.5 

6.5 + 0.2 

2.8 + 0.1(I) 

7.7 + 0.6 

3.6 + 0.3 

22.2 + 0.8 

5.0 + 0.5 

5.55 + 0.5 

12.1 + 0.8 

11.5 + 0.7

Ra-226 (pCi/g 

0.6 + 0.15 

0.6 + 0.2 

0.6 + 0.06 

NDA 

0.06 + 0.05 

1.3 + 0.5 

1.0 + 0.2 

1.0 + 0.2 

1.5 + 0.2 

0.9 + 0.2 

1.0 + 0.2 

1.8 + 0.5(2) 

1.0 + 0.2 

0.9 + 0.07 

0.7 + 0.07 

1.0 + 0.2 

0.7 + 0.1(2) 

1.7 + 0.3 

0.8 + 0.2 

1.1 + 0.2 

1.6 + 0.3 

1.4 + 0.3

ne



TABLE 3 

BACKGROUND SOIL SAMPLES 
(Concentrations in pCi/g)

Location 

1. Pequannock, along Erie 
Lackawanna R.R. Tracks 

2. Wayne - Soccer Field 

3. Wayne - Pompton River 
Spillway 

4. Literature (ORNL/TM 7374)2 

5. Literature (UNSCEAR, 1977)3 

Soil 

Rock

Th-232 

2.2 ±0.2 

1.2 0.1 

1.8 +0.1 

0.31 to 1.5 

0.2 to 1.3 

2.2

Ra-226 

0.85 ± 0.06 

0.6 ±-0.05 

0.7 + 0.04 

0.24 to 1.4

0.3 to 1.4 

1.6

- 23 -

K-40 

28.0± 0.6 

29.1± 0.6 

27.5± 0.4

3 to 20 

27



E. WATER SAMPLING

Sample Collection and Analyses 

Surface water grab samples were taken along Sheffield Brook and 

Pompton River. These samples were analyzed for gross alpha, gross beta and 

gamma radiation. Samples were collected in one-gallon plastic containers, 

acidified, filtered, and analyzed according to EPA procedures for drinking 

water samples. Sample locations included: the Sheffield at Pompton Plains 

Cross Road, the Sheffield 50 meters east of Farmingdale Road, the 

confluence of the Sheffield and Pompton River; Pompton River 200 meters 

upstream and 100 meters downstream. These locations are shown in Figure 5.  

Well water grab samples were taken at two private residences and from 

the farm north of Pompton Plains Cross Road. Samples were analyzed for 

gross alpha, gross beta and gamma radiation. Some water samples were 

further analyzed for radium-226.  

For gamma spectroscopy, 500 ml of acidified sample was placed in 

Marinelli beakers and analyzed on coaxial intrinsic germanium detector coupled 

to a multi-channel analyzer.  

After sample was filtered, evaporated and dried, analysis for gross alpha 

and gross beta was performed on a low background proportional counter.  

Water Results 

Analytical results for seven surface samples and six residential/ 

commercial samples are contained in Table 5. The highest gross alpha and 

beta concentrations of 9.22 + 2.49 pCi/l and 8.41 + 0.99 pCi/l were found 

for a water sample from the confluence of Sheffield Brook and the Pompton 

River (W-4).
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TABLE 4 

RADIONUCLIDE CONCENTRATION IN WATER SAMPLES 

(Concentrations in pCi/i) 

Gross
Sample No. Location Description Alpha Beta

WI 

W2 

W3 

W4 

W5 

W6 

W7 

W8 

W9 

Wi0 

Wi1 

WI2 

W13

Sheffield Brook Upstream 
of Grace Property 

Sheffield Brook at PPCR 

Sheffield Brook 50 meters 
North of Farmingdale Rd.  

Confluence of Sheffield 
and Pompton River 

Pompton River 100 meters 
downstream of Sheffield 

Pompton River 200 meters 
upstream of Sheffield 

Well at Deerfield Drive 
Residence 

Well at Canton Road 
Residence 

Farm North of PPCR 
Spring 

Farm North of PPCR 
Packing House Well 

Farm North of PPCR 
Well #2 

Farm North of PPCR 
Morris Canal 

Sheffield Brook leaving 
W.R. Grace property

0.68 

1.69 

2.10 

9.22 

1.58 

0.84 

2.66 

1.91 

5.99 

5.19 

4.13 

0.82 

5.67

+ 1.62 

+ 1.86 

+ 1.57 

+ 2.49 

+ 0.99 

+ 0.93 

+ 2.35 

+ 1.87 

+ 2.71 

+ 2.71 

+ 3.11 

* 1.16 

+ 2.61

1.39 + 

6.84 + 

2.89 + 

8.41 + 

2.57 + 

2.14 + 

1.42 + 

1.60 + 

2.03 + 

1.70 + 

2.11 + 

1.68 + 

4.01 +

0.67 

0.89 

0.71 

0.99 

0.62 

0.59 

0.80 

0.71 

0.78 

0.77 

0.86 

0.58 

0.91

In all analyses, gamma spectroscopy showed no activity above the system's 
minimum detectable activity (MDA = 50 pCi/i) 

(1) Radium analysis not completed.
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Ra-226

(1) 

(1) 

0.09 + 0.06 

0.17 + 0.07 

0.13 + 0.06 

0.16 + 0.07 

(1)



TABLE 5 

RADIONUCLIDE CONCENTRATIONS IN DRINKING WATER 
(Concentrations in pCi/l)

Potable Water Sources 4 

Passaic Valley Water Commission 

Pequannock Twp. Water Department 

Pompton Lakes MUA 

Riverdale Water Department 

Wayne Twp. Water Department 

Lincoln Park Water Utility

Gross Alpha 

0.09 ± 0.30 

0.24 ± 0.52 

0.85 ± 0.35 

0.64 ± 0.40 

0.58 ± 0.43 

0.47 ± 0.36

Gross Beta 

2.48 ± 0.26 

(1) 

(1) 

(1) 

(1) 

(1)

USEPA/NJDEP Safe Drinking Water Standards (NJAC; 7:10-5.1 et seq.) 

Gross Alpha 15 pCi/i 

Gross Beta 50 pCi/l 

Ra-226 and Ra-228 5 pCi/l 

Explanation 

(1) According to procedures for Safe Drinking Water, gross beta analysis 
is not required for water supplies serving less than 100,000 users.
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F. AIR SAMPLING FOR RADON-222

Radon-222 Sampling 

Two grab samples were taken in the study area as shown on Figure 6.  

A bias sample was taken in the area known to have the highest radium-226 

levels of up to 40 pCi/g. The second one was a background sample taken in 

an area not believed to be influenced by activities at W. R. Grace.  

The samples were taken at ground level on a sunny, breezy day. Background 

for individual cells were counted the previous day. Samples were allowed to 

reach secular equilibrium before counting.  

Radon-222 Results 

Concentration of radon gas (Rn-222) in the two grab samples did not 

statistically differ, although the mean for bias sample was slightly higher.  

Radon concentration in air depends on diurnal and seasonal variations.  

Higher radon levels can be measured during the daylight hours and summer 

season. Lower levels are found in evening hours and winter season.  

As shown in Table 6, these concentrations are within the range at values 

recorded by EML at its background environmental station in Chester, New 

Jersey, and meet both State and NRC guidelines for radon concentration in air.
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TABLE 6 

GRAB SAMPLING FOR RADON-222 

Concentration of Radon-222

Location 

line n, RB + 20 meters 

Center of Soccer Field 

Values Cited in Literature 

1. UNSCEAR
3 

2. Environmental Measurement Laboratory Regional 
Chester, New Jersey.5 

Hourly Measurement Range 

Range of Yearly Averages (Arithmetic Mean) 

Standards 

NRC 10 CFR 20.106 

NJ NJAC;7:28-6.5

pCi/l + 2 sigma 

0.6 + 0.2 

0.4 + 0,1 

0.1 pCi/i 

Baseline Station, 

0.01 pCi/l to 2.6 pCi/l 

0.19 pCi/l to 0.24 pCi/i 

3.0 pCi/i 

1.0 pCi/i
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G. SUMMARY

The purpose of the radiological ground survey along Sheffield Brook 

and its tributaries was to define the extent of offsite radiological 

contamination identified in the aerial survey of Wayne, New Jersey. The 

ground survey involved taking field measurements of direct radiation and 

samples of scil, sediment, water, and air for radiological analyses.  

Generally, the topography of the surveyed area is marshy lowlands with 

extensive vegetation which is not easily accessible. An exception to this 

region is the area west of Farmingdale Road.  

Measurements of gamma radiation along the Sheffield Brook show that 

above background exposure rates were confined to within forty meters of the 

banks along the brook to the east of Farmingdale Road and to within ten 

meters of the banks along the brook to the west of Farmingdale Road. Gamma 

radiation levels ranged from background level of 7 pR/hr to 354 pR/hr.  

Gamma spectroscopic analyses show that the only significant radionuclides 

present in soil and sediment samples are related to the thorium and uranium 

decay chains. The results of analyses show thorium-232 and radium-226 in the 

soil samples to range from 1.5 to 562 pCi/g and 0.7 to 39.5 pCi/g, respectively.  

Background soil concentrations for thorium and uranium are less than 2 pCi/g.  

Results of water analyses indicate the presence of gross alpha and gross beta 

activity but no gamma activity. The results of air analyses show radon 

concentration to be within background levels.  

Federal and State Radiation Standards 

Both federal and state radiation regulations limit radiation dose for an 

individual member of the general public to 500 mrem/yr. Federal guidance 

provides an additional restriction of 170 mrem/yr for a defined segment of 

the population, There has been additional work done to establish standards 

for unrestricted use where there is no or little directly attributable benefit 

as in the case of terminated facilities, residual contamination, or remedial 

actions. The objective of these standards is to limit whole body equivalent 

dose to 10 mrem/yr or less.
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Under the Uranium Mill Tailing Radiation Control Act (UMTRCA), the U.S.  
Environmental Protection Agency established standards for remedial action 
at inactive uranium mill sites. The UMTRCA standards are 5 pCi/g above 
background for radium-226, 20 pR/hr above background for indoor gamma 
radiation exposure and 0.015 WL including background for radon progeny in 
structures (45FR27366, April 22, 1980). The limit of 5 pCi/g radium in soil 
concentration would limit external exposure rate to 10 pR/hr.  

Prior to the issuance of the UMTRCA standards by EPA, the U.S.  
Department of Energy with the New Jersey Department of Environmental 
Protection developed criteria for use at DOE remedial action projects in 
New Jersey. These criteria are 5 pCi/g above background for radium-226 and 
40 pCi/g above background for uranium-238 not in equilibrium with its 

progeny.  

In 1981, the U.S. Nuclear Regulatory Commission developed a technical 
position paper for residual thorium or uranium wastes from past processing 
facilities (46FR52061, October 23, 1981). The criteria presented varied 
according to associated land use restriction. The criteria ranged from 
5 pCi/g for thorium-232 in equilibrium with all its progeny for unrestricted 
use to 250 pCi/g for restricted use. Concentrations exceeding 250 pCi/g 
should be disposed in a facility licensed for disposal.  

Under the Safe Drinking Water Act, the U.S. Environmental Protection 
Agency established radiological standards for potable water. These standards, 
subsequently adopted by the State of New Jersey, provided a limit of 4 mrem/yr 
for water at the consumer tap. These drinking water standards were not 
established for untreated potable or nonpotable water sources, but they are 
the most stringent water standards promulgated to date. For comparison, the 
U.S. EPA/N.J. DEP drinking water limits are 15 pCi/l for gross alpha, 50 pCi/l 
for gross beta, and 5 pCi/l for radium-226 and radium-228 

Comparison of Surveyed Area to Radiological Standards 
A comparison of the area's radiological condition and current property 

use to the radiological standard for the general public, show that it is 
unlikely that an individual would receive a whole body dose that exceeds the 
radiological standard of 500 mrem/yr. However, property use can change in the 
future which may cause individuals to receive doses greater than 500 mrem/yr,
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hence evaluation of the surveyed area should be based on more stringent 

environmental standards.  

A comparison of the area's radiological condition to the most conservative 

environmental standards of 10 1.R/hr above background for external exposure 

rate and 5 pCi/g above background for thorium-232, show that about 18,000 m 2 in 

the Sheffield Brook area would not meet these standards.  

A comparison of the results of water samples taken during the survey 

show all water samples meet..standards for gross alpha and gross beta 

established for drinking water.  

Air sampling show radon-222 concentrations in the area to be within the 

background levels for New Jersey.
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I. APPENDIX



EQUIPMENT USED 

1. Eberline NaI(Tl) scintillation probe (SPA-3 Model) with 

Victoreen Thyac III (Model 490) Portable Survey Meter.  

2. Reuter Stokes Pressurized Ionization Chamber (Model RSS-lll).  

3. EDA Portable Radon Detector (RD-200) 

ZnS (Ag) Scintillator coupled to high gain photomulti lier 

and scaler (33% efficiency).  

4. Canberra Coaxial Germanium Detector with Series 85 Multi

Channel Analyzer (relative efficiency 14%) 

5. Low background proportion counter (Gross Alpha, Gross Beta, Ra-226) 

a. Tennelec LB-5110 

b. Beckman Low Beta I & II
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CALIBRATION OF SURVEY EQUIPMENT

1. Gamma Scintillation 

The NaI(Tl) scintillimeter was calibrated by the manufactures 

in December 1981. In field calibration of two inch by two inch 

NaI(Tl) scintillation probe at ground level and one meter with a 

pressurized ionization chamber (PIC) by comparing the instan

taneous count rate (counts per minute) to the exposure rate 

(microroengtens per hour) at several locations in the study area.  

PIC was calibrated at the DOE's Environmental Measurements 

Laboratory.  

2. Soil and Sediment Samples 

The Canberra Series 85 MCA (Multi-Channel Analyzer) with a 

coaxial instrinsic germanium detector was calibrated using an 

eleven point standard purchased from Amersham. Standards were 

counted in the same geometry as the soil and sediment samples.  

Amersham standards are traceable to the U.S. National Bureau of 

Standards (NBS).  

3. Water Samples 

a. gamma spectroscopy - An eleven point NBS traceable standard 

was used in a 500 ml Marinelli beaker and calibrated on the 

Canberra Series 85 MCA.  

b. gross alpha/beta and Radium-226 - Countere were calibrated 

with NBS traceable standards. The New Jersey Radiation 

Laboratory uses procedures approved by EPA and participates 

in EPA's quality assurance program.  

4. Radon-222 

The EDA Instrument's portable radon detector (RD-200) was 

calibrated at DOE's Environmental Monitoring Laboratory, 

Periodic checks with the manufacturer's check source are 

performed.
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RADIOACTIVE DECAY PROPERTIES OF THE 4 a K AND THE 2 3 2 Th SERIES 

Major radiation energies (Me V) and intensities 
Historical 

Nuclide name Half-life a 7 

"K 1.26 10' y 1.32 (89%) 1.46 (11%) 

10.7% 1 89.3% 

As "Ca Stable 

',Th Thorium 1.41 W0I' y 3.95 (24%) 1 4.01 (76%) 

.., Ra Mesothorium 1 5.8 y - 0.055 (100%) I 
"AcMesothorium 6.13 h - 1.18 (35%) 0.34 (15%) 

1.75 (12%) 0.908 (25%) 
2.09 (12%) 0.96 (20%) 

2"Th Radiothorium 1.910y 5.34 (28%) - 0.084 (1.6%) 

1 5.43 (71%) 0.214 (0.3%) 

tRa Thorium X 3.64 d 5.45 (6%) 0.241 (3.7%) 
1 5.68 (94%) 

Rn Emanation 55 s 6.29 (100%) 0.55 (0.07%) 
Thoron (Tn) 

"PoThorium A 0.15 s 6.78 (100%) 

Pb Thorium B 10.64 h - 0.346 (81%) 0.239 (47%) 10.586 (14%) 0.300 (3.2%) 

31,Bi Thorium C 60.6 min 6.05 (25%) 1.55 (5%) 0.040 (2%) 

64.0% 36.0% 6.09 (10%) 2.26 (55%) 0.727 (7%) 
1.620 (1.8%) 

1Po Thorium C' 304 ns 8.78 (100%) 

'TI Thorium C" 3.10 min 1.28 (25%) 0.511 (23%) 
1.52 (21%) 0.583 (86%) 
1.80 (50%) 0.860 (12%) 

2.614 (100%) 

', Pb Thorium D Stable
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RADIOACTIVE DECAY PROPERTIES OF THE 3 3 U SERIES
3 

is aMajor radiation energies (Me V) and intensiies 
Historical 

Nuclide name Half.life a 0 

2, U Uranium 1 4.51 10' y 4.15 (25%) 
4.20 (75%) 

16Th Uranium X, ' 24.1 d 0.103 (21%) 0.063 (3.5%) 
S0.193 (79%) 0.093 (4%) 

2v mpa Uranium X, 1.17 mrin 2.29 (9S%) 0.765 (0.30%) 

99.87% 0.13% 1.001 (0.60%) 

'tpa Uranium Z 6.75 h 0.53 (66%) 0.100 (50%) 
1.13 (13%) 0.70 (24%) 

0.90 (70%) 

2 U Uranium 1I 2.47 10' y 4.72 (28%) 0.053 (0.2%) 
1 4.77 (72%) 

lTh onium 8.0 10' y 4.62 (24%) 0.068 (0.6%) I 4.68 (76%) 0.1.42 (0.07%) 

HI Ra Radium 1602 y 4.60 (6%) 0.186 (4%) 

1 4.78 (95%) 

'ii Rn Emanation 3.823 d 5.49 (100%) 0.510 (0.07%) 

Radon (Rn) 

1,Po Radium A 3.05 min 6.00 (-100%) 0.33 (-0.019%) 
99.98% 1 0.02% 

,Pb Radium B 26.8 mrin 0.65 (50%.) 0.295 (19%) 
0.71 (40%) 0.352 (36%) 
0.98 (6%) 

'LI At Astatine -2 s 6.65 (6%) ? (-0.1%) 
6.70 (94%) 

21,Bi Radium C 19.7 min 5.45 (0.012%) 1.0 (23%) 0.609 (47%) 
99.93% 0.02% 5.51 (0.008%) 1.51 (40%) 1.120 (17%) 

3.26 (19%) 1.764 (17%) 

Pa Radium C' 164 1s 7.69 (100%) - 0.799 (0.014%) 

L. TI Radium C" 1.3 mrin 1.3 (25%) 0.296 (80%) 
1.9 (567) 0.795 (100%) 
2.3 (19%) 1.31 (21%) 

.,Pb Radium D 21 y 3.72 (.000002%) 0.016 (85%) 0.047 (4%) 

0.061 (15%) 

"Bi Radium E 5.01 d 4.65 (.00007%) 1.161 (-100%) 

-100% 1.00013% 4.69 (.00005%) 

Po Radium F 138.4 d 5.305 (100%) 0.803 (0.0011%) 

',TI Radium E" 4.19 mrin 1.571 (100%) 

'I•Pb Radiunm G Stable





Docket No. 40-00086 OCT2 7 W2 * License No. STA-422

W. R. Grace and Company 
Davison Chemical Division 
ATTN: Mr. Burton Mobley 

Manager, Environmental Control 
P.O. Box 2117 
Baltimore, Maryland 21203 

Gentlemen: 

Subject: Radiological Surveys of Sheffield Brook, Final Report 

Enclosed for your information are three (3) copies of the subject report.  
This report does not include the results of measurements made on your property 
on Black Oak Ridge Road in Wayne, New Jersey. Those results will be contained 
in a separate report.  

In accordance with Section 2.790 of the NRC's "Rules of Practice," Part, 2,.  
Title 10, Code of Federal Regulations, a copy of this letter and the enclosure 
will be placed in the Public Document Room.  

No reply to this letter is required; however, should you have any questions, 
we will be pleased to discuss them with your.  

Sincerely, 

Original Signed BY' 
John D. Kinneman 

Thomas T. Martin, Director 
Division of Engineering and 
Technical Programs 

Enclosure: 
Radiological Surveys of Sheffield Brook, Final Report (3 copies) 

cc w/encl: 
Public Document Room (PDR) 
Nuclear Safety Information Center (NSIC) 
State of New Jersey 

bcc w/encl: 
Region i Docket Room (with concurrences) 

:DETP 
Kinneman/lp 
10/27/82 

OFFICIAL RECORD COPY 
o211o2015 e21027 

PDR ADOCK 04000086 
C PDR 

ITEM # .



i.., 

Prepared by 
Oak Ridge Associated 
Universities 

Prepared for 
Division of Fuel 
Cycle and 
Material Safety 

U.S. Nuclear 
Regulatory 
Commission

V

L.

RADIOLOGICAL SURVEY 

OF 

SHEFFIELD BROOK 

WAYNE, NEW JERSEY 

P W. FRAME 

Radiological Site Assessment Program 
Manpower Education, Research, and Training Division 

FINAL REPORT 

October 1982

8211020145 621027 
PDR ADOCVK 05000086 
C PDR



RADIOLOGICAL SURVEY 
. OF 

SHEFFIELD BROOK 
Wayne, New Jersey 

Prepared for 

Division of Fuel Cycle and Material Safety 
U.S. Nuclear Regulatory Commission 

P.W. Frame 

Project Staff

J.D.  
L. W.  
R. D.  
P.R.  
G. R.

Berger 
Cole 
Condra 
Cot ten 
Foltz

R.C. Gentry 
B.M. Putnam 
T.J. Sowell 
C.F. Weaver

I.

Prepared by

Radiological Site Assessment Program 
Manpower Education, Research, and Training Division 

Oak Ridge Associated Universities 
Oak Ridge, Tennessee 37830 

FINAL REPORT 

October 1982 

This report is based on work performed under Interagency Agreement DOE No.  

40-770-80, NRC Fin. No. A-9093-0 between the U.S. Nuclear Regulatory Commission 

and the U.S. Dept. of Energy. Oak Ridge Associated Universities performs 

complementary work under contract number DE-AC05-76OR00033 with the U.S. Dept.  

of Energy.

U'I



TABLE OF CONTENTS

Liýt of Figures.  

List of Tables 

Introduction . . .  

Site Description 

Survey Procedures.  

Results. . ....  

SuImMary .........  

References ....  

Appendices: 

Appendix A: 

Appendix B: 

Appendix C: 

Appendix D: 

Appendix E:

PAGE 

ii 

iv 

1 

2 

4 

8 

17 

54

Glossary of Terms 

Thorium and Uranium Decay Series 

Major Analytical Equipment 

Analytical Procedures 

Evaluation of Radiation Exposures 
Along Sheffield Brook, Wayne, New Jersey

i

. .D . . . . . . . . . . . . . . . . .

. . . . . . . . . .  

. . . . i. . . . . .

. . . . . . . . O . .

.• . . . . . . . . .



LIST OF FIGURES

Map of Northeastern New Jersey 
Indicating the Location of 
W.R. Grace Company ....... .............  

Portion of Wayne, NJ, Indicating 
the Locations of the W.R. Grace 
Property, Sheffield Brook and 
Associated Streams ........... .. .....

FIGURE 1: 

FIGURE 2: 

FIGURE 3: 

FIGURE 4: Map of Sheffield Brook, East of 
Farmingdale Road, Indicating 
Locations of Soil Samples . . .  

Map of Sheffield Brook, West 
of Farmingdale Road, Indicating 
Locations of Soil Samples 

Map of Sheffield Brook and 
Vicinity Indicating Locations 
of Soil, Sediment, Water, and 
Vegetation Samples. . . . . ..  

Map of Sheffield Brook, East 
of Farmingdale Road, Indicating 
Locations of Sediment Samples .

PAGE 

19 

19 

20

21

* . . . . . .  

* . . . . . .

22 

23 

24

FIGURE 8: 

FIGURE 9: 

FIGURE 10: 

FIGURE 11: 

FIGURE 12:

Map of Sheffield Brook, West 
of Farmingdale Road, Indicating 
Locations of Sediment Samples ........  

Plan View of Storm Sewer System Feeding 
Sheffield Brook, Indicating Locations of 
Sediment and Water Samples .... ...........  

Locations of Background Measurements 
and Baseline Samples in the 
Wayne-Pompton Plains Area .... ......... .  

Exposure Rates (,4R/h) at 1 m Above the 
Surface Along Sheffield Brook, East of 
Farmingdale Road ........ ................  

Exposure Rates (,4R/h) at 1 m Above the 
Surface Along Sheffield Brook, West of 
Farmingdale Road ........ ................

ii

* Aerial Photograph of Portion of 
Wayne, NJ, Indicating the Locations.  
of the W.R. Grace Property, Sheffield 
Brook, and Associated Streams . ....

FIGURE 5: 

FIGURE 6:
r_-

FIGURE 7:

25 

26 

27 

28 

29

D • g



FIGURE 13: 

FIGURE 14:

FIGURE 15: 

FIGURE 16: 

FIGURE 17: 

FIGURE 18:

Surface Beta-Gamma Dose Rates (urad/h) 
Along Sheffield Brook, East of 
Farmingdale Road ............. . . ..  

Surface Beta-Gamma Dose Rates (Crad/h) 
Along Sheffield Brook, West of 
Farmingdale Road ............ .. .  

Surface Exposure Rates (;R/h) Along 
Sheffield Brook, East of Farmingdale Road . .  

Surface Exposure Rates (,iR/h) Along 
Sheffield Brook, West of Farmingdale Road . .  

Distribution of Thorium Contaminated 
Soil Along Sheffield Brook, East of 
Farmingdale Road. . .............  

Distribution of Thorium Contaminated 
Soil Along Sheffield Brook, West of 
Farmingdale Road. . . . ..........

F 

L

iii

30 

31 

32 

33 

34 

35

1..  

I-



. LIST OF TABLES 

TABLE 1: Radionuclide Concentrations in Baseline 

Soil, Vegetation, and Water Samples . . ... . . 36 

TABLE 2: Radionuclide Concentrations in 
Soil Samples. . . . . . . . . . . . . . . . . . 38 

TABLE 3: Radionuclide Concentrations in Additional 
Soil Samples From the Vicinity of 
Sheffield Brook . . . ........... .. . 48 

TABLE 4: Radionuclide Concentrations in Sediment 
Samples ... ...... . . . . . . . . . .49 

TABLE 5: Radionuclide Concentrations in Water Samples.. 51 

TABLE 6: Radionuclide Concentrations in Additional 
Water Samples From the Vicinity 

- of Sheffield Brook ...... ................ 52 

TABLE 7: Radionuclide Concentrations in Vegetation 
Samples ........................ ............ 53 

iv



RADIOLOGICAL SURVEY 
• OF 

SHEFFIELD BROOK 
Wayne, New Jersey 

INTRODUCTION 
C-., 

In 1948, Rare Earths, Inc., of Wayne, New Jersey, began 

processing monazite sand to extract thorium and rare earths. The 

facility was acquired by the Davison Chemical Division of W.R. Grace 

and Co. in 1957; thorium ore processing activities continued until 

July 1971 when the plant was permanently closed. In 1974, Applied 

S- Health Physics Inc. decontaminated the buildings and the property 

was released by the Nuclear Regulatory Commission (NRC) for 

unrestricted use in January 1975. The buildings are currently under 

lease to, and occupied by, Electro-Nucleonics, Inc.  

Solid wastes containing low (less than approximately 5%) 

concentrations of thorium were disposed of by on-site shallow land 

burial. These wastes included thorium-containing residues and 

slightly contaminated debris. Detailed records of quantities and 

compositions of waste and their exact burial locations were 

destroyed in a fire at the facility May 1977. Potentially 

contaminated liquid wastes were discharged into a small drainage 

stream that flows through the site.  

In January 1981, as part of a review of formerly licensed 

facilities, the Nuclear Regulatory Commission measured direct 

u• radiation levels and radionuclide concentrations in soil on the 

W.R. Grace property. The results of these measurements indicated 

that exposure rates and soil contamination levels exceeded the 

present criteria for unrestricted use of the site. The State of New 

Jersey was represented at this survey and requested, through the 

U.S. Environmental Protection Agency, an aerial radiological survey 

"" of the site. In May 1981, the aerial survey was conducted by 

EG & G. This aerial survey identified elevated radiation levels



on the W.R. Grace site and west of the site, along Sheffield Brook. 1 

The NRC performed confirmatory measurements along the brook in 

November 1981 and noted radiation levels up to 200 iR/h and elevated 

concentrations of thorium in bank soil and stream sediment. 2 

At the request of the NRC Division of Fuel Cycle and Material 

Safety, a radiological survey of the Sheffield Brook area was 

conducted April 26 .- May 1, 1982, by the Radiological Site 

Assessement Program of Oak Ridge Associated Universities (ORAU), 

Oak Ridge, Tennessee. Supplemental measurements and sampling were 

performed during the period of August 8-15, 1982. This report 

presents the findings of those surveys.  

A glossary of technical and nuclear terms and schematic 

representations of the naturally-occurring thorium and uraniu= 

radioactive decay series have been provided in Appendices A and B, 

respectively, to aid the reader in interpreting this report.  

SITE DESCRIPTION 

The W.R. Grace property is located at 868 Black Oak Ridge Road 

about 2 km east of Pompton Plains and 3 km north of Wayne, in the 

northeast corner of New Jersey (Figure 1). Pompton Plains is 

situated on the west bank of the Pompton River and the W.R. Grace 

property and Wayne are located east of the river. The site occupies 

rF approximately 2.6 hectares most of which is surrounded by -a chain 

Slink security fence. Two office buildings and a warehouse are the 

main structures on the site. The eastern and northern sections of 

the site are wooded and heavy brush and weeds grow along a small 

drainage stream. The land generally slopes toward the west and 

northwest.  

Figure 2 shows the location of Sheffield Brook and associated 

drainage streams. A small drainage stream enters the W.R. Grace

2



site near its southeast corner. This stream flows north, then west, 

and prior to leaving the property, en.ers a conduit. This conduit 

carries the water into a tank where it is mixed with the overflow 

L.J from an on-site artesian well. The water then flows under the 

company's north parking lot to Black Oak Ridge Road where it 

combines with two storm sewer lines. It resurfaces approximately 

150 m west of Black Oak Ridge Road, along the southern edge of 

Pompton Plains Cross Road. From this point, it flows southwesterly 

in a straight channel for approximately 100 m. There it joins with 

Sheffield Brook, another storm drainage stream originating about 

100 m southwest of the W.R. Grace property. (Sheffield Brook was 

initially the overflow from Sheffield Pond, which was located just 

north of the brook's present origin. This pond was filled in 

approximately 10-20 years ago.) 

The combined flow of Sheffield Brook and the W.R. Grace 

drainage stream continues in the straight ditch channel for another 

100 m then turns west and continues in that direction until it 

passes under Farmingdale Road. West of Farmingdale Road the brook 
L.÷ 

turns south and flows through a public park for approximately 150 m 

until it empties into the Pompton River.  

V. East of Farmingdale Road, along the straight channel portion of 

the W.R. Grace drainage stream and Sheffield Brook, the land is 

relatively level. There are, however, small mounds of soil 

L_ scattered along the banks in this area, apparently from periodic 

dredging of the ditch. Dense brush on both sides of the bank make 

Saccess to this section of the stream and brook difficult. Beyond 

about 5 m from the ditch the land becomes open field containing 

scattered trees and tall grass. After the straight channel section, 

the brook flows from east to west and the bank on the south side of 

the brook becomes steeper, rising sharply for approximately 5 m.  

These banks are covered by brush and trees. North of the brook in 

"this section the land is primarily low, soggy, open field, subject 

to periodic flooding. Along the portion of the brook west of 

Farmingdale Road the east bank is overgrown with brush and trees, 

U 3



*• while the western bank is comparatively accessible from the park 

property. An aerial photographý of the Sheffield Brook area is 

provided as Figure 3.  

SURVEY PROCEDURES 

Objectives 

The objectives of this survey were to determine: 

1. direct radiation levels along Sheffield Brook, and 

2. concentrations of radionuclides in soil, sediment, water, 

and vegetation from the vicinity of the brook.  

Plan 

The survey plan included the following activities: 

1. Exposure rate measurements at 1 m above the surface for 

"" selected points along Sheffield Brook and associated 

streams.  

2. Dose rate measurements at 1 cm above the surface for each of 

the locations where gamma measurements at 1 m were taken.  

3. Monitoring of gamma radiation levels at the surface along 

Sheffield Brook and associated streams.  

4. Collection of surface soil and subsurface soil from along 

Sheffield Brook, associated streams, and adjacent 

"properties.  

5. Collection of sediment samples along Sheffield Brook, its 

associated streams, and from the storm sewer system between 

W.R. Grace and Sheffield Brook.
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6. Collection of water samples from streams, storm sewers, and 

local wells.  

7. Collection of vegetation samples along the brook.  

8. Sampling and measurements' at off-site locations to provide 

baseline and background data for comparison.  

Measurement of Direct Radiation 

The brook was divided into 50 m intervals between the Pompton 

River and the juncture with the small drainage stream. Fifty meter 

intervals were also established along the drainage stream from the 

juncture to the point of emergence at Pompton Plains Cross Road. At 

each of these intervals, exposure rates at I m above the surface were 

systematically measured at the edges of the brook and at 5 and 10 m 

from the edges. Measurements were also taken where the brook entered 

or exited conduits. Nal(TI) scintillation ratemeters, 

field-calibrated using a pressurized ionization chamber, were used to 

measure exposure rates.  

Beta-gamma dose rates at 1 cm above the surface were measured at 

each location where the 1 m gamma exposure rates were measured. These 

"measurements were performed using G-M detectors and scalers. To 

* - evaluate contributions from both penetrating and non-penetrating 

radiations the measurements were made with the probes in. both the 

open- and closed-shield configurations.  

Three 50 m intervals were established along Sheffield Brook, 

upstream from its juncture with the drainage ditch from the W.R. Grace 

Ssite. Exposure and dose rates were measured at 1 m and 1 cm, 

respectively, above the surface at these intervals along the stream 

bank.

5



Using NaI(Tl) gamma scintillation ratemeters, walkover surface 
scans were performed to a minimum of 10 m on either side of Sheffield 
Brook and associated streams from Pompton Plains Cross Road to the 
Pompton River. General radiation levels and locations of 
significantly elevated levels were noted.  

Soil Sampling 

At 50 m intervals along the W.R. Grace drainage stream and 
Sheffield Brook, surface (0-5 cm) soil samples were collected from 
both banks and at 5 or 10 m (alternating) from the water's edge.  
Sampling at these intervals was also extended to 100 m from the stream 
in the area east of Farmingdale Road. Surface samples were also 
collected from the banks at 50 m intervals along the upper section of 
Sheffield Brook and from one of the drainage streams west of 
Farmingdale Road. Subsurface (30 cm, 60 cm, and 90 cm) samples were 
collected at about 20% of these 50 m interval locations where surface 
samples were obtained. Additional subsurface and/or surface soil 
samples were collected at locations where direct measurements 
identified elevated radiation levels, and on other properties in the 
vicinity of the Sheffield Brook site. Soil sampling locations are 
indicated in Figures 4, 5, and 6.  

Surface soil samples were collected using a garden trowel from 
which residual soil was cleaned between samples. Subsurface samples 
were collected from 15 cm diameter holes drilled with a portable 
motorized auger.  

Sediment Sampling 

Two sediment samples were collected at each of the 50 m intervals 
along Sheffield Brook and the W.R. Grace drainage stream. Samples 
were obtained using a garden trowel and traversing the bottom of the 
stream from its center toward the edge. Thus a sample was collected 
for each side of the stream at each interval. Sediment samples were 
collected at four locations in Sheffield Brook upstream of the
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juncture with the W.R. Grace drainage ditch and at four locations in 

the Pompton River - two upstream and two downstream of the juncture 

with Sheffield Brook. Samples were also obtained at five locations in 

the storm sewer system servicing the W.R. Grace site. Locations of 

these sediment samples are indicated on figures 6, 7, 8, and 9.  

Water SamDling 

Surface water samples were collected from the drainage ditch on 

"the W.R. Grace property and at four locations along Sheffield Brook.  

"Samples were also collected from the Pompton River both 100 m and 

500 m upstream and downstream of the juncture with Sheffield Brook.  

Samples of water were obtained from five locations in the storm drain 

system feeding Sheffield Brook. Two samples of surface water and 

seven well water samples were obtained from the vicinity of Sheffield 

Brook and from local residents.  

Locations of these water samples are indicated on Figures 6 

and 9.  

Due to questionably high gross alpha and gross beta 

concentrations measured in sample 6 from 100 m downstream on the 

Pompton River, this location was resampled.  

° Vezetation Samplinz 

on the original visit to the site, April 26 - .May 1, 1982, 

vegetation samples were collected at five locations in the vicinity of 

Sheffield Brook (see Figure 6). These samples were analyzed without 

prior washing. Additional samples were collected from four of these 

locations as well as three new locations during the second visit to 

the site, August 8-15. These samples were washed before analysis to 
L 

remove any surface contamination.  

7



Bas'eline and Background Measurements

Five soil samples, two water samples, and two vegetation samples 
were collected at locations 0.3 to 10 km from the W.R. Grace and -- Sheffield Brook sites. Direct background radiation levels were 
measured at the locations of the soil samples. Figure 10 indicates 
the locations of these baseline samples and background measurements.  

EguiDment and Analvtical Procedures 

Appendix C contains a list of the major equipment and 
instrumentation used for this survey. Analytical procedures are 
"described in Appendix D.  

RESULTS 

Background Radiation and Baseline Concentrations 

Background exposure rates in the Wayne-Pompton Plains, NJ, area 
ranged from 6-12 IjR/h; surface beta-gamma dose rates ranged from 10 to 
24 prad/h.  

Baseline radionuclide concentrations in soil, vegetation, and water are presented in Table 1. The concentrations in these samples 
are typical of those normally encountered.  

Direct Radiation Levels 

Exposure Rates at 1 Meter Above the Surface 

Exposure rates measured systematically at 1 m above the ground at 
the edge of the stream/brook ranged from 8 i.R/h to 170 hR/h, averaging 
51 uR/h. At 5 m from the edge the exposure rates ranged from 9 'gR/h 
to 270 ,;R/h, averaging 58 hR/h; at 10 m the range was from 8 ,R/h to
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250 1uR/h, with an average value of 38 DR/h. Levels had decreased to approximately background at greater than 25 m from the stream/brook.  These 1 m exposure rates are presented on Figures 11 and.12.  

Beta-G•uma Surface Dose Rates 

Surface beta-gamma dose rates ranged between 10 and 600 irad/h (see Figures 13 and 14). Differences between the open- and closed-shield measurements were less than 20%, indicating a relatively small contribution from beta and low-energy photon radiations.  

Surface Walkover Survey 

Surface exposure rates measured during the walkover scan of Sheffield Brook and associated drainage streams ranged from 6 AR/h (background) to 420 ;R/h. These exposure levels are presented graphically on Figures 15 and 16. Higher levels were noted in two general areas. One was a narrow strip, approximately 10 m wide and 150 m long, centered near the juncture of the drainage ditch with Sheffield Brook. This region of elevated radiation levels extended on either side of the straight channel portion of the drainage stream and brook for most of its length. Highest levels were mainly near small mounds of earth along the bank, believed to be material from dredging of the channel. Maximum contact radiation levels measured in this area were 420 PR/h and 365 uR/h, both associated with mounds of earth.  The other generally elevated area was centered approximately 100 m east of Farmingdale Road on the north side of Sheffield Brook. This elevated region is approximately 150-200 m long and 20-40 m wide. It is in a flat low area, subject to flooding. The maximum surface level measured in this area was 405 uR/h.  

Surface radiation levels were considerably lower along the portion of the brook west of Farmingdale Road. Only one area, immediately west of the footpath and about 15 m south of the park access road, had contact levels above 100 uR/h. The maximum level measured here was 270 pR/h at a small localized point. The slope of
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the banks at this location is quite prominent, and it is therefore 
unlikely that the thorium contamination is attributable to direct 
deposition from the brook, even under flooding conditions.  

Of the small drainage streams feeding Sheffield Brook, only the 
one north of the brook between Farmingdale Road and the footpath, had 
notably elevated exposure levels. The highest level along this 
stream, 120 uR/h, was noted in a small area approximately 5 m north of 

the brook.  

Minor discrepancies between the surface exposure rate and dose 
rate levels are probably the result of slight differences in the 
distances of the detectors from the surface during measurements.  

Radionuclide Concentrations in Soil SamDies 

Radionuclide concentrations in surface and subsurface soils 
collected along Sheffield Brook and the associated drainage streams 
are presented in Table 2. Elevated levels of radium-228 and 
thorium-228 are present in surface soil over the entire length of the 
W.R. Grace drainage stream.and Sheffield Brook following its juncture 
with this drainage stream. Another drainage stream adjacent to the 
township park also has elevated radionuclide concentrations in the 
bank soils. Following the pattern of the direct radiatio-, levels, 
elevated concentrations in the soil were more frequent east of 
Farmingdale Road. In general there is a pattern of decreasing 
radionuclide concentrations with distance from the W.R. Grace property 
and from the edge of the brook. Exceptions to this pattern were areas 
of small mounds of dredging debris and at several other locations.  
For example, samples 131 and 135, collected close to the Pompton 
River, both contained radium-228 and thorium-228 concentrations 
exceeding 100 pCi/g. The maximum radium-228 and thorium-228 
concentrations measured in surface soil were 734 and 722 pCi/g, 
respectively, at sample location 105. Samples obtained along the 
portion of Sheffield Brook upstream of the juncture with the drainage 
stream from the W.R. Grace property, and along the Pompton River, did
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not contain radionuclide concentrations significantly different from 

the baseline levels.  

Concentrations in subsurface soils obtained along the brook and 

drainage streams generally decreased with depths below 30 cm. Only 

two samples, from locations 112 and 113, contained significant 

radionuclide concentrations at the 90 cm depth; levels of radium-228 

and thorium-228 at these locations exceeded 100 pCi/g. Elevated 

radionuclide concentrations below a 30 cm depth were often associated 

with the mounds of dredged material.  

Surface soil at locations 130 and 153,. from the area of the park 

soccer field having slightly elevated direct exposure levels, 

contained the following levels of radium-228 and thorium-228 

respectively: 9.08 and 41.4 pCi/g, radium-228, and, 5.56 and 

324 pCi/g, thorium-228. The sample taken from a depth of 30 cm at 

location 130 contained a radium-228 concentration of 24.1 pCi/g and a 

thorium-228 concentration of 21.8 pCi/g. The surface soil sample from 

location 154, an area of the soccer field with direct exposure levels 

comparable to the background levels, contained radionuclide levels in 

the range of the baseline samples. Samples 142 and 143, from the John 

Baum property on the southeast corner of Farmingdale and Pompton 

Plains Cross Roads, also had radionuclide concentrations in the range 

of the baseline samples.  

Table 3 lists the concentrations of radionuclides measured in 

soil from the Kuehm and Baum properties north of Pompton Plains Cross 

Road. All of the samples from the Kuehm farm and all but one from the 

Baum property had concentrations comparable to the baseline levels.  

"The exception, surface soil from location 160 on the Baum property, 

contained a radium-228 concentration of 112 pCi/g and a thorium-228 

concentration of 113 pCi/g. This location was an isolated spot 

determined by a walkover survey to have direct radiation levels 

considerably above those characteristic of the remainder of the 

property. The location of this small elevated area was such that it 

was not accessible for subsurface sampling.
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The average ratio of radium-228 and thorium-228 concentrations, 

measured in soils by gamma spectrometry is near 1. Alpha spectroscopy 

on three soil samples indicates an average thorium-232 to thorium-228 

ratio of approximately 1.1. These ratios confirm that the thorium 

decay series is essentially in secular equilibrium. This equilibrium 

state allows the use of the radium-228 level as representative of the 

thorium-232 concentration present.  

Elevated concentrations of uranium-238 and radium-226 were also 

measured in samples containing high concentrations of thorium. The 

source of these radionuclides is the natural uranium, which was 

present in the monazite sand - the major raw material for the Rare 

Earths, Inc., and W.R. Grate operations. The maximum radium-226 

level, 46.8 pCilg, was measured in sample 105. Radium-226 

concentrations were generally less than 5% of the total thorium 

(thorium-232 plus thorium-228) levels in the soil samples. Radon-222, 

a radioactive noble gas, is produced by the decay of radium-226. This 

radon and its daughter products may be a large contributor to 

radiation doses from soils containing radium-226. The soils along 

Sheffield Brook, however, contain much higher concentrations of 

thorium than radium-226. Radiation contributed by radon-222 will, 

therefore, be much less than the levels of direct gammna radiation.  

For this reason radon and radon daughter concentrations in air were 

not measured as part of this survey. The maximum uranium-238 

concentration was 247 pCi/g, measured in sample 44. When high enough 

to be detected, the uranium-238 concentrations in soil were typically 

10-35% of the total thorium levels.  

Radionuclide Concentrations in Sediment SamDtes 

Radionuclide concentrations in sediment samples are presented in 

Table 4. Although no consistent pattern in the distribution of 

elevated levels in sediment was observed, concentrations were 

generally higher along the W.R. Grace drainage stream and the portion
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of Sheffield Brook between the juncture with the drainage stream and 

Farmingdale Road. Elevated sediment levels were also frequently 

associated with sudden changes in flow rate due to severe bends, 

constrictions, expansions, or obstacles in the stream bed. The 

maximum concentrations of radium-228 and thorium-228 (61.0 and 

53.9 pCi/g respectively) were measured at sample location 16. At 

locations 8 and 9, where the drainage stream joins Sheffield Brook, 

the radionuclide concentrations are considerably lower. Physical or 

chemical conditions may be inhibiting the deposition in or enhancing 

the clearance of radionuclides from the sediment at that location.  

West of Farmingdale Road the maximum thorium concentrations were noted 

at locations 24 and 31.  

Levels in sediment from Sheffield Brook upstream of its juncture 

with the W.R. Grace drainage stream were in the range of baseline soil 

samples. Samples collected from the Pompton River upstream and 

downstream of Sheffield Brook were also in this baseline range; 

however, the downstream concentrations were slightly higher than those 

in upstream samples.  

Sediment from the storm sewer system also contained thorium 

contamination. The maximum levels, 15.1 pCi/g of radium-228 and 

14.9 pCi/g of thorium-228, were measured in sample location 45, the 

first sample collected in the drainage system after it leaves the 

* site.  

Radium-226 concentrations in sediment did not exceed 5 pCi/g.  

Where elevated levels were measured, they were generally less than 5% 

of the thorium concentrations. As with the soil samples, the 

uranium-238 levels in sediment were consistently lower than the 

thorium concentrations. Sediment from location 20 had the highest 

uranium-238 concentration, 20.1 pCi/g.
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Water Samoles

*-Radionuclide concentrations measured in water samples are 

presented in Table 5 and 6. Table 5 includes samples from Sheffield 

Brook, the associated drainage streams, and the Pompton River.  

Samples from residential wells in the Wayne area and other sources of 

surface water are presented in Table 6.  

The maximum gross alpha concentration, 29 pCi/l (with the 

exception of 39 pCi/l originally measured in sample 6), was measured 

in sample 8, from the drainage stream on the W.R. Grace property.  

Samples 9 and 10 from the storm sewer also had elevated gross alpha 

concentrations. Samples 8 and 13 (also from the storm sewer system) 

contained elevated radium-228 levels. Other specific radionuclides 

were not measured at significant levels in samples from the storm 

drainage system.  

With the exception of samples 2 and 6, surface water from the 

remainder of the brook and drainage system, contained levels in the 

range of the baseline water samples. Because of the unusually high 

alpha level of 39 pCi/l originally determined for sample 6, instrument 

malfunction or sample cross-contamination was suspected. This 

location was resampled and the results indicate an alpha concentration 

in the baseline range. The reason for the elevated gross alpha level 

in sample 2 is unexplained. Sample 2 contained a relatively high 

(compared to other samples) concentration of thorium-230; the reason 

for this is also unknown. Specific radionuclides in other samples 

L• from the surface drainage system are comparable to baseline levels.  

Of the other water samples collected from the Wayne area, 

significant gross alpha concentrations were only measured in samples 

20 and 21 (6.8 pCi/l and 12 pCi/l respectively). The unexpectedly 

high gross alpha concentration measured in sample 21, as well as its 

gross beta concentration of 60 pCi/l, raised the possibility of an 

analytical problem 'similar to that encountered with sample 6. Two 
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separate reanalyses of sample 21 were performed and both indicated 

- gross alpha and beta. concentrations in the range of the baseline 

levels. Sample 16 from one of the farm wells contained a radium-228 

-. level of 3.07 pCi/l. All other radionuclide concentrations in these 

water samples were comparable to the baseline levels.  

Vegetation Samples 

Table 7 presents the results of vegetation sample analysis. With 

the exception of sample 2, elevated concentrations of radium-228 and 

" thorium-228 were measured in the unwashed vegetation from the vicinity 

of the brook. The highest levels, 12.8 pCi/g of radium-228 and 

"10.1 pCi/g of thorium-228, occurred in sample 3; sample 4 contained 

6.96 pCi/g and 4.11 pCi/g of radium-228 and thorium-228, respectively.  

These two samples were from regions of high surface soil levels.  

Washed samples from these same locations had much lower 

concentrations, indicating that the activity measured in the unwashed 

samples is primarily due to external surface contamination. Sample 2 
C' 

j: and vegetation samples 6, 7, and 8 from the nearby farm had 

radionuclide levels comparable to those of the baseline samples.  

Comparison of Results with Guidelines 

Guidelines for levels of radiation and radioactive materials in 

r• the environment are established by federal regulatory agencies such as 

LJ the Nuclear Regulatory Commission (NRC) and Environmental Protection 

Agency (EPA). These guidelines are usually based on conservative 

factors of land use and occupancy, potential intake by inhalation and 

ingestion, biological retention times, relative hazard of the 

radionuclide and potentially exposed population groups. Such 

guidelines are, therefore, for highly restrictive situations that may 

not be representative of the actual conditions at a specific site. For U 
this reason these federal guidelines are often used as target criteria 

with site specific limits established on a case-by-case basis.
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The Nuclear Regulatory Commission's Standards for Protection 

Against Radiation (10CFR20.105) limits the annual radiation dose to an 

individual in the general population to 500 millirem. 3  Assuming 

continual exposure, i.e. 168 h/wk, this is equivalent to an average 

exposure rate of approximately 60 wR/h. There are numerous locations 

along Sheffield Brook and the drainage streams which exceed this 

level; however, these locations are not in areas of continual 

occupancy.  

Guidelines for concentrations of radionuclides in soil have not 

been specifically developed for the Sheffield Brook site. The NRC 

Branch Technical Position on storage and disposal of uranium and 

thorium wastes provides an example of soil concentration limits which 

have been proposed for other sites 5 . In this document, the most 

restrictive level for both natural thorium (i.e. thorium-232 plus 

thorium-228 with daughters in equilibrium) and natural uranium 

(uranium-238 plus uranium-234 with daughters, including radium-226, in 

equilibrium) in soil is 10 pCi/g. Guideline levels for these 

radionuclides in soils at the Sheffield Brook site may be higher than 

that value. The following volumes of soil exceeding various 

concentration levels of thorium have been estimated for the property 

in the vicinity of Sheffield Brook: 

Thorium Concentration Limit (pCi/) Soil Volume (m3 ) 

10 13,000 

20 11,000 

50 5,000 

There are no established criteria for acceptable levels of 

radioactivity in ground water; however, the EPA has established the 

following levels for radioactive contaminants in community drinking 

water systems 6 :
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SCombined radium-226 and radium-228 5 pCi/I 

Gross alpha (including radium-226 but 

excluding radon and uranium) 15 pCi/l 

Gross beta 50 pCi/l 

A water sample obtained from the W.R. Grace property and one from the 

storm sewer exceeded the gross alpha limit. All other samples were 

below the gross alpha and gross beta limits. None of the samples 

exceeded 5 pCi/l of combined radium-226 and radium-228. It should be 

noted that although these EPA levels have been used for comparison 

purposes, they are intended only for control of larger drinking water 

systems and are not applicable to surface drainage water or 

- residential wells.  

-Most of the activity associated with the vegetation collected 

from the vicinity near the brook appears to be the result of surface 

contamination rather than radionuclides assimilated by the plants.  

After washing, radionuclide concentrations in the plants were low, 

most samples were in the range of baseline levels. Vegetation from 

the nearby farm also had radionuclide concentrations in the baseline 

*, range.  

F An evaluation of the current radiation exposures at this site is 
presented in Appendix E.  

SUMMARY 

At the request of the Nuclear Regulatory Commission, the ORAU 

Radiological Site Assessment Program conducted a radiological survey 

of Sheffield Brook and adjacent properties in Wayne, New Jersey. The 

survey findings indicate thorium contamination of soils and streambed 

sediments in certain areas along this brook and the associated 

drainage streams. Smaller quantities of radionuclides from the 

natural uranium decay series, e.g. uranium-235, uranium-2 3 8 , and 

radium-226 are also present.
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The contamination apparently originated on the property located 

near the intersection of Black Oak Ridge Road and Pompton Plains Cross 

U Road. Thorium bearing ores were processed at this site from 1948 to 

1971 by Rare Earths, Inc., and, later, W.R. Grace and Co., the present 

owner of the property. It is believed that some of the wastes from 

these operations entered the drainage system via liquid effluent 

discharges and storm runoff over an extended time period. This 

drainage system flowed off-site in a storm sewer line beneath Pompton 

Plains Cross Road. The flow surfaced about 150 m west of the facility 

to enter a drainage ditch into which Sheffield Brook subsequently 

flowed. The contaminants were deposited along the streambed and banks 

of the drainage ditch and portions of Sheffield Brook. Periodic 

dredging and occasional flooding of the brook have resulted in a 

spread of the contamination beyond the original areas of deposition.  

Several locations of soil contamination alsoý are suggestive of prior 

earth-moving and grading activities and use of contaminated soils for 

"f ill." 

The contamination is concentrated in the immediate area of the 

drainage stream from the W.R. Grace property and portions of the 

brook. It is primarily limited to the upper 30-60 cm of soil. Low 

radionuclide concentrations in surface water, well water, and 

vegetation from the area confirms the low solubility of the material.  

It would therefore appear that the primary mode of exposure in the 

vicinity of the contaminated properties is external gamma radiation.  

The levels of direct radiation and radionuclide concentrations in 

soil and sediment at many locations along Sheffield Brook and the 

associated drainage streams exceed target criteria proposed by the NRC 

for uncontrolled us.e by the general public. These criteria were 

developed by the NRC using highly restrictive assumptions. These 

assumptions may or may not be applicable to the Sheffield Brook 

property.  

1/
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FIGURE 1. Map of Northeastern New Jersey Indicating the 

Location of the W.R. Grace Company.

Portion of Wayne, NJ, Indicating the location 
W.R. Grace Property, Sheffield Brook and Associated Streams.
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FIGURE 3. Aerial Photograph of Portion of Wayne, NJ, Indicating the Locati.ons of the 
W.R. Grace Property, Sheffield Brook, and Associated Streams.



S. .. " • .1 [7. . .

t:I, [ I- , M ap of Sheffield Brook, East of ,armingdale. Road, Indlcan iilu 

Locations of Sot I Samuples.

r -3

F-,



82-0 

810

"0127 

I 

\

Townsbip 
Park

76 0 ~71 
77 0 72 M3 
78 

so0 128 79 ~ 

0130 

131 

0154 . 153 

N :0 

~384 8586 

w~0@00 
w 0) 

S LL 

133 
50 meters 1340 

"0 surface sample only 

0 surface and subsurface samples 

87888 91 D 
* ~ .135 

94 .. EI 
FIGLM~ 5. Map .of Sheffield Brook, West of Farmingdale Road, Indicating 

Locations of Soil Samnples.  

22

r,



1570

1590 1580

0100 
400MO4 3 *7 

0 100 200 

METERS

oSoii., surface and subsurface 
*Soil, surface only 
o Se di ment: 
* Wa te r 

A Vegetation

FT(;tREI, 6. Map of Sheffiel] Brook and Vicint.ty I.udic;it Jng Locations of' 
Soil, Sediment, Wateir, and Vege• ati• oh Samples.

L.)

I,.' '' ( ", --.,



0 0) 

0 

M

CD 

Ch

Cl)

0

Eýl



*1 

I

Township
Park 

30 

31 

N 02 

-E 340 035 

r

g N, 

L., 3e ,._ 

N/L 

• 'r139 

U...  

FIGURE 8 MaD of Sheffield Brook, West of Farmingdale Road, Indicating 
Locations of Sediment Samples.  

25



r r• .. .. Fr ...  

40.4

I aI I .. 1 .4

- -*8

W. R. Grace

* WAILII 

[•SEOIMFNI 

-- - SI(MIM SEWLA lINE 

-- )p WAILA floW

N

, - - - • I,'1

100 meters

LI=-

Plan View of Storm Sewer System Feeding Sheffield Brook, Indicating Locations of 

Sediment and Water Samp]es.
FIGURE 9.



S

1 kiflometer

FIGURE i.0. Locations of Background Measurements and Baseline Samples in the Wayne-Pompton Plains Area.  

27



- 04 
B sOS. LCD CC 

CD 

~cr~ 00~ 
c~. 'so 

L.. W L, 

f-40



Township 
Park

W-0 

S 

50 meters 

4 - ~ i

*~ 9 
'13

131i2, 
00

I1

16 
0

-� - � � 18 - I I

t

N :'4 8 1 1 

FIGURE 12. Exposure Rates (IR/h) at 1 m Above the Surface Along 
Sheffield Brook, West of Farmingdale Rd.  

29

-Ct 
L 

! 
t



Pompton Plains Cross Road 

N 

Ej 420 
*45' .  

880 

0 210 

1• 64t 
433 

47 

%64@6 t,-4'6 3 1 
C) 

050 280 -A410, 
9600 0230 

_260 L370- 0340 0230 0 

021 029 018 209 
-ý 029 02301 

696 033 03 041 3 
026 E 

100 meters " • 

FICIGURE 13 . Surface BetaL-(GIamnma I)ose Rates (p rad/h ) Al mug Sli-hef f: eld 
I1rookl East of Farmiilngdaule Road.

0

QO



.1

Township DOrle

21* d4 7 98 0 
371 49, 

233 

N 0 

1-0 
W-E28163 0391 

soI 

50 meters 

-,393 73731 

........ ... . .  n 4xM... \.  

FIGURE 14 Surface Beta-Gamma Dose Rates (!irad/h) Along Sheffield 

Brook, West of Farmingdale Road.  

31



,. I . S

ROAD

r*-�� ni

a.

WI

�Z3DU1

N

S200-300 pR/h 

100-200 pR/h 

50-100 pR/h 

20-50 MR/h

H-.

E

S

100 meters -i

FIGURE 1.5. Surface Exposure Rates (pR/h) Along Sheffield Brook, East of 

Farmingdale Road.

ORAU 8292.2

BROOK

pR/h

Cý:D



1�

I

I \ i

T-CWAR KI g4P

PAR K 

85 MR/hr 

:R/ FARMINGDALE 
ROAD 

100-200 MR/h 

50-100 MR/h 

20-50 MR/h 

N 

W E 

50 meters FOOT 

PATH 

''.PO~MPTONRVR 

FIGURE 16. Surface Exnosure Rates 
(i/)Along Sheffield Brook, 

West of'Farmingdale Road.  

-•';.""i"",<' '. • :',/•": -,-; : •.',].33.

33



I I

U( H AU 8•2T2. 2

LZIý

-•-FARMINGDALE ROAD

03 CJ n- 0 ED [J

Thorium Soil Concentrations 

> 10 pCi/g 

> 20 pCi/g 

> 50 pCi/g

FICURE 1.7. Distribution of Thorium Contaminated Soil Along Sheffield Brook, 
East of Farmingdai.e Road.

a3

-/

"BROOK

I- 100 meters -I

.I

IV

L-3 El Q



ORAU 8292.1

Thorium Soil Concentrations 

> 10 pCi/g 

> 20 pCi/g 

> 50 pCi/g 

TOWNSHIP 
PARK 

( .  

N 

Wj E 

S 

50 meters

1*---

POMPTON RIVER.

,,.-

FARMINGDALE 
ROAD

L]
D1

FOOT 
PATH B1

Bl
D1

FIGURE 18. Distribution of Thorium Contaminated Soil Along 
West of Farmingdale Road.

Sheffield Brook,

35

f.-• I I 
I



TABLE 1

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL, 
VEGETATION, AND WATER SAMPLES

Sample Depth Radionuclide Concentrations (pCi/) 
Locationa (cm) Ra-228b Th-228 Ra-226 U-238

Soil:

B1 - P.V. Park 

B2 - McDonald Park 

B3 - Orth Ave.  

B4 - Farmingdale Rd.  

B5 - Black Oak 
Ridge Rd.

Range

surface 
30 
60 
90 

surface 
30 
60 
90 

surface 
30 
60

0.51 
0.72 
0.69 
0.45 

0.69 
1.00 
0.56 
0.72 

1.36 
1.17 
1.18

+ 0.23 c 
+ 0.22 
+ 0.21 
+ 0.33 

+ 0.25 
+ 0.25 
*- 0.23 
+ 0.24 

+ 0.33 
+ :0 .23 
+- 0.24

surface 0.92 + 0.32 
30 1.00 ; 0.29 

surface 0.85 + 0.30 
30 0.91 +; 0.29

0.45 - 1.36

0.58 
0.80 
0.69 
0.54 

0.56 
0.71 
0.59 
0.66 

1.60 
1.39 
1.31

+ 
+ 

+ 

+ 

'-

+ 

+ 

;_

0 .27 
0.21 
0.21 
0.17 

0.23 
0.30 
0.18 
0.21 

0.31 
0.19 
0.19

1.00 + 0.26 
1.21 + 0.28 

0.70 + 0.21 
0.73 + 0.22 

0.54 - 1.60

0.47 + 
0.47 + 
0.49 + 
0.50 + 

0.45 + 
0.58 + 
0.37 + 

0.40 + 

1.13 + 
1.34 + 
1.11 +

0.15 
0.22 
0.13 
0.16 

0.17 
0.20 
0.12 
0.19 

0.26 
0.17 
0.17

1.12 + 0.25 
1.05 + 0.21 

0.85 + 0.20 
0.65 + 0.18 

0.37 - 1.34

Ve2etation:

B1 - P.V. Park <0.10

B2 - McDonald Park 0.39 + 0.18

0.29 + 0.13 

0.31 + 0. 1 4

<0.06

0.21 + 0.15

36
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TABLE 1, cont.  

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL, 
VEGETATION, AND WATER SAMPLES 

Radionuclide CoalcenLratioina in tater (pCi/I or x 10- 9i/ml) 

Gro• s 
..  

Bete Tlh-228 Th-230 Th-232 11a-226 Ra-228 U-234 U-235 U-238

0.95 + 1.20 <1.3 0.10 + 0.07 0.07 + 0.03 <0.05 0.09 ± 0.08 <0.63 0.19 1 0.03 <0.05 0.13 * 0.03

<3.6 <0.05

<3.7 <1

<0.05 <0.05 

<1 <1

_ 0.12 + 0.03 <0.05 0.09 * 0.02

<0.07 1.12 4 0.65 <1 <1 <1

a Refer to Figure 10.  
b Assumed to be in equilibrium with Th-232.  

c Error is 20 based on counting statistics only.  

d MDA values generally ranged between 2 to 5 pCi/g.  

e Dash indicates analysis not performed.

�1

Gross 
Alpha

Sample 
Local a 

V al 
M.. Park

B12 
Ilcljona ld Park

116 
City Water

<2.28 

<1 .56

I i



TABLE 2 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 

l.ocationa D)istance from Depth Radionuclide Coucentrations (pCi/g) 
Brook or Stream (cm) . . . . . . .. . . . . . . . . . . .  

() Ra-228b Th-228 Ra-226 0-238

0 (edge) 

0

2 

2

0

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17

0 

0 

0 

0 

10 

5 

0 

0 

10 

10 

0 

0 

5 

10

surface 

surface 
30 
60 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 
30 
60 
90

0.84 + 0.29c 

0.65 * 0.29 
0.77 + 0.24 
0.74 + 0.23 

1.01 +-0.42 
1.09 +0.4.0 
0.87 + 0.45 
0.71 + 0.31 

0.79 + 0.42 

0.69 ± 0.23 

0.86 + 0.27 

1.05 + 0.50 

30.8 + 1.2 

18.4 + 0.9 

1.74 + 0.32 

10.7 + 0.7 

9.80 + 1.16 
19.5 + 0.9 
5.16 + 0.59 
2.14 + 0.42 

52.6 + 1.5 

71.4" + 1.7 

132 * 2 

116 +-2 

29.6 + 1.9 
12.4 + 0.9 
3.68 _ 0.48 
3.06 + 0.47

0.85 + 0.22 

0.57 + 0.18 
0.72 + 0.18 
0.87 + 0.20 

0.96 £ 0.36 
1.17 0.41 
0.92 * 0.33 
0.75 + 0.29 

0.87 _ 0.33 

0.93 4 0.24 

0.80 * 0.26 

1.00 + 0.35 

30.5 + 1.1 

17.4 + 0.8 

2.18 + 0.29 

9.9 4 0.6 

9.67 + 1.03 
18.0 ± 0.8 
4.40 + 0.43 
2.05 4 0.31 

51.5 + 1.3 

69.9 + 1.6 

132 2 

113 .2 

26.9 1l 2.5 
12.2 + 0.1 
3.51 * 0.39 
2.62 0 (.37

0.56 + 0.17 

0.45 * 0.15 
0.63 + 0.16 
0.66 + 0.18 

0.84 + 0.30 
1.07 + 0.28 
0.75 * 0.27 
0.93 4 0.23 

0.64 + 0.27 

0.62 + 0.17 

0.57 * 0.23 

0.81 * 0.28 

2.41 1 0.51 

1.47 L 0.44 

0.87 + 0.22 

1.05 + 0.35 

1.83 + 0.57 
2.11 4 0.39 
0.75 .0.25 
0.94 . 0.22 

4.92 £0.68 

5.34 _ 0.72 

12.4 *_1.2 

7.49 + 0.94 

1.42 t_ 0.68 
1.43 . 0.34 
1.08 + 0.30 
0.81 1 0.22

11.0 * 0.4 

11.6 + 0.4 

<HDA 

.10.3 +0.4 

2.7 + 0.3 

20.1 * 0.4 

11.7 + 0.4 

27.6 +~ 0.5 

32.9 + 0.5 

9.42 + 0.41 
0H1A
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TABLE 2, cont.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

Distance from 
Brook or Stream 

(W)

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31

Depth 
(cm)

5 

0 

0 

10 

50 

100 

I0 

0 

0 

5 

5 

0 

0 

5 

10 

50 

10 

0 

0

Radioniclide Co(ccet rations (pCi/g)

Ra-228

surface 

surface 

surface 

surface 

surface 

surface 

surface 

aurface 

surface 

asurface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 
30 
60 
90 

surface 

surface 

surface

Th- 228 Hia-22 6

153 + 3 

89.0 + 2.0 

4.78 + 0.53 

0.84 + 0.36 

1.05 + 0.39 

1.24 + 0.44 

5.49 + 0.57 

1.64 s 0.34 

3.38 _ 0.55 

13.9 +_ 1 .1 

18.7 + 1.2 

12.7 1 0.8 

4.45 + 0.53 

8.94 * 0.99 
6.76 7 0.67 
1.29 + 0.40 
1.53 + 1.21 

6.99 * 1.06 

4.86 * 1.18 
0.97 + 6.39 
1.07 + 0.29 
0.91 + 0.25 

36.9 + 1.2 

40.2 + 1.5 

18.6 1 1.1

U

Locat ioi

144 + 3 8.25 + 1.12 

83.1 * 1.9 5.00 * 0.90 

4.77 * 0.48 0.81 + 0.32 

0.65 + 0.24 0.53 + 0.20 

1.47 * 0.47 1.36 + 0.28 

1.36 + 0.38 0.81 t 0. 3 2 

5.82 * 0.55 0.99 + 0.30 

2.18 + 0.31 0.55 4 0.18 

3.69 * 0.44 0.71 i_ 0.25 

13.6 + 1.0 1.74 + 0.49 

18.9 I. 0.9 1.89 t 0.41 

13.2 4 0.M 1.38 + 0.36 

5.00 _ 0.52 0.78 + 0.27 

8.91 * 0.92 1.58 1 0.46 
5.93 + 0.59 1.94 + 0.33 
1.21 + 0.25 0.69 * 0.19 
1.33 40.29 0.69 0.18 

6.95 . 0.74 1.10 * 0.40 

3.98! 1.17 1.23 + 0.58 
1.18 0.29 0.94 * 0.23 
1.06 t0.24 0.85 + 0.17 
0.93 a 0.22 0.76 + 0.18 

32.4 * 1.2 1.92 + 0.55 

34.4 1.2 2.61 4 0.60 

16.5 * 0.9 1.29 - 0.44

'0

U-238 

39.1 +_ 0.5 

21.5 + 0.4 

<HDA

14.2 a 0.4

32 

33 

34 

35 

36

tt



TABLE 2, cont.

RADTONCL, IDE CONCENTRATIONS IN SOIL SAMPLES

Location Distance from Depth Radio.uclide Concentrations (pCi/g) 
Brook or Stream (cm) ....... .. . .. .. .. . . .  

(P) Ia-228 'Ili-220 Ha-22 6 11-238

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51

5 

5 

0 

0 

10 

30 

10 

5 

0 

5 

10 

0 

0 

5 

10

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 
30 
60 
90 

atirface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface

3
0

1.50 + 0.41 1.48 L 0.36 

34.4 + 1.8 27..) * 1.3 
102 1.2 88.4 t2.0 
17.8 + 1.1 15.8 t0.9 

5.79 + 0.88 7.98 + 0.15 

20.8 + 1.3 19.4 4 1.0 

2.31 + 0.44 2.43 + 0.38 

1.31 + 0.30 1.09 + 0.30 

29.5 * 1.6 29.8 + 1.4 
1.22 + 0.35 1.25 L 0.

2 7 

1.03 + 0.24 0.98 . 0.22 
0.79 ±.0.24 0.79 + 0.18 

84.3 + 2.7 71.7 e 2.2 
17.8 + 1.0 16.1 + 0.9 
7.06 + 0.65 13.6 + 0.6 
6.29 + 0.58 5.49 + 0.50 

573 +7 472 + 5 

18.8 + 1.1 16.7 * 0.9 

1.41 + 0.33 1.31 * 0.30 

143 + 3 87.3 1.2.6 

24.8 * 1.4 23.2 * 2.4 

21.8 + 1.2 16.5 * 0.9 

5.23 + 0.56 5.73 + 0.51 

1.04 + 0.30 1.18 10.26 
1.05 4 0.30 3.19 1 0.26 
0.90 + 0.27 0.93 1 0.24 
1.47 * 0.33 1.02 * 0.25 

1.00 + 0.28 1.16 * 0.28

1.00 + 0.21 

1.68 * 0.58 
6.38 + 0.96 
1.83 + 0.40 
0.64 + 0.38 

1.49 + 0.52 

0.74 £ 0.22 

0.94 *0.22 

2.18 j 0.66 
0.72 + 0.18 
0.61 70.19 
0.69 1 0.16 

2.79 t- 0.90 
1.27 0.42 
0.92 * 0.28 
0.82 0.25 

7.87 + 2.42 

1.38 + 0.47 

0.86 + 0.18 

3.40 + 1.14 

1.71 + 0.49 

1.37 i 0.48 

0.95 + 0.26 

0.61 * 0.21 
0.67 . 0.17 
0.58 * 0.16 
0.61 + 0.17 

0.62 * 0.19

<HDA 

4.  

26.9 * 0.5 
5.92 * 0.37 

<HDA 

14.2 j 0.5 
<QDA 

58.0 + 0.8 
9.41 + 0.41 
5.99 4 0.38 
5.98 + 0.36 

247 s 2 

7.39 + 0.37 

<IDA
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TABLE 2, cont.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

location Distance from Depth Radionuclide Concentrations (pCilg) 

Brook or Stream (cm) -.--- ---

(m) Ra-228 111-228 Ra-226 U-238 

- ~~~~~ ~7 + anf in t~lC) 1 .

53 

54 

55 

56 

57

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

11

0 

0 

10 

10 

5

0 

0 

5 

5 

0 

0 

10 

10 

5 

0 

0 

5 

10 

5

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

surface 

surface

30.5 £ 1.5 

0.93 + 0.34 

0.77 ± 0.39 

0.78 + 0.21 
1.01 ± 0.28 
0.62 + 0.25 
1.01 + 0.30 

50.1 + 2.2 

26.2 + 1.5 

1.51 : 0.37 

0.86 + 0.42 

3.16 + 0.43 

45.9 + 2.1 

0.97 + 0.39 

0.79 j 0.49 
0.98 * 0.29 
0.84 0 0.33 
1.02 + 0.30 

0.94 * 0.29 

56.0 1 2.3 

44.2 + 2.1 

0.88 4 0.40 

1.20 + 0.35 

1.03 + 0.43

28.9 1 1.2 

0.87 + 0.32 

0.96 _ 0.26 

0.93 £ 0.26 
1.09 + 0.28 
0.70 7 0.25 
0.90 _0.20 

48.2 * 1.8 

24.3 _ 1.3 

1.70 + 0.31 

1.03 + 0.27 

3.01 +- 0.41 

44.5 + 1.4 

0.93 _ 0.25 

1.04 * 0.38 
0.92 -0.21 
0.99 * 0.26 
0.94 *_0.22 

1.03 + 0.29 

43.1 + 1.8 

33.1 + 0.
8 

1.06 + 0.23 

0.98 4 0.28 

2.56 1 0.23

10.9 * 0.4 

<MDA

1.62 * 0.52 

0.69 £ 0.23 

0.68 , 0.24 

0.70 + 0.19 
0.67 * 0.16 
0.65 _ 0.16 
0.56 + 0.15 

2.56 * 0.73 

1.69 _ 0.60 

0.87 + 0.22 

1.40 + 0.60 

0.66 * 0.29 

2.60 M 0.65 

0.76 + 0.20 

0.76 * 0.24 
0.11 * 0.14 
0.57 * 0.25 
0.67 4 0.17 

0.74 * 0.16 

2.42 + 0.80 

2.53 * 0.74 

0.64 * 0.18 

0.95 * 0.21 

0.15 * 0.19

23.6 + 0.5 

<IIDA 

29.0 ±0.5 

1/.1 + 0.5 

<HIIA
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TABLE 2, cont.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

Location Distance from Depth Radionuclide Conc:entratioui (pCi/g) 
Brook or Stream (cm) ..  

(at) Ra-228 Th,-228 Ra-226 U-238

surface 

surface 

aurf ace 

surface 

surface 
30 
60 
90 

surface 

surface 

aurface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 

surface

20.2 * 1.0 

18.4 + 1.3 

7.23 + 0.83 

1.44 + 0.30

150 * 3 
66.2 + 1.9 
13.5 + 0.8 
8.17 + 0.67 

38.6 + 1.7 

12.5 + 0.9 

7.01 + 0.63 

1.36 + 0.31 

5.10 * 0.74 

9.96 + 0.92 

5.55 + 0.67 

6.43 ± 0.67 

30.6 + 1 .5 

7.01 + 0.74 

1.12 + 0.51 
1.59 + 0.39 
0.85 + 0.24 
0.34 + 0.20 

8.57 + 0.93 

1.85 + 0.52

22.7 £ 0.90 

15.6 a 1.1 

5.85 + 1.21 

1.59 + 0.67 

133 * 3 
58.5 * 1.6 
13.9 * 0.66 
8.14 + 0.(A) 

34.7 + 1.3 

10.4 * 0.7 

5.61 + 0.5.7 

1.35 + 0.24 

4.75 + 0.64 

10.3 + 0.8 

5.75 4 0.64 

6.32 t 0.61 

31.5 . 1.4 

6.68 + 0.33 

1.06 ±. 0.27 
1.63 4 0.29 
0.92 4 0.23 
0.46 + 0.16 

7.38 .O. 01 

1.47 + 0.38

1.39 _ 0.48 

1.20 _ 0.53 

0.47 £ 0.35 

0.87 a 0.48 

7.91 + 1.31 
3.72 + 0.74 
1.45 + 0.33 
1.19 t 0.34 

2.85 + 0.64 

1.22 + 0.33 

0.89 + 0.28 

0.65 1 0.18 

1.01 + 0.38 

1.13 0.39 

0.83 *0.34 

1.23 .0.31 

2.82 + 0.69 

1.09 ±. 0.34 

0.88 + 0.23 
0.89 1 0.22 
0.57 + 0.14 
0.51 + 0.14 

1.09 a 0.41 

1.01 + 0.25

11.4 + 0.4 

6.96 + 0.39 

5.99 + 0.46 

<NDA 

14.6 a0.4 

<HIDA 

0.  

60
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TABLE 2) cont.  

RADIONUCLIDE CONCENTRATIONS IN SOIL. SAMPLES

Location Distance from Depth Radioiuclide Concentrations (pCi/g) 

Brook or Stream (cm) . . . . . . . .  

(m) Ra-228 Th-228 Ra-22
6 U-238

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 

surface 
30 
60 
90 

surface 
30 
60 
90 

surface 
30 
60 
90 

surf ace 

surface

10.6 + 1.0 10.3 ± 0.8 

7.33 + 0.83 7.57 4 0.66 

4.33 + 0.67 3.74 + 0.58 

7.61 * 0.43 6.52 * 0.65 

2.20 * 0.54 1.74 + 0.37 

3.55 ± 0.66 3.85 + 0.51 

2.76 + 0.40 2.68 4 0.33 

5.60 + 0.37 4.36 f 0.38 

0.60 + 0.34 0.66 1 0.20 

1.04 + 0.36 1.09 + 0.26 

0.71 + 0.30 0.97 4 0.24 

91.4 + 3.2c 86.5 * 2.6 
182 + 4 163 + 4 

44 * 2 41.9 4 1.9 
31.2 * 1.8 27.8 + 1.5 

32.4 + 1.6 32.3 t 1.4 
50.2 £ 2.2 44.1 + 1.8 
41.2 1.9 41.8 1 1.6 
51.3 . 2.1 50.8 _ 1.9 

275 46 201 + 4 
102 + 3 98.6 +_ 2.9 
87.8 + 2.9 64.0 t 2.2 
30.9 + 1.9 29.4 * 1.6 

191 + 5 187 4 5 

734 +8 722 1 8

1.07 * 0.45 

1.41 + 0.38 

0.83 • 0.31 

0.92 t 0.31 

1.09 * 0.26 

0.76 + 0.27 

0.62 * 0.22 

0.59 t 0.21 

0.54 + 0.16 

0.72 + 0.11 

0.83 + 0.19 

3.38 1 3.10 
9.61 . 1.63 
3.43 + 0.88 
1.81 j0.78 

2.19 +0.63 
2.59 + 0.88 
3.04 + 0.72 
2.73 * 0.82 

13.6 1. 2.3 
7.16 4 1.40 
4.08 + 1.00 
2.29 * 0.78 

9.95 £ 2.18 

46.8 + 3.8

<HDA 

a 

I.  

24.7 + 0.5 
(HIM 

39.) + 0.5 
11.3 4 0.4 

24.0 + 0.4 
19.3 ± 0.4 
24.4 + 0.4 
23.1 .0.4 

38.6 ~0.6 
28.8 +0.5 

34.8 + 0.4 
12.3 +- 0.4 

42.9 + 0.7 

52.6 + 0.7

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105
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TABLE 2, cont.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

Distance from 
Brook or Stream 

(mI,)

Radionticlde Conce,,ntrations (pCi/g)Depth 
(cut)

Ra-228 Ti-228 Ra-22b

235 + 6 227 _ 5 12.6 + 2.3 44.8 *.0.6

307 ± 7 
37.9 + 2.4 
28.9 ;. 18.1 

9.93 + 0.94

287 + 6 
35.5 + 1.8 
28.0 ÷ 1.5 
10.0 _ 0.7

507 # 8 479 ± 7

9.11 + 1.59 

19.4 + 1.5 
75.5 + 4.0 
76.4 j 3.3 
6.06 , 0.86 

19.1 +- 2.3

345 
247 
273 
289 
151

4" 

$' 

+ 
+ 
C

surface 

surface 
30 
60 
90 

surface 

surface 

surface 
30 
60 
90 

surface 

surface 
15 
30 
(A) 
90 

surface 
30 
60 
90 

surface 

surface 
30 
60 

surtace 
30 
60 
90

4 
5 
5 
5 
4 

1.7 
3 
1.6 
2

8.34 ,. 1.02

16.9 + 
60.4 + 
62.6 + 

4.44 + 

18.0 + 

310 4 

230 * 

260 + 

261 + 
139 * 

21.7 + 
146 * 

53.0 + 
130 _

1.3 
3.1 
2.9 
0.76 

1.9 

4 
5 
5 

3 

1.5 
3 
1.5 
2

163 + 2 139 * 1

170" ± 2 
20.9 ± 0.9 

7.28 7 7.60 

163 +. 6 
13.3 + 1.3 
10.2 * 0.9 
2.97 * 0.44

152 + 4 
19.0 + 0.9 

5.87 L 0.61 

111 * 5 
13.6 + 1.1 
6.88 + 0.13 
2.18 + 0.39

33.9 i
3.26 + 
2.06 + 
1.47 1

2.6 65.7 + 0.8 
0.83 11.9 +_0.4 
0.78 8.6 + 0.4 
0.32 3.8 . 0.4

28.1 + 3.4 47.1 + 0.7 

1.21 + 0.58 <HDA

1.58 :L 
5.07 + 
3.17 + 

0.71 + 

1.31 + 

20.9 ± 
24.0 + 
18.3 + 
24.0 + 

20.9 4

0.61, 
1.52 
0.99 
0.42 

0.94 

1.7 
2.4 
2.3 
2.5 
1.6

1.03 + 0.65 
6.88 £ 1.14 
2.71 + 0.67 
7.49 + 1.06

5.29 + 0.42 
17.7 t 0.5 
20.2 + 0.6 

<HDA 

76.7 .0.9 
42.9 * 0.7 
48.7 ±0.7 

OIDA 
29.0 + 0.6 

8.36 t 0.44 
48.4 * 0.8 

21.0 : 0.6 
48.6 + 0.7

3.88 + 0.93 28.4 + 0.6

9.46 + 1.82 
2.11 7 0.41 
1.24 • 0.39 

2.59 + 1.69 
3.13 j 0.29 
1.24 £ 0.38 
0.62 £ 0.11

76.0 + 0.9 
7.89 * 0.44 

<HDA 

66.0 * 1.1 
8.87 4. 0.45 

<IDA 
I.

Location

106 

107

4 

4 

7 

0

U-2j8

108 

109 

110 

!111 

112 

113 

114 

115 

116

23.7 + 
152 + 
57.7 + 

136 +

3 

3 

5 

0 

5 

0.5
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TABLE 2, cont.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

Location Distance from Depth Radionuclide (Concentrations (pCi/g) 
Brook or Stream (cm) ......... ... .. . .  

(m) Ra-228 Th-228 Ra-226 U-238 

117 0 surface 90.8 + 3.8 79.6 + 3.2 3.94 1 0.70 '52.7 + 0.8 
30 27.2 ± 1.9 24.7 + 1.4 1.82 + 0.64 7.29 + 0.42 
60 8.11 + 0.69 6.58 + 0.57 1.09 7 0.35 <rDA 
90 4.84 + 0.49 4.00 + 0.43 0.80 + 2.40 2.62 + 0.37 

118 15 surface 172 + 5 124 + 4 4.89 1.80 88.6 + 1.0 
30 13.4 + 0.8 10.5 * 0.6 1.43 t 0.35 8.56 * 0.45 
60 4.17 1 0.54 3.32 * 0.41 0.85 + 0.26 <HDA 
90 5.65 + 0.73 5.05 + 0.62 0.94 4 0.35 3.89 i 0.38 

119 3 surface 56.1 + 2.74 43.6 + 2.0 2.33 4 0.88 25.0 + 0.7 

120 0 surface 45.6 + 2.9 35.7 * 2.2 2.66 * 1.06 19.4 * 0.5 

121 0 surface 10.3 + 0.8 10.4 + 0.6 1.19 + 0.34 <HDl)A 

4>.  
U, 122 0 surface 57.1 + 1.7 43.1 + 1.6 1.92 * 0.66 35.5 +0.6 

123 0 surface 13.4 * 0.8 10.5 + 6.4 1.43 + 0.35 12.2 + 0.5 

124 2 surface 31.3 + 1.8 23.2 + 1.4 2.23 1 0.69 14.8 + 0.5 

125 0 surface 68.9 ± 3.0 51.1 + 2.3 3.19 1 1.06 36.2 + 0.6 

126 15 surface 126 + 3 112 1 2 3.97 + 0.98 70.7 + 0.8 
30 24.8 7 1.0 22.3 _ 1.1 2.25 * 0.48 <MDA 
60 120 + 4 114 4 4 3.50 _ 1.48 56.9 10.7 
90 8.08 + 0.93 8.14 + 0.67 1.25 . 0.42 4.59 i_ 0.42 

127 75 surface 30.7 4 2.1 29.2 * 1.7 2.13 9 0.83 16.6 + 0.5 

128 3 surface 44.7 4 2.1 40.9 + 1.8 2.29 $ 0.82 23.5 * 0.7 

129 0 .surface 26.2 4 1.8 25.6 1 1.7 1.62 4 0.78 13.8 + 0.5 

130 25 surface 9.08 + 0.72 5.56 £ 0.63 0.93 s 0.27 <(DA 
30 24.1 + 1.9 21.8 1_ .4 1.69 j 0.69 13.6 + 0.5 
60 6.09 + 0.59 5.58 * 0.47 0.76 + 0.32 3.17 + 0.38 
90 0.90 + 0.26 0.75 + 0.17 0.42 £ 0.16 <HDA 

131 0 surface 105 1 3 W0.4 + 3.1 6.05 + 1.46 21.3 1 0.5 

132 0 surface 57.3 * 3.3 '50.8 2.4 2.77 * 1.60 14.2 + 0.5
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TABLE 2, cont.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

location Distance from Depth Radionuclide Concentrations (pCi/g) 
Brook or Stream (cut) 

(m) Ra-228 Th-228 Ra-226 U-238

17.9 t 

18.6 + 
5.25 + 

1.79 + 
0.54 + 

126 + 

12.8 * 

1.01 + 

1.07 + 

1.18 + 
2.22 + 
1.54 + 

0.80 + 

0.80 +

0.62 4 

0.80 £ 

10.9 +
11.0 + 
3.56 + 

12.3 + 

1.86 +_ 
2.67 + 

1.08 + 
0.98 .+ 

13.6 + 
4.44 4 

2.00 _

1.0 

1.2 
0.50 
0.32 
0.24 

2 

1.0 

0.24 

0.29 

0.32 
0.37 
0:37 

0.27 

0.30 

0.31 

0.28 

1.0 
0.8 
0.42 

0.96 
0.34 
0.48 

0.32 
0.28 

0.96 
0.44 
0.38

15.3 ± 0.8 

17.1 * 0.9 
4.65 + 0.43 
1.67 + 0.25 
0.12 + 0.17 

119 + 2 

10.3 + 0.8 

1.06 + 0.22 

1.07 + 0.23 

1.06 + 0.27 
1.76 + 0.31 
1.33 + 0.30 

0.84 t 0.22 

1.04 + 0.24 

0.75 * 0.27 

0.85 + 0.22 

8.52 + 0.67 
8.28 + 0.63 
2.30 . 0.32 

9.72 , 0.75 
1.44 + 1.14 
1.98 +_ 0.35 

0.98 + 0.20 
0.92 , 0.23 

9.09 . 0.79 
2.82 + 0.41 
1.28 + 0.30

1.07 +_ 

1.05 + 
0.64 £ 
0.45 + 
0.33 + 

4.41 t 

1.29 * 

0.77 + 

0.57 + 

0.57 + 
0.76 + 
0.64 + 

0.61 + 

0.78 + 

0.60 + 

0.55 * 

1.33 * 
1.03 + 
0.81 + 

1.03 + 
0.73 + 
0.78 + 

0.70 j1 
0.73 a 

1.09 * 
0.49 t 

0.77 +

0.41 

0.46 
0.23 
0.16 
0.15 

1.02 

0.39 

0.15 

0.18 

0.20 
0.22 
0.24 

0.16 

0.19 

0.22 

0.21 

0.34 
0.34 
0.21 

0.41 
0.22 
0.31 

0.15 
0.20 

0.35 
0.21 
0.24

10.5 t_0.4 

6.33 a 0.38 
2.41 1 0.37 

<0DA 

27.5 a 0.6 

7.45 •0.41 

<HIDA 

0.63 j 0.30 

<HlDA 

6.51 4 0.40 
"HDA

-. /

I'-

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147

0 

0 

0 

0 

I00 

20 

30 

60 

150 

150 

125 

60 

30

30

surface 

surface 
30 
60 
90 

surface 

surface 

surface 

surface 

-surface 
50 

100 

surf ace 

surface 

surface 

surface 

surface 
50 

100 

surface 
50 

100 

50 
100 

surface 
50 

100
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TABLE 2, cont.  

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

Distance from 
Brook or Stream 

(D.)

Depth 
(cm)

Radionuclide Concentrations (pCi/g) 

Ra-228",'h-• o,,_. .. ..

Ra-228 Th1-22 U23 

148 60 surface 1.93 + 0.37 1.65 - 0.31 0.62 4 0.19 I 
50 0.68 + 0.23 0.85 ! 0.20 0.57 e 0.14 

100 0.74 + 0.26 0.85 + 0.21 0.56 + 0.14

surface 
50 

100 

surface 
50 

surface 
50 

100 

surface 
50 

100 

surface 

lu rface

37.0 + 1.9 
1.33 + 0.40 
7.81 + 0.71 

1.77 * 0.43 
0.94 + 0.16 

9.89 * 0.90 
0.88 ±. 0.29 
1.23 + 0.30 

66.5 + 0.3 
8.41 ± 0.70 
2.03 + 0.45 

41.4 ± 1.6 

0.96 + 0.29

33.5 ±. 1.7 
1.49 + 0.36 
7.57 + 0.61 

1.62 + 0.34 
0.79 0 0.25 

8.26 . 0.72 
0.74 + 0.18 
0.96 e 0.28 

57.5 ± 2.1 
6.53 . 0.64 
1.92 + 0.57

32.4 + 1.2 1.49 * 0.58 18.3 ± 0.5

0.83 * 0.24 0.62 + 0.18

155 50 surface 9.25 * 0.89 7.70 1 0.62 0.92 + 0.46 

a Refer to Figures 4 and 5.  
b Assumed to be in equilibrium with Th-232.  
c Errors are 2o based on counting statistics only.  
d MDA values generally ranged between 2 and 5 pCi/g.

Location

149 

150 

151 

152 

153 

154

30 

60 

50 

30 

50 

100

2.52 4 0.71 
0.66 + 0.21 
0.92 * 0.30 

0.70 + 0.20 
0.70 * 0.20 

0.61 + 0.34 
0.49 ± 0.14 
0.44 + 0.22 

3.06 0 0.93 
0.73 +t 0.34 
0.53 * 0.22

38.8 s0.7 
0IDA 

1,

<HDA
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TABLE 3 

RADIONUCLIDE CONCENTRATIONS IN ADDITIONAL SOIL SAMIPLES 

FROM THE VICINITY OF SIIEFFIELD BROOK

Locaniona Depth Radionuclide Concentrations (pCi/g) 
(cm) 

Ra-228b Th-228 Ra-226 U-238 

156 Kuehm Farm surface 0.54 + 0.23c 0.65 1- 0.21 0.47 4 0.17 <HDA 

157 Kuehm Farm surface 0.66 + 0.22 0.77 + 0.18 0.60 + 0.20 

158 guehm Farm surface 0.75 - 0.29 0.68 - 0.26 0.67 4 0.84 

159 J. Baum Prop. surface 0.68. 0.26 0.62 + 0.22 0.63 * 0.19 

160 J. Btaum Prop. surface 0.66 + 0.32 0.78 + 0.21 0.74 _ 0.17 
30 0.70 + 0.26 0.88 + 0.20 0.63 £0.14 
60 1.00 + 0.26 0.96 * 0.24 0.57 £0.18 
90 0.44 + 0.36 0.61 + 0.18 0.25 - 0.15 

161 J. Baum Prop. surface 112 .- 4 113 + 3 10.7 _ 1.5 44.8 + 0.6

a 
b 
c

Refer to Figure 6.  
Assumed to be in equilibrium with Th-232.  
Error is 2o based on counting statistics.



TABLE 4

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES

a Radionuclide Concentrations (pCi/g) Location 
Ra-228 b Th-22 8 Ra-22 6 U-23 8

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43

c 
0.54 + 0.36 

.0.58 + 0.25 
0.78 + 0.19 
5.38 + 0.68 
5.56 + 0.57 

44.3 + 2.1 
26.7 + 1.9 
0.88 + 0.26 
0.51 + 0.20 
1.21 + 0.29 
1.97 + 0.30 
3.02 + 0.41 
4.60 + 0.51 

26.7 + 1.6 
7.07 + 0.57 

61.0 + 1.4 
4.44 + 0.41 

16.8 + 1.0 
4.56 + 0.44 

32.0 + 1.31 
6.06 + 0.51 

16.4 + 0.9 
9.13 + 0.63 

21.2 + 1.1 
15.5 + 0.9 
7.64 + 0.58 
8.26 + 0.65 
7.56 + 0.58 
5.60 + 0.49 
5.59 + 0.59 

17.5 4 1.1 
8.91 + 0.68 
6.14 + 0.53 
4.07 + 0.50 
3.10 + 0.41 
3.93 + 0.44 
6.18 + 0.54 
9.73 + 0.77 
3.58 + 0.50 

<0.13 
0.55 + 0.25 
1.01 + 0.28 
0.92 + 0.27

0.57 + 0.12 
0.71 + 0.23 
0.67 + 0.20 
4.57 + 0.52 
5.39 + 0.46 

42.7 + 1.8 
24.5 + 1.6 
0.75 + 0.24 
0.46 +.0.17 
0.97 + 0.23 
1.76 + 0.27 
2.80 + 0.33 
4.88 + 0.37 

23.3 + 1.2 
7.04 + 0.48 

53.9 + 1.3 
3.69 + 0.34 

16.4 + 0.7 
3.41 + 0.35 

25.1 + 1.0 
5.75 + 0.43 

17.6 + 0.8 
7.31 + 0.49 

19.5 + 1.0 
14.4 + 0.8 

7.56 + 0.51 
8.48 t 0.54 
7.71 + 0.54 
6.06 + 0.45 
5.69 + 0.44 

17.2 + 0.89 
9.83 +0.61 
6.26 + 0.49 
3.56 + 0.39 
2.62 + 0.30 
3.47 -0.36 
6.04 + 0.48 
8.78 _ 0.22 
2.76 + 0.47 
0.44 + 0.24 
0.72 4 0.20 
1.03 + 0.29 
0.87 + 0.20

0.48 
0.36 
0.50 
0.98 
0.95 
3.72 
2.86 
0.55 
0.41 
0.47 
0.69 
0.63 
0.59 
0.93 
0.90 
4.16 
0.58 
1.16 
0.58 
1.99 
0.76 
0.67 
0.70 
1.15 
1.08 
0.92 
0.68 
0.86 
0. 68 
0.62 
1.17 
0.98 
0.84 
0.69 
0.51 
0.68 
0.63 
1.00 
0.93 
0.31 
0.55 
0.60 
0.82

* 0.10 
+ 0.16 
+ 0.14 
+ 0.27 
+ 0.24 
* 0.90 
* 0.80 
* 0.14 
* 0.13 
* 0.14 
+ 0.17 
* 0.21 
+ 0.21 
* 0.53 
+ 0.31 
* 0.61 
* 0.19 
+ 0.34 
7 0.19 
* 0.49 
* 0.21 
+ 0.41 
+ 0.25 
+ 0.43 
+ 0.37 
+ 0.25 
- 0.20 
* 0.25 
* 0.23 
+ 0.24 
* 0.42 
* 0.38 
* 0.24 
* 0.19 
* 0.17 
* 0.20 
+ 0.23 
* 0.32 
*- 0.25 
* 0.19 
* 0.18 
* 0.23 
* 0.19

49

I.  

V

<MDAd 
'I 

IS 

4.24 + 0.38 
<HDA 

11.1 + 0.4 
10.4 + 0.5 

<MDA 
'I 

I' 

Il 

It 

It 

16.7 + 0.4 
<MfDA 

13.0 + 0.4 
<MDA 

IT 

1.79 + 0.30 
20.1 + 0.5 

<MDA 
7.57 + 0.37 
3.24 + 0.31 

<MDA 
It 

6.61 + 0.35 
•MDA 

It 

It 

3.58 + 0.33 
•DA 

6.02 + 0.39 
-MDA 

IT 

It 

It 

to 

It 

It 

II 

to 

it 

If

L *%

i 
£

L.



TABLE 4, cont.

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES

"Location Radionuclide Concentrations (pCi/g) 

Ra-228 Th-228 Ra-226 U-23 8 

44 1.23 + 0.38 - 1.38 + 0.28 0.48 + 0.20 <MDA 
45 15.1 + 0.80 14.9 + 0.69 2.00 + 0.38 " 

46 7.92 + 0.51 7.62 + 0.45 1.50 + 0.24 it 

47 0.97 + 0.25 1.02 + 0'.23 0.61 + 0.18 If 

48 0.57 + 1.92 0.65 + 0.16 0.48 + 0.14 " 
49 0.86 + 0.24 0.83 + 0.30 0.32 + 0.17

a Refer to Figures 6, 7, 8, and 9.  
b Assumed to be in equilibrium with Th-232.  
C Error is 2a based on counting statistics only.  
d MDA values generally ranged between 2 and 5 pCi/g.

I"

L.

-. 4

50

r
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TABLE 5

RADIONUCLIDE CONCENTRATIONS IN WATER SAMPLES

Raditoucl ide Concentxatione (pC

Il-232 Ra-226

i/I or 10-9 I1Cf/ 1) 

Ra-228 0-234 11-235 0-238

I DIcinage Stream 

2 Sheffield Brook 

3 Sheffield Bgook 

4 F•coptOil River, 
500 No *,pLaream, 

5 ponpt on lRivet , 
100 w upal etevo 

6 P'omapto n1 River, 
UI 100 0a dovwn6 realm 

.d Ilumpton Rivet 

100 a. downst realm, 

7 3i'nla(nil River.  
500 . dosi, t ream 

Si.nt.,,! _S~v__r[

9 

30 

12 

13

4.8 1 3.81, 

6.5 +-1.7 

<2.2 

1.1 + 1.4 

<0.7 

39 +_9 

0.9 L 1.0 

0.8 t 1 .  

29 *4 

19 +8 

12 s 6 

<2.8 

1.6 .* 1.3 

<2.3

2.1 + 1.9 

2.5 :L 1.9 

<3.6

<1.0 

<1.0 

<1.0

<!.3 0.09 +t 0.07

<1 .3 

877 +32 

1.6 + 1.6 

2.9 + 1.9 

10.4 + 2.3 

8.8 - 5.3 

4.2 * 5.7 

6.6 + 6.0 

8.4 4 2.1 

<3.7

<1.0

<1.0 

1.7 t. 0.6 

<1.0

<1.0 

<1.0 

<1.0

<0.05 0.10 * 0.34 

<1.0 <1.0

<0.0 7 

0.20 ±0.23 

--.- c 

0.10 • 0.10 

<0.0I

<0.61 

<0. 63

<1.0 

<1.0 

<1.0

<1.0 

<1.0 

<1.0

<0.63 0.10 , 0.02 <0.05

<0. 63

<0.05 0.06 + 0.03 <0.05

<1.0

0.32 £ 0.07 

<0.05 

0.25 * 0.09 

0.55 + 0.08 

<0.05 

0.13 + 0.10

<1.0

0.08 + 0.02 

<0.05 

<0.05 

0.14 1 0.03 

<0.05 

<0.05

<1.0

0.06 a 0.02 

<0.05 

<0.05 

0.06 + 0.03 

<0.05 

0.23 + 0.11

<0.0 1

0.12 4 0.11 

0.18 O.
1

1 

0.08 ± 0.09 

0.08 + 0.07 

0.25 * 0.10

<0. 63

3.25 + 0.84 

<0.63 

<0.63 

0. 63 

<0.63

<3.0 <1.0

I <0.05

<1 .0

0.76 +_ 0.04 

0.19 1_ 0.03 

1.02 + 0.07 

0.52 ± 0.04 

0.23 + 0.03

<0.05

<1.0

<0.05 

<0.05 

0.05 * 0.01 

<0.05 

<0.05

<0.07 2.16 + 0.59 0.19 * 0.06 <0.05

+.3 ±0.8 

+.3 t 0.6 

1.0 + 0.7 

0.13 * 0.02 

<1.0 

0.06 + 0.02

<1.0

0.79 1 0.06 

0.11 4 0.02 

0.98 + 0.07 

0.56 + 0.04 

0.21 + 0.03 

0.34 + 0.07

Refer to Figures 6 and 9.  
Error is 2a based on counting statistics only.  
Dash indicates analysis not performed.  
Resampled 7/26/82 due to questionable gross alpha and gross beta concentrations in 
initial sample.

Siuaip I e 
10c at11 i 34,

Grove 
Alpha

GBOea 
Betao Th-228 Th-230

a 
b 
C 

d
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3.5 £ 4.0 4.9 f 5.6b <1 <1 <1 <0.07

<2.3 <3.6 <0.05 <0.05 <0.05 2.17 * 0.02

<2.8

<O. 63 <1 <1 <1

'0.63 01.19 * 0.03 <0.05 0.13 4 0.03

<3.7 <1 <1 <1 <0.07 3.07 + 2.06 <1 <1 <1

1.6 + 1.4 <1.3 <i <1 <i <0.07

<2.2 14.7 1 6,5 <1 <1 <1 <0.07

<2.2 <3.6 <1 <1 <1 <0.07

14 
Surface Water 
Knell. Farm 

15 
Surface Water 
lRueth Faim 

16 
Well Water 
Knuelt F.ra.  

17 
Well Water 

Kuehm Farm.  

I8 
Well Water 
Wendt Lane 

19 
Well water 
Wendt Lane 

20 
Well Water 
Deerfield Rd.

21 
Well Water 
Farmuingdale Rd. 12 * 6 

21d 
Well Watet 
Farmingdale Md. 1.3 £2.3

21d 
Well Water 
Fagmingdale Rd.  

22 
Well Water 
black Oak 
Ridge Rd.

3.7 £ 2.8

<3.8 <1 <1 <1 <0.07

60 , 10 <1 

<2.3 -

3.1 +- 3.5 --

<O. 61 

<O 63 

'0.63 

<0.63

<1 <1 0.42 + 0.04 <0.63

<1 <1 <l 

<1 <1 <! 

<1 <1 <1 

<1 <l <1 

<I <1 <1

1.2 £ 1.1 1 1.3 # 1.6 -c

a Sample location not indicated in Figures.  
b Errors are 20 based on counting statistics only.  
C Dash indicates analysis not performed.  
d Reanalyzed due to questionable gross alpha and gross beta concentrat: ions.

6.8 * 5.8

Us 
t')

r

TABLE 6 

RADIONUCLIDE CONCENTRATIONS IN ADDITIONAL 
WATER SAMPLES FROM T1lE VICINITY OF SHEFFIELD BROOK 

Scaple 
Radiouclide Concetrataions (p(:i/I or 1 10-9 ICi/wl) 

,Groa Alpha Gross Beta Tlr-228 Th-230 Th-232 Ra-226 Ra-228 U-234 ' 0-235 . . -28
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TABLE 7

RADIONUCLIDE CONCENTRATIONS IN VEGETATION SAMPLES

Radionuclide Concentrations (pCi/l) 

lOocat i Oita ............................. . ..  

Ra-228 lli-228 ka-22
6  0-235 u-:238 

I Unwashed 2.04 + 0 .47b 0.99 * 0.21 0.34 + 0.15 <HDAC <HDA 

Washed 0.31 -0.12 0.09 + 0.11 0.04 + 0.06 

2 Unwashed 0.1.7 .0.23 0.28 +0.18 0.36 +. 0.15 

3 Unwashed 12.8 + 0.4 10.1 t 0.3 0.71 + 0.16 " 

Washed 0.69 7 0.61 0.15 *0.12 0.10 1 0.10 

4 Unwashed 6.96 + 0.36 4.11 + 0.24 0.44 j0.13 " " 

Uashied 2.38 + 2.06 0.28 + 0.12 0.14 * 0.19 

5 Unwashed 1.87 + 0.19 1.83 + 0.16 0.39 0.10 

Washed 1.25 7 0.16 0.89 7 0.12 0.14 + 0.07 

6 Washed 0.37 * 0.13 0.14 . 0.12 0.08 +0.11 

Ktehlim Farm: 

Kale <0.08 0.21 + 0.12 0.10 * 0.09 

Zucchini 0.25 * 0.12 0.14 * 0.08 0.16 1 0.07 

Dill <0.05 <0.03 0.04 + 0.06 it

a Refer 
b Error 
c MDA =

to Figure 6.  
is 20 based on counting statistics only.  
minimum detectable activity 
Uranium-2 3 5: 0.05 - 0.10 pCi/g 

Uranium-2 3 8 : 1.2 - 2.3 pCi/g
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Glossary

Activation:

Activity:

Aerial survey:

Alpha particle:

Background 
radiation:

Baseline 
concentration:

Beta particle: 

Contamination:

The process of making a material radioactive by 
bombardment with neutrons, protons, or other nuclear 
particles.  

Radioactivity, the spontaneous emission of radiation, 
generally alpha or beta particles, often accompanied by 
gamma rays, from the nuclei of an unstable nuclide. As 
a result of this emission, the radioactive material is 
converted (or decays) into a different nuclide 
(daughter), which may or may not be radioactive.  
Ultimately, as a result of one or more stages of 
radioactive decay, a stable (nonradioactive) nuclide is 
formed.  

A search for sources of radiation by means of sensitive 
instruments mounted in a helicopter or airplane.  
Generally, the instrumentation records the intensity, 
location, and spectral analysis of the radiation.  

A positively charged particle emitted by certain 
radioactive materials. It is made up of two neutrons 
and two protons bound together, and hence is identical 
with the nucleus of a helium atom. It is the least 
penetrating of the three common types of radiation 
(alpha, beta, gamma) emitted by radioactive material, 
and can be stopped by a sheet of paper.  

The radiation in man's natural environment, including 
cosmic rays and radiation from the naturally radioactive 
elements. It is also called natural radiation. The 
term may also mean radiation that is unrelated to a 
specific experiment. Levels vary, depending on 
location.  

The concentration of a given substance typically 
encountered in the area under consideration, i.e. the 
normal or naturally occurring level.  

An elementary particle emitted from a nucleus during 
radioactive decay, with a single electrical charge and a 
mass equal to 1/1837 that of a proton. A negatively 
charged beta particle is identical to an electron. A 
positively charged beta particle is called a positron.  

Undesired radioactive materials that have been deposited 
on surfaces, are internally ingrained into structures or 
equipment, or that have been mixed with another 
material.

A-!
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A 3pecial unit of activity. One curie equals 3.7 x 1010 nuclear disintegrations per second. Several fractions 
of the curie are in common usage: 

- Millicurie - one thousandth of a curie. Abbreviated as mCi.

- Microcurie - one millionth of a curie.  
as uCi.  

- Nanocurie - one billionth of a curie.  
as nCi.  

- Picocurie - one trillionth of a curie.  
as pCi.

Abbreviated 

Abbreviated 

Abbreviated

Daughter: 

Decay, 

radioactive: 

Decontamination: 

Dose: 

Dose rate:

Exposure:

Exposure rate: 

Gamma radiation:

The product of radioactive decay of a nuclide. (also see Parent).  

The spontaneous transformation of one nuclide into a different nuclide or into a different energy state of the same nuclide. The process results in a decrease, with time, of the number of original radioactive nuclides in a sample. It involves the emission from the nucleus of alpha particles, beta particles, or gamma rays; or the nuclear capture or ejection of orbital electrons; or fission. Also called radioactive disintegration.  

Those activities employed to reduce the levels of contamination.  

A measure of the quantity of radiation absorbed in a unit mass of a medium. The unit of dose is the rad.  

The radiation dose delivered per unit time and measured, for example, in rads per hours.  

A measure of the ionization produced in air by x or gammza radiation. It is the sum of the electrical charges on all ions of one sign produced in air when all electrons liberated by photons in a volume element of air are completely stopped in air, divided by the mass of the air in the volume element. The special unit of exposure is the roentgen.  

The radiation exposure per unit time. Measured, for example, in roentgens per hour.  

High-energy, short-wave length electromagnetic radiation of nuclear origin (radioactive decay). Gamma rays are

A-2
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the most penetrating of the three common types of 
radiation.

Half-life: The time in which half the atoms 
radioactive sustance disintegrate to 
form. Measured half-lives vary from 
second to billions of years.

of a particular 
another nuclear 
millionths of a

Microrad (urad): 

Microroentgen 
(PR): 

Millirem (mrem): 

Natural uranium: 

Natural thorium: 

Parent: 

Picocurie (pCi):

Rad:

Radiation: 

Radioactivity: 

Radionuclide: 

Radium (Ra):

A submultiple of the rad, equal to one-millionth of a 
rad. (see rad).  

A submultiple of the roentgen, equal to one-millionth of 
a roentgen. (see roentgen).  

A submultiple of the rem, equal to one-thousandth of a 
rem. (see rem).  

Uranium as found in nature, containing 0.7 percent of 
uranium-235, 99.3 percent of uranium-238. It is also 
called normal uranium.  

Thorium as found in nature. Natural thorium contains 
equal activity level of thorium-232 and thorium-228.  

A radionuclide which disintegrates or decays to produce 
another nuclide which is also radioactive. This second 
radionuclide is known as the daughter product.  

One-trillionth (10-12) of a curie.  

The unit of absorbed dose. The energy imparted to 
matter by ionizing radiation per unit mass of irradiated 
material at the place of interest. One rad equals 0.01 
joules/kilogram of absorbing material.

Energetic nuclear particles including neutrons, 
particles, beta particles, x-rays, and gamma 
(nuclear physics). Also includes electromagnetic 
(radiation) of any origin.

alpha 
rays 

waves

The property of certain nuclides of spontaneously 
emitting particles, or gamma radiation. Often shortened 
to "activity." 

A general term applicable to any radioactive form of the 
elements, a radioactive nuclide.  

A radioactive metallic element with atomic number 88.  
As found in nature, the most common isotope has an 
atomic weight of 226. It occurs in minute quantities 
associated with uranium in pitchblende, carnotite, and 
other minerals; the uranium decays to radium in a series

A-3
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Radon (Rn): 

Rare earths: 

Rem: 

Roentgen (R):

Secular 
Equilibrium: 

Survey: 

Thorium (Th): 

Thorium series: 

Uranium (U):

1..

of alpha and beta emissions. By virtue of being an 
alpha- and gamma-emitter, radium is used as a source of 
illuminescence and as a radiation source in medicine and 
radiography. The isotope of radium with an atomic 
weight of 228 is found in the thorium decay series.  

The heaviest element of the noble gases, produced as a 
gaseous emanation from the radioactive decay of radium.  
Its atomic number is 86. All isotopes are radioactive.  
Rn-222 is an isotope with a half-life of 3.82 days.  

A group of 15 . chemically similar metallic elements, 
including elements 57 through 71 on the Periodic Table 
of the Elements, also known as the Lanthanide Series.  

The unit of ionizing radiation that produces the same 
biological damage to man as a unit of absorbed dose 
(1 roentgen) of high voltage x-rays.  

A unit of exposure to ionizing radiation. It is that 
amount of gamma or x-rays required to produce ions 
carrying one electrostatic unit of electrical charge 
(either positive or negative) in one cubic centimeter of 
dry air under standard conditions.  

The state which prevails when the rate of formation of a 
radioactive material equals the material's rate of 
decay. Although, by theory, this condition is never 
completely achieved, it is essentially established in 
the thorium.decay series as it occurs in nature.  

An evaluation of the radiation hazards incidental to the 
production, use, or existence of radioactive materials 
or other sources of radiation under a specific set of 
conditions.  

A naturally occurring radioactive element with atomic 
number 90 and, as found in nature, an atomic weight of 
approximately 232.  

The series (sequence) of nuclides resulting from the 
radioactive decay of thorium-232. Many man-made 
nuclides decay into this sequence. The end product of 
the sequence in nature is lead-208.  

A radioactive element with the atomic number 92 and, as 
found in natural ores, an average atomic weight of 
approximately 238. The two principal natural isotopes 
are uranium-235 (0.7 percent of natual uranium) and 
uranium-238 (99.3 percent of natural uranium). Natural 
uranium also includes a minute amount of Uranium-234.
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Uranium series: The series (sequence) of nuclides resulting from the 
radioactive decay of uranium-238. The end product of 
the series is lead-206.
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EXPLANATION OF SM9OLS AND UNITS 

Uni t English Equivalents

Cm 

g 

h 

kg 

km 

I 

m 

ml 

mrem 

pCi 

Ra 

U 

Th 

•Cic 

i.rad 

I-R

0.394 inches 

0.032 ounces 

2.2 pounds 

0.622 miles 

0.264 gallons 

3.28 feet 

0.061 cubic in.

A-6

Symbols

centimeter (x 10-2 meters) 

gram 

hour 

kilogram (x 103 grams) 

kilometer (x 103 meters) 

liter 

meter 

milliliter (x 10-3 liters) 

millirem (x 10-3 rem) 

picocurie (x 10-12 curies) 

Radium 

Uranium 

Thorium 

microcurie (x 10-6 curies) 

microrad (x 10-6 rads) 

microroentgen (x 10-6 roentgens)
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THORIUM DECAY SERIES

Parent Half-Life Major Daughter 
Decay Products 

Thorium-232 14 billion years alpha Radium-228 

Radium-228 5.8 years beta Actinium-228 

Actinium-228 6.13 hours beta, gamma Thorium-228 

Thorium-228 1.91 years alpha Radium-224 

Radium-224 3.64 days alpha Radon-220 

Radon-220 55 seconds alpha Polonium-216 

Polonium-216 0.15 seconds alpha Lead-212 

Lead-212 10.6 hour beta, gamma Bismuth-212 

Bismuth-212 60.6 minutes alpha (l/3)* Thallium-208 
beta (2/3)* Polonium-212 

Thallium-208 3.1 minutes beta, gamma Lead-208 

Polonium-212 0.0000003 seconds alpha Lead-208 

Lead-208 stable none none

* Two decay modes are possible for Bismuth-212.
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URANIUM DECAY SERIES

Major 
Parent Half-life Decay Products Daughter 

Uranium-238 4,500,000,000 yrs. alpha Thoriumt-234 

Thorium-234 24 days beta, gamma Protactinium-234 

Protactiniui-234 1.2 minutes beta, gamma Uranium-234 

Uraniumt-234 250,000 years alpha Thorium-230 

Thorium-230 80,000 years alpha Radium-22 6 

Radium-22 6 1, 600 years alpha Radon-222 

Radon-222 3.8 days alpha Polonium-218 

Polonium-218 3 minutes alpha Lead-214 

Lead-214 27 minutes beta, gamma Bismuth-214 

Bismuth-214 20 minutes beta, gamma Polonium-214 

Polonium-214 2/10,000 second alpha Lead-210 

Lead-210 22 years beta Bismuth-210 

Bismuth-210 5 days beta Polonium-210 

Polonium-210 140 days alpha Lead-206 

Lead-206 stable none none
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APPENDIX C

Major Analytical Equipment 

The display or description of a specific product is not be be construed as 

an endorsement of that product or its manufacturer by the authors or their 
employers.  

A. Direct Radiation Measurements 

Eberline "RASCAL" 
Portable Ratemeter-Scaler 
Model. PRS-l 
Compensated G-M Probe, Model HP-270 
(Eberline Instrument, Santa Fe, NM) 

Eberline PRM-6 
Portable Ratemeter 
Scintillation Probe, Model 489-55 
(Victoreen, Inc., Cleveland, OH) 

Pressurized Ionization Chamber (PIC) 
Model RSS-11 
(Reuter-Stokes, Cleveland, OH) 

B. Laboratory Analysis 

Ge(Li) Detector 
Model LGCC222oSD, 23% efficiency 

- (Princeton Gamma-Tech, Princeton, NJ) 

Used in conjunction with: 
Lead shield, SPG-16 
(Applied Physical Technology, Smyrna, GA) 

Pulse Height Analyzer, ND680 

Model 88-0629 with associated computer package 
(Nuclear Data, Inc., Schaumburg, IL) 

Alpha Spectroscopy System 
Tracor Northern 1705 
Pulcir PA-l Alpha Module 
(Pulcir, Inc., Oak Ridge, TN) 

Low Background Alpha-Beta Counter 
Model LB5100-2080 
(Tennelec, Inc., Oak Ridge, TN) 

25 mg Californium-252 Source with 
Flexo-Rabbit Pneumatic Transfer system 
(Reactor Experiments, Inc., San Carlos, CA)
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Multichannel Analyzer 
Model DI-7200 
(Tracor Northern, Middleton, WI) 

iC.  
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APP ENDIX D

Analytical Procedures 

Gamma Scintillation Measurements 

Walkover surface scans and measurements of gamma exposure rates were 

performed using an Eberline PRM-6 portable ratemeter with a Victoreen 

Model 489-55 gamma scintillation probe containing a 3.2 c= x 3.8 cm NaI(TI) 

scintillation crystal. Count rates (cpm) were converted to exposure levels 

(jiR/h) using a factor of 520 cpm = I uR/h. This factor was determined by 

comparing the response of the scintillation detector with that of a Reuter 

Stokes Model RSS-l11 pressurized ionization chamber at several locations 

along Sheffield Brook.  

Beta-Ga•ma Dose Rate Measurements 

Measurements were performed using Eberline "Rascal" Model PRS-1 

portable- ratemeters with Model EP-270 energy compensated G-M probes. Dose 

rites (6rad/h) were determined by comparison of the response of a Victoreen 

Model 440 ionization chamber survey meter to that of the G-M probes for a 

natural thorium source. The conversion factor determined was 

1.0 cpm = 1 prad/h.  

L 
Soil and Sediment Sample Analysis 

Soil and sediment samples were sifted to remove rocks (the fraction 

removed constituted <5% of the total), dried at 1200 C, finely- ground, 

mixed, and a portion placed in a one-liter Marinelli beaker. The quantity 

placed in each beaker was chosen to reproduce the calibrated counting 

geometry and typically ranged from 500 to 800 g of soil. Net weights were 

determined and the samples counted using a 23% Ge(Li) detector (Princeton 

Gamma Tech) coupled to a Nuclear Data model ND-680 pulse height analyzer.  

The following energy peaks were used for determination of the radionuclides 

of concern:
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Ra-228 - 0.911 MeV from Ac-228 

Th-228 - 0.583 MeV from TI-208 

Ra-226 - 0.609 MeV from Bi-214 

U-235 - 0.143 MeV 

U-238 - 1.001 MeV from Pa-234m 

Peak identification and concentration calculations were provided by 

computer analyses.  

Several randomly selected samples were analyzed for isotopic thorium 

by alpha spectroscopy. These analyses indicated approximately equal 

"concentrations of Th-232 and Th-228, confirming that the thorium series is 

in equlibrium in the off-site residues.  

All soil and sediment samples were analyzed for U-238 and U-235 by 

gamma spectrometry. Samples with detectable levels of uranium were 

subsequently analyzed for U-238 by neutron activation. Approximately 

19-20 g of soil were irradiated for 15 minutes in a neutron flux of 

108 n/cm2 /sec. After a one minute wait time, the U-239 peak (74.6 keV) was 

counted for 10 minutes and the U-238 concentration calculated.  

Water Samples 

Water samples were rough filtered through Whatman No. 2 filter paper.  

Remaining suspended solids were removed by a filtration through 0.45 Jm 

pore size membrane filters. The filters, together with attached solids, 

were discarded; the filtrate was acidified by the addition of 20 ml of 

concentrated nitric acid.  

Gross Alpha and Gross Beta Analysis 

Fifty milliliters of each sample was evaporated to dryness and counted 

on a Tennelec Model LB5100 low background proportional counter.

D-2



Gamma Spectrometry

Three and one half liters of each sample was placed in Marinelli 

beakers and analyzed by Ge(Li) gamma spectrometry using the same techniques 

as for soil samples.  

Radium-226/228 Analysis 

Samples were analyzed for Ra-226 and 228 using the standard technique 

EPA 600/4-75-008 (Revised).  

Thorium and Uranium Isotopic Analysis 

Alpha spectrometry analysis for Th-228, Th-232, U-234, U-235, and 

1U-238 was performed by an outside analytical laboratory.  

Vegetation Analysis 

Gamma Spectrometry 

Vegetation samples were air dried, chopped, and mixed. Aliquots were 

placed in .3.5 1 Marinelli beakers and analyzed for identifiable photopeaks 

fl in the same manner described above for soil sample analysis.  

Calibration and Quality Assurance 

Laboratory analytical instruments are calibrated using NBS - traceable 

standards. Portable survey instruments for exposure rate and dose rate 

measurements are calibrated by comparison of their responses to those of 

"other instruments having NBS - traceable calibration. Field comparisons or 

comparisons using samples typical of the area are used. to develop these 

calibrations.
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Quality control procedures on all instruments included daily 

background and check-source measurements to confirm lack of malfunctions 

and nonstatistical deviations in equipment. The ORAU Laboratory 

participates in the EPA Quality Assurance Program.  

Ij 
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Appendix E

* Evaluation of Radiation Exposures 
Along Sheffield Brook 

Wayne, New Jersey 

The survey of Sheffield Brook indicates that the streambeds and bank 

soils of the brook and two drainage streams contain radioactive material in 

concentrations exceeding the normal background levels. Elevated concentra

* tions of this material are also present on some of the adjacent properties.  

The radionuclides present are from the thorium and uranium decay 

series. These are naturally occurring substances, believed to have been 

created when the earth was formed, and present today in small quantities 

throughout our environment. They occur in soil, air, water, food, etc., and 

are the sources of a portion of the background exposure each person receives 

Sdaily. Soils in the United States typically have thorium (Th-228 and 

Th-232) and uranium (U-234 and U-238) levels of 2 pCi/g and 1.2 pCi/g, 

respectively. 1  Thorium concentrations in igneous rock are typically 

2.6 pCi/g. 2  Uranium concentrations in Florida phosphate rock and Tennessee 

bituminous rock average 80 pCi/g and 30-50 pCi/g respectively. Radiation 

exposures arising from these radioactive substances in their natural state 

L are not the result of man's activities and, to a large extent, can be 

controlled only by relocating to regions of lower background levels.  

Thorium is the principal radioactive substance present along Sheffield 

Brook. It is present in its natural form with all daughter products in 

equilibrium (refer to Appendices A and B). Radionuclides from the uranium 

decay series are present in lower concentrations than the thorium, e.g. the 

average concentration of radium-226, one of the decay products in the 

uranium series, is less than 5% of the thorium levels. Evaluations of 

various exposure pathways for thorium have determined that the primary 

pathway is direct exposure to the ga-ma radiation associated with this decay 

series. 3 ' 4  Although additional exposures may be received through ingestion 

of contaminated food or water or through inhalation of airborne radioactive 

materials, contributions from the pathways are very small compared to that 

from direct radiation.

E-1



The National Council on Radiation Protection -and Measurements has 

recommended a maximum annual whole-body dose equivalent of 500,000 microrem 

(i.rem) per year to an individual in the general population. 5  This is 

equivalent to a continuous level of approximately 57 microrem per hour' 

"(•rem/h). The maximum exposure level measured at one meter above the ground 

along Sheffield Brook is 270 microroentgens per hour (uR/h); the average 

"exposure level is 49 ,R/h. To calculate the annual exposure which might be 

S.received it is necessary to first estimate the amount of time that would be 

spent in the areas where these radiation levels occur. This is referred to 

as the "occupancy factor"; an occupancy factor of 10% - an average of 16.8 

hours per week, 52 weeks per year - was selected for this purpose. It is 

felt that this is an overestimate of the occupancy time and will therefore 

lead to a conservative overestimate of the radiation exposure and potential 

health effects. If an individual were to spend. .10% of his or her time in 

"the maximum and average radiation levels at this site, the annual dose 

equivalent above background would be approximately 201,000 'Irem and 

31,400 l1rem respectively. The latter value, based on the average exposure 

level, is more likely representative of the radiation an individual might 

receive at this site. This value can be compared with the annual natural 

background radiation of approximately 70,000 prem which residents of the 

Wayne-Pompton Plains area receive from direct external exposures or the 

approximately 20,000 ýLrem per year received from the radionuclides (e.g.  

p K-40) normally present in the human body. Also, for comparison, a typical 

L4 chest x-ray (according to data from the Department of Health and Human 

[p Services) might yield an exposure of about 27,000 uR.  

The primary health effect associated with radiation exposure is an 

increased risk of cancer. In this connection, an individual exposed 

continually for 70 years to the estimated average dose rate of 

31,400 urem/year would receive a dose of approximately 2.2 rem over the 

entire period. Based on a lifetime risk estimate of 100 fatal cancers per 

million people exposed to 1 rem of radiation*, the estimated increased risk 

of fatal cancers from 2.2 rem of radiation exposure is 0.22 deaths per 1000 

total deaths. This may be compared with the cancer death rate in Passaic 

County, according to the 1977 vital statistics (not age adjusted),of 222.3 

cancer deaths per 1000 total deaths.  

' CaiZca:ed fivom risk estimates vroviaed 1n the 1980 National Academy of 

Sciences re ort, "The -Ef^-fects on Vor'ulations o0 Ex'osue to Low Level-s of 
Ionizing Radiation, " anrd the 1977 retort bý the U.S. Scientific Corm•,iztee 

on Erfects of"' Atomic Radiation.  
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November 30, 1982 MEMO 

TO: Mayor W. Jasinski, Town Council, A. Bartolozzi 

FROM: M. Resnikoff, consultant on thorium contamination 

RE: Radiological Surveys of Sheffield Brook by the Nuclear Regulatory 
Commission and the New Jersey Department of Environmental Protection 

In this memo, the Nuclear Regulatory Commission (NRC) and New Jersey 
Department of Environmental Protection (DEP) reports on radiological surveys 
of Sheffield Brook are critically reviewed and recommendations offerred to 
the Town Council for its consideration.  

On October, 1982, both the NRC and DEP released reports of radiological 
surveys of Sheffield Brook taken Spring, 1982. This followed aerial surveys 
taken May, 1981 by EG & G, and preliminary ground measurements taken by the 
NRC November, 1981. One report is due December, 1982, an NRC radiological 
survey of the Grace & Co. property.  

The final NRC report, virtually identical to the preliminary report re
leased July, 1982 and confirmed by the DEP report, shows that Sheffield Brook 
is contaminated with radioactive materials, thorium and its decay products.  
This contamination extends the length of Sheffield Brook, about 700 meters
(from the Grace property at Black Oak Ridge Road, to the Pompton River), up to 
70 meters in width and one meter in depth. The levels of contamination 
are above the EPA interim cleanup standards and also above NRC guidelines.  
According to the NRC, approximately 13,000 cubic meters of contaminated earth 
would have to be removed to reduce radiation levels to NRC guidelines. Des
pite the request of the Town of Wayne, neither the NRC nor DEP offer recommend
ations on what to do with this contamination which presently exceeds legal lim
its. Neither the federal agencies (NRC and DOE) nor Grace & Co. have assumed 
responsibility for the cleanup, nor proferred a plan with fixed goals and time
lines. If the federal agencies perform the cleanup, Congress would have to 
appropriate the money, presumably according to an NRC or DOE recommended plan.  
The Mayor, Committee of the Town Council, or Town Attorney, should enter into 
informal negotiations with the federal agencies and the office of Representative 
Roe on a cleanup plan.  

Water Contamination Levels 

People are primarily affected by radioactivity from Sheffield Brook/ 
Grace property in two ways: by direct exposure near the site and through in
gestion of contaminated water. While the reports show that radioactive con
centrations in water are below drinking water standards (the most restrictive 
standard), the levels downstream of the Grace property are much higher than 
up stream levels indicating that radioactivity is leaching from the site and 
the soil by Sheffield Brook.  

DEP sampling shows gross alpha radioactivity upstream of the Grace prop
erty (WI) as 0.68 pCi/l, and leaving the Grace property (enteringthe sewer 
lines, W13) as 5.67 pCi/l. See Figure 1 for the location of sampling locat- 7 y 
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ions. It therefore appears that the radioactivity concentrations increase 
due to surface drainage from the Grace site.  

The surface drainage then enters an underground sewer line upon leaving 
the Grace property. Two sewer lines feed into the Grace property drainage and 
dilute the radioactivity levels. In moving further downstream, the radioact
ivity levels in Sheffield Brook again increase. This information is summariz
ed in Table 1 below, the DEP measuring points being shown in Figure 1.  

The NRC measurements are, in general, higher than those of DEP. For ex
ample, the radioactivity concentrations of the drainage ditch leaving the 
Grace & Co. property are 5.67 pCi/l (W13, DEP) versus 29 pCi/l (#8,NRC). The 
reason for this discrepancy is not clear since the methods are virtually id
entical. The NRC report did not list radioactivity measurements upstream of 
the Grace & Co property. Perhaps the December NRC report will have this in
formation.  

In sum, while the radiation levels in water are below EPA standards, 
measurements by DEP show unmistakable leaching of radioactivity, primarily 
radi.um-228 which is more soluble. This leaching is from both the Grace 
property and from property downstream. The NRC measurements show radioact
ivity concentrations at the drainage ditch leaving the Grace property above 
the EPA drinking water standards.  

Direct Radiation Exposure Levels 

The radioactivity released from the Grace property via Sheffield Brook 
over the years has washed over an extended area, and has been dredged onto 
the stream banks. This radioactivity emanates from thorium-232 and its de
cay products, some of which emit gamma radioactivity, causing whole body 
radiation exposures. The levels near Pompton Plains Cross Road range from 
6 to 10 AR/h (background levels) up to 420 uR/h near Sheffield Brook, or 
about 40 times background. The band of land about Sheffield Brook with these 
higher than background levels is about 50 meters in width.  

West of Farmingdale Road the radiation levels are lower and the band 
of land with greater than background radioactivity has a width 10 to 20 
meters.  

Do these levels exceed radiation standards? A range of standards, along 
:with different methods of interpretation, exist. According to the NRC, 
no individual member of the general public is to receive more than 500 milli
rems per year (mr/y) (57 AR/h, assuming continual occupation). For an oper
ating nuclear fuel cycle facility, the fencepost dose limit is 25 millirems 
per year. The guideline for a nuclear reactor is 5 mr/y. For inactive uran
ium mill tailings sites, a situation most closely resembling Wayne, the ext
ernal exposure rate limit is equivalent to 10 JAR/h. According to DEP, this 
latter value is exceeded in an area greater than 18,000 m2 surface area along 
Sheffield Brook, from the Grace property to the Pompton River.  

Soil Measurements 

The levels of radioactivity in soil (in units of picocuries per gram, 
pCi/g) vary from background up to 722 pCi/g. Baseline soil measurements in
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the Wayne area vary from 0.58 pCi/g to 1.6 pCi/g. Clearly, the levels near 
Sheffield Brook exceed this natural radioactivity by a wide margin. The 
general surface area of higher than natural background thorium-228 closely 
parallels the area where higher radiation exposures occur.  

The EPA standards for remedial action are 5 pCi/g for radium-226.  
The NRC criteria, set in 1981, is 5 pCi/g for thorium-232 for unrestricted 
use, which corresponds to a direct exposure rate of 10 AR/h above background.  
The levels along Sheffield Brooý greatly exceed these levels. DEP estimates 
that a surface area of 18,000 m would not meet these criteria. The NRC est
imates that about 13,000 cubic meters of soil would have to be removed to 
reach a concentration limit of 10 pCi/g.  

NRC Hazard Evaluation Faulty 

While the NRC has declined to state whether or not Sheffield Brook should 
be decontaminated, its views on the hazard level and its understanding, are 
clearly stated in Appendix E. To determine the hazard, the NRC estimates the 
length of time a person would be exposed to radiation at Sheffield Brook, the 
exposure per year received, and the increased cancer risk incurred. One could 
disagree over details such as the amount of radiation exposure and the risk 
of low level ionizing radiation, but before entering into such a discussion, 
it is important to recognize that the NRC has changed the rules of the game 
at Wayne. At reactors or fuel cycle facilities, one customarily calculates 
a fence post dose to a hypothetical individual who spends 24 hours per day in 
residence. This dose must be less than 5 mr/y for a reactor and 25 mr/y for 
a fuel cycle facility. At Wayne such calculations would yield a dose up to 
3700 mr/y from direct exposure alone, much higher than the limit of 500 mr/y.  
The NRC therefore takes a 10% occupancy factor, reducing the highest level to 
370 mr/y, below the 500 mr/y limit. Second, the definition of the term 
"unrestricted release" has also been altered to fit the circumstances at 
Wayne. Customarily, when the NRC releases a site for "unrestricted" use, 
this implies that neither the former licensee nor the NRC would need to 
monitor and inspect the site. The Grace property and Sheffield Brook are 
in this category - no licenses are being held. While the NRC assumes an 
"occupancy factor" of 10%, they have no way of ensuring compliance. Prop
erty can be sold and uses will change over the long time periods that this 
radioactive material will remain toxic. Any future landowner or child can 
use the site as he or she wishes.  

The NRC also compares the Wayne site to Florida (phosphate rock, 80 pCi/9) 
and Tennesee (bituminous rock, 30-50 pCi/g). These are natural rock format
ions that are not the result of human activities. However, in Wayne, monazite 
sands were imported from overseas and other outside areas, and processed at 
Wayne. The residues left at Wayne are the result of human activities in trans
porting and processing these sands.  

It is important to recognize that a radioactive dump was created at 
Wayne without proper findings being made by the AEC. No analysis was per
formed by AEC Staff to evaluate the suitability of the Grace property for 
final disposal of thorium residues. No effective control was exercised by 
the AEC in preventing the Sheffield Brook area from becoming contaminated.  
The NRC has a conflict of interest in judging, in retrospect, whether proper 
findings were originally made and whether the site is hazardous.



Table 1. Radioactivity Concentrations in Water Samples

Sample No.

WI

W13 

W2

W3 

W4

Location Description 

Sheffield Brook upstream 
of Grace property

Sheffield Brook leaving 
Grace Property 

Sheffield Brook at 
Pompton Plains Cross Road 

Sheffield Brook, 50 meters 
north of Farmingdale Road 

Confluence of Sheffield 
Brook and Pompton River

Gross Alpha (pCi/l)

0.68 

5.67 

1.69 

2.10 

9.22

Comments

radioactivity concentrations 
increase in passing over 
Grace property 
radioactivity concentrations 
diluted by two additional 
sewer lines 

radioactivity concentrations 
continue to increase in pass
ing over contaminated soil

Data from DEP radiological survey
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Department of Energy 
Washington, D.C. 20545

DEC 13 1982

Mr. John Kinneman, Chief 
Material s Radiol ogi cal 

Protection Section 
NRC - Region I 
631 Park Avenue 
King of Prussia, Pennsylvania 19406

Dear. Mr. Kinneman: 

As requested during our telephone conversation on December 8, 1982, I am 

enclosing a copy of the Wayne Township, New Jersey, aerial radiological survey 

report.

Sincerely,' 

Arthur J. Whitman 
Public Safety Division 
Office of Operational 

Safety (EP-323)

Encl osure

A
ITEM # k5-000
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The Aerial Measuring Systems Program 
By J. E. Jobst

Absiact: EG&G. Inc.. has developed for the Department of 
Energy (DOE) an Aerial Measuring Systems (AMS) program 
dedicated to environmental research at facilities of interest to 
DOE, the Nuclear Regulatory Commission (NRC). and other 
federal agencies. The AMS was originally created to measure 
nuclear radiatiqn; the program cope 0eas been broadened 
dramaticalky to 'include a wide variery of remote wnson: 
multisp~eral and mapping esmeras. optical and infrared 
multispectral scanners, eir-sampling systems, and 
meteorological senors. The AAIS maintains wren aircraft as 
savey platforms, both fixed.wing aircraft and helicopters.  
Photography, scanner imagery, and radiation data are 
processed in dedicated, modern laboratories and used for a 
broad range of environmental inpact studies A graphic 
overview system has been developed for effective presentation 
of all types of remotely sensed data obtained at a facility of 
interest 

The Aerial Measuring Systems (AMS) program has been 
developed by the Department of Energy (DOE) and its 
predecessors, the Atomic Energy Commission (AEC) 
and the Energy Research and Development 
Administration (ERDA), to ensure that all energy 
"programs and operations are conducted in a manner 
that will protect the public, ensure occupational safety 
and health, and preserve the environment in 
accordance with nationally accepted norms."' 

Much of the AMS expertise is the fruit of 
experience gained empirically-results from research 
and development in support of the Environmental 
Health and Safety Program of the Department of 
Energy. A primary goal of the Environmental Health 
and Safety Program is to conduct balanced health and 
safety research in methods to protect against 
potentially harmful effects of all energy 
systems-from raw materials to final energy use.  

The AMS is a tool useful for both emergency 
nuclear safety problems and long-range environmental 
impact measurement, evaluation, and control. This 
article describes early systems development, the 

"Joel E. Jobst received the B.S. degree in physics and 
mathematics from Marquette University in 1959 and the Ph.D.  
degree in nuclear physics from the University of Wisconsin in 
1966. Since then he has worked at the Las Vegas Office of 
EG&G, the last 10 years in the Division of Aerial Measurement 
Operations. He has major responsibilities for the planning, 
execution, analysis, and reporting of aerial radiological surveys 
conducted throughout the United States and in the mid
Pacific.  
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present hardware and subsystems, the data analysis 
process, and the special overall nonnuclear 
environmental measurement capability and its relation 
to health and safety when unsuspected nuclear 
contamination arises.  

SYSTEM DEVELOPMENT 

Aerial measurements of surface radioactivity' were 
made in the United States as early as 1948. Their 
original purpose was to determine the feasibility of 
airborne prospecting for radioactive ore deposits.2 The 
U.S. Geological Survey (USGS) and the Oak Ridge 
National Laboratory (ORNL) cooperated with the 
Division of Biology and Medicine of the AEC in these 
early efforts. Experimental and theoretical studies led 
to the development of appropriate instrumentation.  
This equipment was used in 1950 to carry out the first 
systematic aerial survey of a large area (over 4100 
km2 ). In the mid-1950s, a series of events spurred the 
development of this aerial radiological measuring 
system by the USGS and ORNL These events included 
the United Kingdom Windscale reactor accident, the 
release of radioactive clouds from nuclear weapon tests 
in Nevada, and the emergence of commercial power 
reactors.  

The Windscale accident involved a partial core 
meltdown and subsequent release of radioactive gases 
for several days. These gases and particulates blanketed 
a large area surrounding the Windscale facility and 
severely taxed the health physicists charged with 
monitoring the affected areas. No airborne capability 
existed in England at the time to provide a rapid, 
large-area assessment of the problem.  

The radiological measuring system developed to aid 
in locating uranium deposits in the western United 
States was temporarily called on to track several 
radioactive clouds released by the Weapons Test 
Program at the Nevada Test Site. The system proved 
very useful in the cloud-tracking operation, but the 
USGS asked the AEC to relieve them of the cloud
tracking activity. In 1959 the AEC asked EG&G, Inc., 
to develop a second-generation system.  

The aerial monitoring system that EG&G designed' 
was primarily for theoretical and experimental studies 
of (1) the radiation environment, (2) detector



GENERAL SAFETY CONSIDERATIONS

response, (3) operational procedures, and (4) methods 
for rapid acquisition, analysis, and presentation of 
survey data.  

The AMS, as the program is now known, became 
operational in November 1960; the first large-area 
survey was conducted in 1961. Since that time a 
growing remote-sensing capability has been developed 
and operated for .the U. S. government. It now in
corporates a wide range -of remote-sensing instru
mentation and a variety of aerial platforms, performing 
both routine and accident-response functions.  

Several aerial programs are currently served by 
EG&G under the direction of DOE's Nevada 
Operations Office. These programs share the support of 
a staff of 110 full-time personnel, seven aircraft, 
data-acquisition systems, and analysis hardware and 
software.  

The objectives of AMS missions concern safety and 
environmental assessment and include (1) accident 
response, (2) baseline documentation, (3) accurate 
definition of man-made contribution to the radiation 
environment at sites of interest to DOE, and (4) 
integrated remote-sensing capability to support DOE
related programs.s The AMS also provides routine 
radiological surveys of nuclear reactors and other 
licensed facilities for the Nuclear Regulatory Com
mission (NRC). One of the primary purposes of AMS is 
fast response to a major accident or natural disaster.  
Fixed-wing and rotary aircraft, fully equipped with 
remote-sensing systems, are based on both the East and 
West Coasts to permit rapid response. The main 
operational base of AMS is in Las Vegas, Nev.; a 
smaller permanent staff is maintained at Andrews Air 
Force Base in Washington, D. C. The AMS supports the 
Interagency Radiological Assistance Program (IRAP).  

In a radiological emergency, all AMS assets, per
sonnel, and equipment become a major element of 
NEST, the Nuclear Emergency Search Team. Other 
groups from the Los Alamos Scientific Laboratory, 
Lawrence IUvermore Laboratory, Sandia Laboratories, 
and elsewhere join forces to search for and assess the 
radiological emergency and perform any necessary 
decontamination.  

AMS sensor systems include large-volume gamma 
scintillator arrays, neutron detectors, meteorological 
sensors, large-format aerial mapping cameras, multi
spectral aerial cameras, a multichannel scanner, air
sampling equipment, and extensive ground support 
equipment, including dedicated computers for data 
processing and a sophisticated multimode com
munication system. When not responding to an 
emergency or disaster situation, AMS is routinely used

to provide background hydrological, geological, 
ecological, and radiological baseline data on sites of 
interest to DOE. These include all operating nuclear 
power plants, radioactive waste storage facilities, and 
all DOE nuclear and energy development sites. Formal 
reports are prepared for each of the DOE and NRC 
surveys. These reports are useful for routine environ
mental impact statements and provide the basis for 
future detailed accident assessment, should that ever be 
necessary. Their preparation constantly maintains 
proficiency for accident response.  

AERIAL SURVEY EQUIPMENT 

In Las Vegas, AMS maintains four aircraft: a 
Convair 580-T, a Beechcraft Twin Bonanza E-50, a 
Hughes H-500 helicopter, and a Boeing BO-105 heli
copter. A Beechcraft King Air A-100, a Hughes H-500, 
and a Boeing BO-105 are stationed at Andrews Air 
Force Base. These aircraft are shown in Fig. 1. As 
mission requirements change, various sensor systems 
are mounted aboard an appropriate aircraft. Sometimes

Fig. I Seven aircraft are maintained by EG&G as AMS aerial 
survey platfoms. This fleet is supplemented by various 
military aircraft for special purposes.  

more than one system is used on a given mission. Since 
the aircraft performance capabilities are fairly well
known, the special emphasis here will be placed on the 
sensor systems, their performance specifications, and 
how the data are applied to a specific problem.  

Radiological Sensors 

The AMS relies primarily on arrays of sodium 
iodide crystals to detect gamma radiation from aerial 
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platforms. Crystals of various sizes and arrays of 
various weights and configurations are assembled as 
required.  

For relatively small areas, AMS relies heavily on a 
pair of detector pods, each containing ten 12.7-cm.  
diameter by 5.1-cm-thick sodium iodide [Na2(TI)] 
detectors. These are attached to the outside of the 
H-500 helicopter fuselage. Even though the H-500 has 
a limited range (500 k1m), its variable speed (0 to 200 
km/hr) and low altitude capability provide a very 
flexible platform for precision radiation surveys.  
Survey pattenis are regularly flown at an altitude of 
30 m, with a speed of 110 km/hr and a line spacing of 
30 m. In a typical day of survey work, the H-500s are 
airborne approximately 4 hr. By operating from a 
support base at the site, which is easily accomplished, 
this system can fly over 400 km of survey line and 
complete a 10-krfi2 site within 1 day.  

Gamma counts from all 20 detectors are summed.  
Count rates, gamma spectral data, aircraft position 
information, clock time, live time, radar altitude, and 
meteorological data are recorded on magnetic tape for 
subsequent analysis. Several real-time displays keep the 
two-man crew abreast of survey progress.

Special importance is attached to the vertical and 
horizontal position of the aircraft at all times. Since 
the source signal drops sharply with increasing altitude, 
radar altimeter readings that are accurate to ±0.6 m are 
recorded every second. During processing, count rates 
are corrected for altitude variations.  

Fixed reference points are established at each site 
by positioning a pair of transponders from a microwave 
ranging system (MRS). The master unit, in the hetli
copter, interrogates the slaves and calculates aircraft 
position to better than ±3 m. These data are recorded 
each second. A computer, also linked to the ranging 
system, drives a steering indicator in the cockpit. By 
"flying the needle," the pilot can fly programmed 
survey lines with great accuracy. This, in turn, assures 
complete coverage of the site and provides maximum 
assurance that even weak radioactive sources will be 
detected.  

All data from radiological and meteorological 
sensors, as well as time and position information, are 
automatically recorded by the Radiation and Environ
mental Data Acquisition and Recording (REDAR) 
system, shown in Fig. 2. REDAR is highly interactive, 
allowing the operator to select and display several

Fig. 2 The REDAR system consists of a power supply (II kg), a processing and recording unit (33 
kg), and various detector modules. The 170-kg detector pod shown at the upper right is half of the 
large array discussed under the heading Radiological Sensors. The processing unit handles input from 
many types of sensors simultaneously.  

NUCLEAR SAFETY, Vol. 20. No. 2. March-April 1979
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Table I Large-Array Conversion Factors 

Relaxation Sample Detector response 

luglt, depth, nCi/m' nR/hr, fci/g 
Iotope em cm Munts/sec Wunts/sec 7ounts/sec 

"' Cs 5 *.3 094 IA o A
5 

15 
15 
5 
5 

15 
15 
5 
5 

15 
is

10 
3 

10 
3 

10 
3 

10 
3 

10 
3 

10

0.94 
1.8 
1.8 
0.51 
0.51 
0.94 
0.94 
8.3 
8.3 
2.0 
2.0

3.4 
3.2 
3.2 
7.65 
7.65 
7.24 
7.24

5.4 
7.4 
6.0 
5.1 
3.0 
3.8 
3.1 

83.0 
48.0 
81.0 
65.0

portions of the gamma spectrum simultaneously.  
SpectrR can be added, and background can be sub.  
tracted' Its great flexibility permits the real-time 
analysisi required for aerial search activity. REDAR is 
used i all radiological surveillance, except snow 
surveys,: for which a different system has been 
developed.  

The sensitivity of various AMS detector systems is 
a complicated function of crystal volume, survey 
altitude, gamma-ray energy, source distribution, air
craft speed, and other variables. No point is served here 
by presenting all the results of elaborate experiments 
and computations that have been made to express AMIS 
results accurately, in meaningful units, for all these 
variables. Table 1, however, shows typical response 
parameters for a large array of crystals (40 detectors, 
12.7 by 5.1 cm) flown at an altitude of 30 m by a 
helicopter.  

Typical values of air density, soil density, and soil 
composition were assumed. The gamma-ray relaxation 
length in the soil is a function of energy and soil 
composition. The last three columns convert counts 
per second in the gamma photopeak window to 
nCi/m' (nanocuries per square meter), to nR/hr 
(nanoroentgens per hour, measured at a distance of 
1 m above ground), or to fCi/g (femtocuries of isotope 
per gram of soil). Sample depths for a ground survey 
must be accurately known if these aerial survey results 
are to be compared with ground survey results. The 
dramatic difference between the "0 Co and 241Am 
results, for comparable conditions, is due to the large 
difference in their gamma-ray energies (1.17321 and

1.33248 vs. 0.0595 MeV). The H-500 system response 
is half of that shown in Table 1, since it uses 20 of the 
same type of crystals.  

Most nuclear power reactors are surveyed with the 
A-100 King Air from an altitude of 152 m at a velocity 
of approximately 77 m/sec. Table 2 shows the response 
from 28 detectors (10.2 cm in diameter by 10.2 cm 
high), again assuming typical air and soil conditions.  

Table 2 King Air Detector Array Conversion Factors* 

137C,s &'Co 

CF, CF, 
Distribution, nR/hr MDA, nR/hr MDA.  

cm counts/sec MR/hr counts/sec MR/hr 

Surface 41.6 3.2 73.2 4.6 
0.1 37.4 2.9 66.5 4.2 
1.0 28.8 2.2 50.3 3.2 
2.0 26.9 2.1 45.5 2.9 
3.0 26.0 2.0 44.3 2.8 

10.0 25.1 2.0 40.2 2.3 
Volume 25.1 2.0 38.9 2-5 

"CF. conversion factor (nanoroentgens per hour per count 
per second).  

MDA, minimum detectable activity, in units of 
microroentgens per hour at the 99% confidenm level.  

Surface, infinite planar source with no vertical distribution.  
Volume, source is uniformly distributed from the surface 

to infinity.  
Note: Other distributions are expressed in terms of 

relaxation depths for an exponentially distributed source. The 
indicated exposure rates are to be measured at a distance I m 
above the soil surface.  
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The minimum detectable activity (MDA) for this 
system was calculated by measuring the statistical 
variations in signal strength after background had been 
stripped away from data obtained over typical survey 
sites containing variable concentrations of natural 
isotopes producing exposure rates of 4 to 6 MR/hr. The 
MDA (the minimum signal that would indicate a source 
of interest) was set at +3 standard deviations for terrain 
devoid of the isotopes being sought. Hence less than 
1% of strictly background data should yield erroneous 
' OCo or .Cs indications. Because of statistical 
fluctuations superimposed on the signal plus back
ground, a source corresponding to the minimum signal 
would be detected 50% of the time.  

In addition to the gamma-ray detector systems, 
AMS has also developed sensitive neutron detector 
arrays for aerial deployment. The detector is a 7-cm
diameter by 188 cm-long tube fifled with 3 He under 
high pressure and surrounded by a polyethylene 
moderator. An array of 24 tubes with appropriate 
power supply and counting electronics can be quickly 
mounted on the H-500 or other helicopter. These 
arrays are useful for neutron sources, some of which 
emit gamma rays of such low intensity that they are 
nearly undetectable with sensitive Nal detector arrays.  

Camera Systems 

AMS employs several camera systems, primarily on 
fixed-wing aircraft (Twin Bonanza, Convair 580-T, and 
King Air A-100). Occasionally, military aircraft are 
used as aerial platforms. One system consists of four 
Hasselblad 500 EL/M cameras mounted closely and 
aligned to yield identical fields of view. Synchronous 
framing provides multispectral photography on 70-mm 
film; 10 to 80% overlap between frames provides full 
coverage. By proper selection of film sensitivity and 
optical filter combinations, this system can be used to 
cover any four wavelength bands in the spectrum from 
visible to near-infrared (400 to 900 nm). Typical 
choices are shown in Table 3.  

Imagery obtained with this system is of very high 
quality and extremely useful when comparative 
information regarding the spectral properties of surface 
objects is required. Either 80- or SO-mm lenses are 
used. With the latter, each frame covers 18 by 18 kin, 
centered on the nuclear reactor or other site of 
interest.  

The Hasselblad multispectral system is routinely 
used for documentary photographic studies near nu
clear power plants. When provided with a photographic 
data base recorded at the time of plant startup, a photo 
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Table 3 Muluispectral-Band Photography (Hasselblad) 

Film type Filter Band, nm 

Kodak Aerocolor Negative Wratten 2A 400-700 
Film 2445 (haze) 

Kodak Aerochrome Infrared Wratten 12 500-900 
Film 2443 (yellow) 

Kodak Plus-X Aerographic Wratten 25 600-700 
Film 2402 

Kodak Infrared Aerognphic Wratten 89B 700-900 
Film 2424 

interpreter can detect changes in vegetation type or 
growth stress in existing vegetation by comparing these 
with similar imagery obtained after the plant has been 
in operation for some time. Such changes may be 
related to power-plant operation. Changing land use 
and demographic studies are made possible because 
complete coverage of each power plant is provided 
every few years by AMS.  

The AMS program also depends on large-format 
aerial mapping cameras for many projects. Large color 
photographs of sites are frequently used as base maps 
for radiological surveys. The Convair is equipped with 
twin Wild-Heerbrugg RC-10 aerial mapping cameras 
with a periscope viewfinder and camera control system.  
The King Air accepts just one such camera, as shown in 
Fig. 3. The RC-10 produces 23- by 23-cm vertical aerial 
photographs of mapping quality. The system is 
normally operated at altitudes between 3 and 9 kin, 
with normal aerial color film (Kodak Aerocolor 
Negative Film 2445), at 60% forward oirerlap to 
provide imagery suitable for stereo viewing: Such 
photographs are used wherever geometrical accuracy, 
high resolution, and normal color presentation are 
desirable. Other films, such as Infrared Color Type 
2443, are also used. Two lenses are used: a 153-mm 
focal length with a resolving power of 60.1 cycles/mm 
and an 89-mm lens with a resolving power of 42.2 
cycles/mm. The former has a field of view 1.5 times 
the aircraft altitude; at 3 km a single frame covers 4.5 
by 4.5 km.  

Each site for a radiological survey is usually 
photographed with the RC-10 a few days before the 
survey starts. Prints are used immediately for survey 
planning and again as a base map for radiation isopleth 
contours in the survey report.  

Multispectral Scanner 

The Convair is also equipped with a Daedalus 
mulhispectral scanner system. The spatial resolution is
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Fig. 3 The Wild4leerbrugg RC-10 is shown here in the King 
Air A-100. The operator guides the pilot directly over target.  
The control system automatically adjusts the framing rate to 
produce a preset overlap between frames.  

not as good as either camera system, but spectral 
selection is better and covers a much greater wave
length range. Direct measurements of thermal emission 
can be made in the infrared band as well as in the 
visible and ultraviolet bands. There are 10 optical 
channels, completely covering the range 0.38 to 1.10 
prn. Two thermal channels cover the 4.5 to 5.5 and 8.5 
to 11 pm bands. In operation, the Daedalus scanner 
views a ground scene in up to II bands simultaneously 
(10 optical plus I of the 2 thermal) measuring reflected 
and emitted radiation in the ultraviolet, visible, and 
infrared. Line-by-line imagery is constructed. similar to 
a television raster. to provide a photograph-like image 
of the overflown area. The lines are roll-corrected to 
remedy distortion caused by rotation of the aircraft 
about the longitudinal axis of the fuselage. Other 
system specifications are shown in Table 4.

Table 4 Daedalus Multispectral Scanner Parameters 

Parameter Symbol Specification 

Instantaneous field-of-view 
on the ground IFOV 2.5 mradians 

Noise equivalent temperature 
difference NEAT 40.10K 

Noise equivalent reflectance 
difference NEAP 1-2% (ultraviolet); 

<1% (visible and 
reflecting infrared) 

Wavelength coverage 
optical (10 channels) 0.38 to 1.1 w-n 
thermal (2 channels) 4.5-5.5, 8.5-11 #m 

Roll correction ±*15 

Multispectral scanner imagery neither supports nor 
complements radiological survey data. Its imagery is a 
dynamic branch of remote-sensing technology which 
makes a distinct contribution to AMS capabifities.  
Personnel, aircraft, and other support equipment are 
shared among AMS groups.  

Other Systems 

The Twin Bonanza and King Air are equipped with 
gas- and particulate-sampling systems to permit real
time sampling of airborne contaminants. The King Air 
system permits isokinetic sampling with 13-cm
diameter filters at 24 liters/sec. For high-efficiency 
gamma spectroscopy, the filters are analyzed on board 
with a sodium iodide detector. Filters are counted 
immediately after exposure and at carefully selected 
intervals thereafter to separate and identify the short
and long-lived isotopic contaminants. For high resolu
tion, GeLI or high-purity Ge detectors are employed.  
These systems include various ports for whole gas 
sampling or the addition of other instruments, such as 
a nephelometer or a multistage Lundgren cascade 
impactor. Particles are collected on thin mylar films 
which can be analyzed by alpha-particle-induced X-ray 
fluorescence or by inductively coupled plasma optical 
spectroscopy.  

AMS fixed-wing aircraft are equipped with various 
meteorological sensors for special applications.  
Absolute barometric pressure, outside air temperature, 
dew point, wind speed, wind direction, turbulence, and 
other parameters are often required background data 
for remote-sensing missions. The REDAR system 
records these along with radar altitude, exact aircraft 
position, and clock time to provide complete 
documentation for special missions as they occur.  
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DATA ANALYSIS 

Computer Processing 

Data from radiation surveys are initially processed 

on site within a NOVA 840 computer, which has a 

32,000-word core memory and an additional 1.2 x 10' 

word disk memory. Accessories include two data tape 

drives, two plotters, a cathode-ray tube (CRT) display, 

and a hard copier. The system, shown schematically in 

Fig. 4, is called REDAC (Radiation and Environmental 

Data AnalyzeT and.Computer). " 

Many software routines are availablee. Gamma 

spe'ctral windows can be selected from any portion of 

the spectrum between 50 keV and 3 MeV. Weighted 

combinations of such windows can be summed or 

subtracted; by proper selection of such windows, it is 

possible to extract photopeak count rates for radioiso

topes deposited on the terrain by human activity. The 

count rates are converted to isotope concentrations or 

exposure rates and plotted as a function of position.  

The resulting isopleth contour map is superposed on a

Fig. 4 A block diapmar of the REDAC (Radiation and 

Environmental Data Analyzer and Computer) system.  
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recent color photograph of the site. A typical radiation 
contour map is shown in Fig. S.  

In most cases, preliminary copies of a radiation 

isopleth map are presented to the facility manager 

immediately after the survey and before the crew 

leaves the site. Two mobile computer laboratories have 

been built into 5-ton step vans, as shown in Fig. 6. One 

mobile laboratory accompanies the aircraft to each 

survey site. Even greater speed and adaptability is being 

pursued; a third computer laboratory was recently 

built into an airline cargo container of the type 

normally used by wide-bodied jets. The AMS can now 

airlift a fully operational magnetic tape data-processing 

laboratory to any major city in the world just as 

conveniently as passenger luggage.  

Photographic Processing 

AMS maintains a complete photo processing 

laboratory equipped with modem, high-speed 

processing and printing equipment. A scientific 

photographer directs a full-time staff of 15 

photographers and photo technicians. In addition to 

the Wild-Heerbrugg RC-10 and Hasselblad cameras 

mentioned previously, the photo staff uses many 

35-mm cameras for documentary work, such as the 

Olympus OM-I and Nikon F2AS. Hand-held Hasselblad 

cameras are also used frequently for documentary 
work.  

Nearly all photo processing, color as well as black 

and white, is performed in dedicated AMS support 

facilities. A wide variety of development processes is 

used for rolls 60 m long or more. Contact prints and 

enlargements up to 1.3 by 3 m are routinely provided.  

Other services include slide and viewgraph production 

and prints from slides (Cibachrome or internegative).  

Nine graphic artists work with the photo laboratory 

and the scientific staff to produce radiation isopleth 

maps, reports, and data displays.  

Image Processing 

AMS has recently acquired [from ESL, Inc. (for

merly Electromagnetic Systems Laboratories, Inc.) of 

Sunnyvale, Calif.] a state-of-the-art, interactive data

processing system, designed and dedicated to the 

processing and analysis of image-related data. All types 

of imagery can be analyzed once it has been converted 

to digital form. The system is presently dedicated full 

time to the processing of scanner imagery.  

The system hardware consists of an HP-3000II 

minicomputer, 350 megabytes of disk storage, a 

Cormtal Vision One display and microprocessor unit,
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Fig. 5 This typical pmma-radiation isopleth was obtained over Lawrence Livermore Laboratory.  

Forty Nal(TI) detectors (12.7 cm in diameter by 5.1 cm thick) were flown at an altitude of 45 m. The 
survey work was completed on Aug. 13, 1975.

Fig. 6 The REDAC system processes magnetic tapes recorded 
by REDARL Gamma spectra may be obtained immediately 
after the aircraft returns from a flight. Sophisticated software 
permits preparation of radiation isopleth contours in the field.

and a number of input-output devices. The accom
panying software was specifically' developed to take 
advantage of the characteristics odthe hardware. Over 
100 specially designed algorithms and enhancement 
functions are accessible to process and analyze the 
imagery. Included are transforms, maximum-likelihood 
classification, statistical analysis, ratioing, and many 
more capabilities ideally suited to the analysis and 
interpretation of a broad range of remotely sensed 
data.  

APPLICATION OF NUCLEAR SURVEYS 

The primary objectives of AMS radiological surveys 
were stated earlier, viz., to provide baseline documenta
tion, to define any man-made contributions to the 
natural radiation environment, and to assess a radio
logical accident or disaster. Many AMS surveys are 
completed before a new reactor or nuclear facility 
begins operation.  
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Reactor surveys, before or ,during operations, are 
typically flown with a fixed-wing aircraft, such as the 
King Air, at an altitude of 150 m and a speed of 80 
m/sec. A 46- by 46-km square, centered on the facility, 
is flown with 0.93-km (0.5 nautical mile) spacing. Five 
flights of 3 to 4 hr each are required to accumulate the 
survey data. Generally, such surveys are completed in I 
week because of presurvey calibration work and MRS 
setup and postsurvey data analysis. Preliminary analysis 
is done with the REDAC system (Fig. 6) on site. The 
facility operators are invited to review the results as 
they are 'processed in the field: If anomalies are 
observed, gamma spectra at points of interest can be 
examined and isotopes can be identified. Much of the 
data required for remedial action can be provided 
immediately at the site. A final report is prepared after 
complete analysis, evaluation, and review by the AMS 
senior staff. Depending on the urgency and the 
priorities established by NRC, DOE, or other agencies 
that commission AMS surveys, the report is published 
within a few weeks or as long as a year or more after 
the survey.  

large facilities, such as the Hanford Reservation or 
the Idaho National Engineering Laboratory, may re
quire survey crews, aircraft, and the, computer pro
cessing laboratory to be on site for as long as 5 weeks.  
Such reports are generally quite complex and require 
considerably more time to prepare.  

As indicated in an earlier section, the REDAC 
system can be programmed to select the photopeak of 
a given isotope. Background and the Compton tails of 
other prominent isotopes can be stripped from the 
detector response; the resulting isopleth map for a 
specific isotope is invaluable for assessing the environ
mental impact of multiple sources at a single facility.  
Considerable interaction with facility *operators is 
required in some cases, so that the aerial survey flight 
pattern will complement the radiation zmonitoring and 
soil sample program established at the facility.  

For large facilities where detailed, low-altitude data 
are required, 40 Nal detectors are usually flown on a 
large helicopter such as the BO-105 or on military 
helicopters such as the UH-IN or SH-3. For smaller 
areas the H-500 has proved to be an excellent vehicle, 
as indicated under the heading Radiological Sensors.  

One very interesting application of the radiation 
survey techniques should be mentioned. Since 1969, 
AMS has cooperated with the National Weather Service 
in a research and development program. Airborne 
radiological measurements are used to determine the 
attenuation of terrestrial gamma rays caused by snow 
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accumulated on the ground: these data can be used to 
calculate the water equivalent of the snow cover. The 
Twin Bonanza is flown over carefully identified survey 
lines before and after the snow has accumulated.  
Background counts due to (I) radon gas in the air, (2) 
cosmic rays, and (3) detector and aircraft sources are 
subtracted in each case. The difference in the net count 
rates reflects the attenuation by the snow. Calibration 
against traditional methods has demonstrated that this 
system can determine the water equivalence of snow to 
an accuracy of :t± cm. This technique can be the heart 
of an important flood safety alert in heavy snow years.  

The AMS has frequently been called on to locate 
lost radioactive materials. In 1968, a 330-mCi 60 Co 
source was lost in interstate shipment between Salt 
Lake City and Kansas City.6 An AMS aircraft was 
dispatched to look for the source along a 1930-km 
stretch of highway. In 2 days the source was recovered.  
A more difficult search occurred in 1970 when a U. S.  
Air Force Athena missile, with an 800-mCi "Co 
source aboard, accidently strayed 650 km into 
Mexico.7 Radar tracking provided a 5- by 15-km 
footprint Ifor the target area. Over 50 military person
nel had combed the area for 3 weeks when AMS was 
requested to support the search. With a single 2/ 2-hr 
search, the source was located.  

Routine aerial surveys of the Nuclear Fuel Service 
reprocessing facility at West Valley, N.Y., triggered 
extensive supplementary effort on the ground.8 In-.  
creasing levels of off-site radionuclide deposition were 
discovered. Survey data showed, for example, 131Cs 

buildup of as much as 30% per year at locations as 
much as 2 to 8 km off site in the plant watershed.  

Over the years, aerial surveys of all the major DOE 
nuclear facilities and operating nuclear power plants 
have repeatedly identified potential problems that the 
site personnel had missed through existing monitoring 
programs. Those surveyed include such highly con
trolled areas as the Savannah River Plant,9 Hanford 
Reservation,' 0 Oak Ridge facilities,"' Idaho National 
Engineering' Laboratory,1 2 Nevada Test Site,' 3 and 
Rocky Flats Plant."4 

The most dramatic application of AIS resources 
occurs when a radiological emergency requires deploy
ment of NEST. This occurred most recently in the 
early months of 1978 when NEST was sent to the 
Northwest Territories of Canada. The AMS and groups 
from other agencies assisted the Canadian Combined 
Forces in the location and recovery of hundreds of 
fragments of Cosmos 954, a nuclear-powered Russian 
satellite which reentered the atmosphere and disinte
grated over Canada on Jan. 24, 1978 (Ref. 15).
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APPLICATIONS OF PHOTO-OPTICAL 
REMOTE-SENSING CAPABI LITIES 

The photo-optical remote-sensing capabilities of 

the AMS are a more recent development, providing a 

comprehensive site survey to those responsible for 

assessing and planning health protection and safety at 

specialized sites.  

Aerial photography with precisely engineered 

modern cpmeras, such as the Wild.Heerbrugg RC-lO, 

has proved to be invaluable, especially for radiological 

surveys. For many recent survey sites, the available 

USGS maps were inadequate because of dramatic 
changes in land use. For some areas the only maps 

available are 50 to 75 years old. When AMS surveyed 

the Idaho National Engineering Laboratory in 1974, 

ibost of the site had never been mapped by the USGS.  

In September 1978, AMS completed aerial photog

raphy of the Northern Marshall Islands in the mid

Pacific. Included were perhaps 350 to 400 islands, 

most of them in atolls such as Bikini and its neighbors 

which may have been contaminated by bomb testing in 

the forties and fifties. The most recent marine charts of 

these areas were prepared during World War II. Some 

of the islands have disappeared and others have 

drastically changed because of natural wind and wave 

action. With these new aerial photographs as base 

maps, AMS conducted a 3-month radiological survey of 

the entire Northern Marshall Islands at 30-m altitude 

using the large detector array discussed under the 

heading Radiological Sensors.  

For nearly all radiation surveys, AMS obtains aerial 

photographs, at several altitudes, of each site a few 

days before the survey team arrives. Prints are rectified 

-in the AMS photo laboratory, if possible, by matching 

the negative with maps prepared with traditional civil 

survey techniques. These prints are used by the project 

scientist to lay out all survey lines. Often the assistance 

of site personnel is sought to ensure complete coverage.  

This planning map is used in the aircraft so that correct 

flight line numbers can be assigned to "mag-tape" 

records in the mission log. Finally, rectified prints are 

used as a base map in preparing the report: radiation 

isopleth contours are drawn directly on the print, as 

shown in Fig. 5. Data interpretation is vastly improved 

by the marriage of these two remote-sensing disci
plines.  

The AMS personnel have also found that multi

spectral photography and scanner imagery provide a 

wealth of complementary data which often reveal 

unforeseen health and safety risks. These sensors

provide an important contribution to the following 
study areas: 

Ecological Systems 
Detection of the effects of drift from cooling 

towers, ponds, etc.  
Detection of the effects of spills.  
Biom~ass inventory.  
Habitat mapping.  
Detection of stress effects on plants.  

Population census of large animals.  

Water Quality 
Measurement of thermal plumes, in the water 

system.  

Mapping of changes in size and location of wet 

areas.  
Detection of leakage effects from production and 

reinjection pipes.  
Detection of effects from water-table changes.  

Mapping surface spills.  

Subsidence and Seismicity 
Detection and mapping of changes in shorelines.  

Detection of effects of drainage tile damage.  

Detection of the effects of changed hydrology.  

Mapping the location of fault escarpments, ancient 

shorelines, and stream beds.  

Air Quality 
Measurement of vertical and horizontal profiles of 

particulates and gases, such as 03, NO,, and 

SOX.  

Overt Health Effects 

Detection of toxic plumes or other effluent streams 

by sampling, photography, or use of the scanner.  

Socioeconomic Factors 
Determination of full land-use relations.  

Measurement of population distribution.  
Cataloging of new construction.  

Integrated A ssessm ent 
Baseline documentation.  
Information transfer.  

Photo-optical survey capability has been steadily 

improved over the years. The AMIS conducts surveys of 

DOE facilities to measure any effects which might have 

an impact on the surrounding environment.  

The Daedalus scanner is useful for characterizing 

the total land mass according to basic land-use criteria.  

The first AMS application of this system was at the 

Idaho National Engiheering Laboratory where 
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thermal-emis'sion data were recorded to quantitatively 
reveal the heat loss from laboratory facilities. These 
data were then used to remedy unnecessary heat loss.  

A scanner has also been used over the Salton Sea 
area of Southern California, as part of the Imperial 
Valley Environmental Project.-6 It has been proposed 
that the vast geothermal water resources there be 
tapped for commercial generation of electricity. The 
scanner was flown to determine the long-term and 
short-term environmental effects of heat and salt on 
the ecology of the area, which is dominated now by 
heavy agricultural usage. Multispectral photography, 
performed in conjunction with the scanner imagery, 
showed that land surrounding a, new geothermal test 
well suffered crop damage shortly after operations 
commenced. One farmer was already preparing litiga
tion for damages. The government promptly agreed to 
settle out of court because of the AMS data.  

During another mission, scanner data near the 
Rocky Flats Plant revealed potential leaks and seepage 
from settling ponds."' 

The AMS has also completed several multispectral 
scanning missions over DOE's Laramie Energy Re
search Center pilot projects in Wyoming, Colorado, and 
Utah. Coal gasification and extraction of oil from shale 
are test processes at these sites. Scanner data are used 
to monitor the effects of conversion processes. The 
results will be an important part of the environmental 
impact statements required by both state and federal 
governments.  

Since the continued strength and vigor of the 
energy development programs in the United States 
require prompt, intelligent application of environ
mental controls, the future of the AMS program 
appears certain. New energy sources have been tapped 
in major programs in the past few years, and no source 
of energy is free, i.e., free of potentially serious 
environmental impact. The AMS has broadened its 
scope and its technology to meet our burgeoning 
demands for energy.  

However, the wealth of data provided by AMS 
remote-sensing systems must be used effectively. For 
the past 2 years, AMS has been developing a graphic 
overview system for all DOE facilities. The presenta
tion format is uniform to facilitate intercomparison.  
For each facility, detailed aerial photographs of the site 
are used as base maps. All environmental data are 
presented at the same scale on transparent overlays.  
Hence the viewer can quickly observe many interactive 
factors such as prevailing winds, watershed drainage, 
and waste burial sites. Subsequent survey results are 
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plotted to the same scale so that, by overlapping 
transparencies, the viewer can graphically observe the 
trend of changes between surveys.  

This graphic overview system can accommodate all 
the requirements of the U. S. Environmental Protec
tion Agency Environmental Impact Statement. For this 
purpose the environmental overlays are supplemented 
by transparencies showing population, land use, 
demographic data, and even social information. The 
overview method thus provides DOE management with 
an effective tool for highlighting major environmental 
problem areas. It gives focus to the effort required to 
correct the deficiencies in any control program.  

CONCLUSION 

The AMS program is a multipurpose nuclear safety 
and environmental monitoring resource. It provides 
aerial' photography, multispectral scanning, air 
sampling, radiation measurements, and other environ
mental data for licensed and government facilities. The 
AMS provides routine professional environmental 
monitoring and many of the imperative requirements 
for response to a nuclear threat or emergency. Most 
recently, in Operation Morning Light (a joint effort by 
the United States and Canada to recover the Russian 
nuclear satellite Cosmos 954), AMS assisted the nuclear 
community in its responsibility to protect the health 
and safety of threatened populations. Continuous 
research is conducted in the detection and analysis of 
gamma and neutron signatures; hence AM1S is making a 
strong contribution to nuclear safety in the United 
States.  

REFERENCES 

1. Energy Research and Development Administration, A 
National Plan for Energy Research. Development and 
Demonstration: Oeaning Energy, Choices for the Future.  
Vol. 2: Program Implementation, ERDA Report ERDA
48(Vol. 2), pp. 114-117, GPO, 197S.  

2. F. J. Davis and P. W. Reinhardt, Instrumentation in 
Aircraft for Radiation Measurements, Nucl. ScL Eng., 2: 
713-727 (1957).  

3. G. M. Dunning and 1. A. Hilcken (Eds.), The Shorter-Term 
Biological Ha:ards of a Fallout Field. proceedings of a 
symposium held Dec. 12-14. 1958, in Washington, D. C., 
U. S. Atomic Energy Commission and U. S. Department of 
Defense, GPO, 1958.  

4. R. F. Merian. J. G. Lackey, and J. E. Hand, Aerial 
Radiological Monitoring System: 1. Theoretical Analsis.  
Design, and Operation of a Revised Sysrtem, USAEC 
Report CEX-59-4, Part 1, Edgerton, Germeshausen & 
Grier, Inc., Santa Barbara, Calif., NTIS. July 27, 1960.

11"



GENERAL SAFETY CONSIDERATIONS

5.P. K. Doyns, The Aerial Radiological Measuring System 
(ARMS): Systemst Procedures, and Senutiviry (1976).  
ERDA Report EGG-1183-1691, EG&G, Inc., Las Vegas, 
Nev., July 1976 (limited distribution).  

6. V. F. Weisnman and J. E. Hand, ARMS Aircraft Recovery 
of Lost Cobalt.60 Source, USAEC Report EGG-1183
1395, EG&G, Inc., Las Vegas, Nev., NTIS, July 23, 1968.  

7. J. F. Doyle and Z. G. Burson, Locating the Lost Athena 
Rocket in Mexico by 4RMS and Subsequent Sooj 4nalysis, 
USAEC Repoit EGG-I183-1508, EG&G, Inc., Las Vegas, 
Nev., NTIS, Fi.*ed 3, 1971.  

8. G. E. Barasih and R. H. Beers, Aerial Radiological 
Measuring Surreys of the Nuclear Fuel Services Plant, West 
Valley, New York, 1968 and 1969, USAEC Report 
EGG-1183-22J5 (CARMS-68.6.9), EG&G. Inc., Santa 
Barbara, Calif.I NTIS, April 1971.  

9. P. K. Boyns. erial Radiological Survey of the Savannah 
River Plant ( iken, South Carolina), Date of Survey: 2 
through 25 Jqne 1974, ERDA Report EGG-1183-1665, 
EG&G, Inc., Las Vegas, Nev., NTIS, May 15, 1975.  

10. W. J. Tipton, An Aerial Radiological Survey of the U. S 
Energy Research and Development Administration's Han.  
ford Reservation (Survey Period: 1973-1974), ERDA 
Report EGG-1l83-1661, EG&G, Inc., Las Vegas, Nev., 
Apr. 15, 1975 dimited distribution).  

11. Z. G. Burson, Aerial Radiological Surveys of ERDA's Oak 
Ridge Facilities and Vicinity (Survey Period: 1973-1974), 
ERDA Report "EGG-1183-1682. EG&G, Inc., Las Vegas, 
Nev., Feb. 15, 1,76 (limited distribution).

12. J. E. Jobst, An Aerial Radiological Survey of the Idaho 
National Engineering Laboratory (Idaho Falls. Idahol: Date 
of Survey: 15 August to 11 September 1974. ERDA 
Report EGG-1183-1681, EG&G, Inc., Las Vegas, Nev., 
November 1976.  

13. P. K. Boyns and T. P. Stuart, Radiological Survey of the 
Nevada Test Site (Survey Period: 1970-1971). USAEC 
Report EGG-1183-1SS2, EG&G, Inc., Las Vegas, Nev., 
NTIS, Aug. 1, 1972.  

14. P. K. Boyns, T. P. Stuart, and C. N. Nielsen, .1adiological 
Survey of the Area Surrounding the Rocky Flats Plant, 
Golden, Colorado, 3 A 4 May and 6 October 1972, USAEC 
Report EGG-1183-1641, EG&G, Inc., Las Vegas, Nev., 
NTIS, Sept. 30, 1974.  

15. U. S. Department of Energy, Las Vegas,- Nev., Operation 
Morning Light: Canadian Northwest Territories- 1978. A 
Non-Technical Summary of U. S. Participation, Report 
NV-198, September 1978.  

16. EG&G, Inc., Las Vegas, Nev., Imperial Valley Environ
mental Project Quarterly Data Report (Draft), Chap. 7: 
Catalogue of Airborne Remotely Sensed Data, Apr. 12, 
1977.  

17. J. G. Lackey, E. B. Jones, and H. A. Wollenberg, Summary 
of Non.Nuclear Remote Sensing at Rocky Flats Site and 
Status of Analysis of Geological and Hydrological Indica
tors-July 1975 Through December 1975, Technical 
Memorandum ASD-76-001, EG&G. Las Vegas, Nev., 
Mar. 19, 1976.

SYMPOSIUM ON SAFEGUARDS AND NUCLEAR MATERIALS MANAGEMENT 

Brusels, Belgium. Apr. 25-26, 1979 

The European Safeguards Research and Development Association (ESRDA) is sponsoring this first of a 
projected annual series on Safeguards and Nuclear Materials Management. TheJoint Research Center of the 
Commission of the European Communities is organizing the symposium to be held in the Ravenstein 
Congress Hall, Brussels, Belgium, Apr. 25-26, 1979. The purpose of the meeting is to stimulate discussion 
about safeguards implementation problems in the European Communities between nuclear plant operators, 
safeguards authorities, and research organizations. Nuclear plant operators, safeguards authorities, and 
research organizations of all countries will present papers on the following subjects: 

-Safeguards concepts and regulations.  
-System analysis.  
-Nondestructive assay methods and instruments.  
-Destructive analysis.  
-Physical standards (reference materials) and normalization samples.  
-Interlaboratory tests.  
-Containment and surveillance.  
-Data recording, processing, and reporting in nuclear installations.  
-- Isotopic correlations.  
-Statistical methods for nuclear safeguards.  

Papers must be written in Danish, Dutch, English, French, German. or Italian. and an abstract in 
English should also be provided. Simultaneous translation will be organized at the symposium.  

For additional information, write to one of the following members of the scientific secretariat of the 
symposium: A. S. Adamson. NMACT, AERE HARWELL, Didcot OXON; OXI 1ORA, England: C. Beets.  
CENISCK, B-2400 Mol/Donk, Belgium; or L. Stanchi, JRC, 21020 Ispra (Varese) Italy.  
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AN AERIAL RADIOLOGICAL SURVEY OF 

WAYNE TOWNSHIP, NEW JERSEY 

AND SURROUNDING AREA 
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1.0 SUMMARY OF RESULTS 

An aerial radiological measuring system was used to survey the area 

surrounding the former W. R. Grace property located in Wayne Township, New 

Jersey, during the month of September 1982. This site formerly contained a 

facility to extract rare earths and thorium from monzanite sands. The survey 

was conducted for the U.S. Department of Energy's (DOE) Office of Operational 

Safety by the Department's Remote Sensing Laboratory, operated for the DOE by 

the Energy Measurements Group of EG&G.  

The highest radiation exposure rates were measured over the site. Average 

radiation levels of 30 to 60 microroentgens per hour (pR/h), normalized to 

3 feet above the ground, were inferred from the aerial data. Elevated radiation 

levels ranging from 20 to 30 gR/h were also observed over a stream (Sheffield 

Brook) extending approximately 1/2 mile west of the site as well as over the 

quarry area located to the west of Pompton Lakes. The source of the elevated 

activity in each case was thorium.  

Natural background radiation exposure rates measured by the airborne 

system within the survey area typically ranged from 6 to 10 tLR/h with an 

average value of approximately 8 pR/h.
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2.0 INTRODUCTION 

An aerial radiological survey was flown over a 5½-mile by 10-mile 

area surrounding the former W. R. Grace property located in Wayne 

Township, New Jersey. This survey was conducted for the Department of 

Energy's (DOE) Office of-Operational Safety (OOS) by the Energy Measure

ments Group of EG&G. The OOS conducts radiological surveys at sites and 

facilities where nuclear operations were formerly conducted for the 

government.  

An MBB BO-105 helicopter, equipped with aerial radiological detection 

systems, was used for the survey. The helicopter altitude above ground 

level was 300 feet with 300-foot line spacings. A previous survey 

covering an area of 3 miles by 4 miles surrounding this site was flown 

in May 1981 utilizing this system.' The purpose of the present survey 

was to expand the coverage to include all of Wayne Township.  

Aerial radiological detection systems average the radiation levels 

produced by gamma-emitting radionuclides existing over an area of several 

acres. These detection systems are capable of determining specific 

radionuclides causing radiological anomalies. However, because of 

averaging, airborne systems, as compared to ground-based measurements, 

tend to underestimate the magnitude of localized sources. Details of 

the systems and procedures employed in obtaining and processing aerial 

radiation data are presented in References 2 and 3.  

In aerial radiological surveys, the gamma-ray energies, source 

concentrations, and relative distribution are measured by specialized 

instrumentation. The results are reported as radiation exposure rates
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in PR/h at 3 feet above the ground. The maximum annual radiation dose 

that could be absorbed through continuous exposure (24 hours a day for 

365 days to a constant exposure rate), expressed in millirem per year 

(mrem/y) is approximated by multiplying the exposure rate in micro

roentgen per hour (pR/h) by 8.76*. These results apply to external 

radiation only-and do not account for inhalation or ingestion of radio

active materials. The actual amount of radiation absorbed depends on 

the duration and circumstances of exposure.  

3.0 BACKGROUND RADIATION 

Background gamma radiation originates from naturally occurring 

radioactive elements present in the earth (terrestrial radiation) and 

cosmic rays entering the earth's atmosphere from space. The terrestrial 

gamma rays originate primarily from the uranium decay chain, the thorium 

decay chain, and radioactive potassium. Variable concentrations of 

these nuclides produce estimated annual radiation doses ranging from 15 

to 140 mrem/y (1.7-16 4R/h) at the surface of the earth in the United 

States. The higher background radiation dose levels (up to 140 mrem/y) 

are typically found in the western states, primarily in the Colorado 

Plateau area, and are a result of high uranium and thorium concentrations 

in surface minerals and increased cosmic radiation because of higher elevation.  

The uranium decay chain includes radium-226 and its daughter, 

radon, which is a noble gas, i.e., it will not combine chemically with 

other elements. The radionuclide radon can both diffuse through the 

* x 24 h x 365 day x mrem mrem (using the approximate 

h dRay y 1000 mrmy (conversion from g.R to mremj
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soil and move through the air to other locations. Thus, the level of 

radiation contributed by this noble gas depends upon the meteorological 

conditions, mineral and moisture content and permeability of the soil, 

and other physical conditions existing at each location at any par

ticular time. Airborne radon typically contributes from I to 10 percent 

of the natural background radiation levels.  

Cosmic rays, the space component of the natural radiological 

background, interact in a complex manner with the elements of the earth's 

atmosphere and soil. These cosmic ray interactions produce additional 

background radiation dose rates which vary slightly with latitude and 

directly with altitude, increasing from 26 mrem/y (3 pR/h) at sea level 

in Florida to 107 mrem/y (12 iiR/h) at 10,000 feet above sea level at 

some locations in Colorado. The cosmic ray dose rate in Denver, Colorado 

(I mile above sea level), contributes about 50 mrem/y to the total back

ground dose rate of about 125 mrem/y.  

The aerial survey results include the terrestrial gamma radiation 

measured throughout the surveyed area and an estimated cosmic ray ex

posure rate, but the results do not include the contribution from 

airborne radon.  

4.0 SURVEY BOUNDARIES 

This survey covered an area of approximately 55 square miles 

including all of Wayne Township, New Jersey. The boundaries of the 

survey are shown in Figure 1.  

5.0 SURVEY RESULTS 

The results of this aerial survey are presented in Figure 1 as 

closed contour curves of total radiation exposure rates (isoradiation 

contours) overlaid on an aerial photograph of Wayne Township, New Jersey.
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The results are reported in units of p.R/h at 3 feet above ground and 

include a cosmic ray contribution estimated at 3.7 gR/h.  

The highest radiation exposure rates were measured over the site.  

Average radiation levels ranging from 30 to 60 iiR/h were inferred from 

the aerial data. Elevated radiation levels ranging from 20 to 30 IiR/h 

were also observed over a stream (Sheffield Brook) extending approxi

mately 1/2 mile west of the site and over the quarry area located to the 

west of Pompton Lakes.  

A special data processing technique (details of which are given in 

References 2 and 3) was used to help identify areas containing thorium 

concentrations greater than that present in typical background soils.  

The results of this special analysis are also shown in Figure 1. The 

green area includes the site and the stream west of the site. The other 

areas, shown in yellow, appear to be the result of natural anomalies.  

Elevated exposure rates were associated with the excess thorium over the 

site, over the stream, and over the quarries north of the site. The 

other areas did not show elevated exposure rates, and appear to be due 

to slight perturbations in the relative amount of thorium within these 

areas compared to the rest of the survey area.  

A similar technique was used to Search for possible areas contain

ing excess radium-226, normally associated with uranium ore and tailings.  

No positive indications were observed.  

Natural background radiation exposure rates within the survey area 

typically ranged from 6 to 10 .R/h with an average value for Wayne 

Township of approximately 8 gR/h.
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6.0 COMPARISON WITH PREVIOUS SURVEYS 

The results of the September 1982 survey compare quite well with 

the results of the May 1981 aerial survey except directly over the site 

and along the stream west of the site. The previous survey inferred ex

posure rate levels greater than 120 iiR/h over the site and maximum levels 

between 60 and 120 4R/h along the stream. The present survey indicated 

"levels between 30 and 60 0R/h over the site and between 20 and 30 pR/h 

along the stream. These differences result from the different survey alti

tudes flown in the two surveys (150 feet in 1981 versus 300 feet in 1982), 

and indicate that the source of the activity within the site and along the 

stream is highly localized. At the higher survey altitude the airborne system 

averages over a larger area and will infer a lower exposure rate for a localized 

source. Due to terrain limitations it was not possible to fly the large area 

survey lower than 300 feet.  

A ground-based radiological survey was conducted April 26 to May I, 

1982 along the stream west of the site by the Radiological Site Assessment 

Program of Oak Ridge Associated Universities (ORAU), Oak Ridge, Tennessee.  

This survey indicated the presence of thorium contaminated soil and sediment 

along the stream. The survey findings also showed that the thorium con

tamination was generally limited to a narrow strip, approximately 30 feet 

maximum, on either side of the stream. Elevated radium-226 was also detected 

but at levels much lower (5 to 10%) than the thorium concentrations. Exposure 

rate levels measured 3 feet above ground were highly variable, ranging from 

8 to 269 4R/h, with an average value along the stream of 50 4R/h. These 

results are consistent with those obtained from the aerial data after taking 

into consideration the. large area averaging property of the airborne system.
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RESULTS OF THE MOBILE GAMMA SCANNING ACTIVITIES 4T 
WAYNE, NEW JERSEY, AND SURROUNDING COMMUNITIES 

INTRODUCTION 

The former W. R. Grace property, located at 868 Black Oak Ridge 
Road in Wayne, New Jersey, hts!been the focus of several investigations 
over the past several years. The site, presently occupied by 
Electro-Nucleonics, Inc., is known to have thorium residues and contam
inated debris buried onsite. Samples of soil and stream sediment from 
along Sheffield Brook between the site and its confluence with the Pomp
ton RiIer have also been found to contain elevated thorium concentra
tions.  

At the request of the Department of Energy's (DOE) Office of Opera
tional Safety (OOS), the Energy Measurements Group of EGIG conducted an 
aerial radiological su3vey over all of Wayne Township and surrounding 
areas in October 1982. Results of this survey indicated elevated expo
sure rates associated with excess thorium over the W. R. Grace site, 
Sheffield Brook west of the site, and over quarries located approxi
mately three miles northwest of the W. R. Grace site. Several other 
areas were recognized by the aerial survey which showed excess thorium 
concentrations with no associated elevated radiation exposure rates and 
appear to be due to slight perturbations in the relative amount of tho
rium within these areas compared to the rest of the survey area.  

In order to further define the excess thorium anomalies found on 
the EGIG aerial survey, a mobile gamma scanning survey was conducted by 
personnel from Oak Ridge National Laboratory (ORNL) during the period of 
November 11-13, 1982. This report summarizes the results of the mobile 
survey.  

SURVEY METHODS 

The following is a brief description of the scanning methods util
ized for the mobile scanning of the Wayne, New Jersey, area. Details of 
the system description and operation have been provided in Reference 4.  

Instrumentation 

The gamma radiation detection system employed in the ORNL scanning 
van consists of three 4 x 4 x 16-in. NaI(Tl) log crystals housed in a 
lead-shielded steel frame to provide a 12 x 16-in. detector surface area 
for acceptance of gamma radiation through one side of the survey van.  
The detector and shield height can be varied with a hydraulic lift 
mechanism to optimize the detector field-of-view. The detector output 

* The survey was performed by members of the Remedial Action Survey 

and Certification Activities Group of the Health and Safety Research 
Division at Oak Ridge National Laboratory under DOE contract 
W-7405-eng-26.
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is transferred to a computer-controlled, eight-channel discriminator and 
interface, which provides for continuous analysis of data inputs for 
correlation of system location with count rate informatlg. Six 
separate energy regions-of-interest are analyzed and a Ra-specific 
algorithm is employed to identify locations containing residual radium
bearing materials. Changes in the multichannel analysis capabilities of 
the system were made for additional qualitative thorium identification 
prior to conducting the survey in the Wayne area.  

Mobile Scanning Methods 

The data analysis method employed on the ORNL van is based on com
putations involving background count rates in specific energy regions.  
These background levels are normally obtained within small (10 square 
block) survey areas, based on coverage of at least 75% of the accessible 
streets in that area. Scanning of these areas are conducted at a slow 
speed (<5 mph), which maximizes response of the detectors at anomalous 
subject properties. Anomaly locations are highlighted by the computer 
system when the preset hit criteria are exceeded during the scan.  

SURVEY RESULTS 

Scope of Activities.  

The purpose of this survey was primarily to verify the excess tho
rium anomalies found on the EGfG aerial survey. Areas with indicated 
anomalous thorium and several background areas to further characterize 
the survey area were scanned.  

Scan Results 

As the basis for analysis of the mobile scan data, background radi

ation levels were measured in eight areas in the Wayne Township and sur
rounding communities. Count rates in the regions of interest were found 
to vary between these areas. To illustrate this variability, the values 
for three background radiation levels are given as follows: 

Background 1 Background 2 Background 3 

Average total Ra Count rate (cps) 217 + 15 245 + 16 565 + 24 

Average Th count rate (cps) 16 + 4 29 + 5 78 + 9 

Average K count rate (cps) 82 + 9 116 + 11 224 + 15 

Average Ra/Th ratio 13 + 3 8 + 1 7 ± 1 

This range indicates that the background levels in the Wayne area show 
considerable variation. The observed variations are a direct result of 
the geologic setting found in the Wayne area. Three major bedrock types 
are represented within the survey area (Fig. 1).
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Background 1 represents areas underlain by Triassic5 Age [approxi
mately 200 million years before present (mybp)] basalts. Basalt is an 
extrusive (volcanic) rock composed primarily of calcic plagioclase 
feldspar, pyroxene, and olivine. The relatively large atomic radii of 
the naturally-occurring radionuclides U(Ra), Th. and K tends7to exclude 
them from the composition of the minerals present in basalt. Packanack 
Mountain and Second Watchung Mountain are two roughly north-south trend
ing ridges composed of basalt within the survey area.  

Background 2 represents the typical radiation levels found in areas 
underlain by Triassic Age (-200 mybp) sedimentary rocks. These rocks 
are shales and sandstones Phich underlie the lowlands between the basalt 
ridges in the survey area. Considering the more hetrogeneous composi
tion of the sedimentary rocks when compared to basalt, the obsIrved 
increase in the background radiation levels is to be expected.  

Both the Triassic basalts and sedimentary rocks are within the 
Triassic Lowlands of the Piedmont Physiographic Province. Northwest of 
Pompton Lakes, rocks of the New Jersey Highlands section of the New Eng
land Physiographic Province are present. The Highlands are underlain 
by granites and granitic gneisses of Precambrian (>800 mybp) age. Gran
itic magmas are enriched in potassium, silicon, and aluminum, and cool 
very slowly. During the late stages of the cooling process, potassium 
feldspar crystallizes out of the magma, leaving the leftovers, the trace 
element ruite, to form minor minerals which often contain thorium and 
uranium.  

Background 3 was taken at a granite quarry and reflects the higher 
concentrations of naturally-occurring radionuclides in the granitic 
rocks of the New Yersey Highlands.  

SIGNIFICANCE OF FINDINGS 

Based on the results of the ORNL scanning activities, 20 properties 
or areas in the Wayne Township and surrounding area were found to con
tain excess thorium anomalies above the background levels for their 
respective areas. Three properties are recommended for future 
comprehensive onsite surveys because of their proximity to previously
surveyed (Reference 1) areas related to the former W. R. Grace property, 
or because no natural cause for the observed anomaly was observed 
(Table 1). Four properties with observed excess thorium anomalies have 
already been surveyed (Table 2).  

The remaining 13 locations are the New Jersey Highlands' "granite" 
quarries, or areas where there was probable use of the "granite" as 
roadbase or in asphalt (Table 3). Since these properties are probably 
unrelated to the W. R. Grace property, they are not recommended for 
comprehensive onsite surveys by DOE contractors.
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Fig. 1. Continued

Explanation for Geologic Map of New Jersey with unit codes for rocks 
found in" the Wayne, New Jersey, survey area.  

SEDNIENTARY ROCKS 

Cenozoic 
Quaternary- Recent deposits of the last 10,000 years are chiefly beach sands forming Sandy 

Hook and the offshore bars. Pleistocene or ice age starting 1,000,000 years ago. Widespread 
thin deposits of till and outwash covering older formations are not shown on this map.  
Mineral production-peat moss, sand, and gravel.  

Texrtary--Starting 70,000,000 years ago. Unconsolidated sands, gravels, and clays. Forms 
the outer Coastal Plain. M1arked by three different periods of invasion -by sea, separated by erosional periods of dry land. MIineral production-brick and terracotta clays; glass sands; 
ilmenite (titanium ore).  

Mesozoic 
Cretaceous-Starting 125,000,000 years ago. Unconsolidated sands, clays, and greensand marls 

Forms the inner Coastal Plain. Appalachian Province uplifted and coast depressed; fast moving rivers deposited sediments in marine environment- Mineral productionr-fireclay, 
brick clay, greensand marls.  

Triassic-Starting 200,000,000 years ago. Shales, argillites, sandstone, and some conglomerates.  
Forms Piedmont Plain. Appalachian Mts. uplifted and long thin depressed basins formed 
between ridges; fast moving rivers deposited sediments in these basins. Mineral production
Stockton sandstone (brownstone) for building stone; negligible amounts of copper found 
in some shales.  

Paleozoic 
Devonian-Starting 330,000,000 years ago. Sediments occur in two areas, 1) fossiliferous, 

calcareous shales and limestones in Appalachian Plateau, 2) sandy shales, sandstones, and 
conglomerates in valley south of Greenwood Lake in Highlands. No significant mineral 
production.  

Silurian- Starting 360,000,000 years ago. Coarse conglomerates, sandstone, shale and, lime
stone. Occur to the southeast of Devonian sediments. From early Devonian, when sea 
receded to early Upper Silurian, N.J. was dry land.In late Silurian, the sea receded for a very 
short period and then re-invaded land. No significant mineral production.  

Ordovician- Starting 420,000,000 years ago. Limestone, shales, and. slates. Found in the 
Highlands and Appalachian Plateau. Three different invasions of land by sea, with 
erosional periods of dry land in between. Mineral production-cement rock and slate.  

Cambrian--Starting 500,000,000 years ago. Quartzite followed by limestone. Found in the 
Highlands and 'Appalachian Plateau. During first and last p.rts of Cambrian time N.J.  
was covered by seas, while in Middle Cambrian time it was dry land 

Precambrian-Franklin limestone -more than 500,000,000 years old. Typically a white 
crystalline limestone. Found in a narrow belt and a few isolated masses in the Highlands.  
Mineral production-zinc deposits at Franklin and Ogdensburg; limestone for flux and 
cement rock.  

IGNEOUS ROCKS 
Tria.zsic--Diabase and Basalt-The same basic rock formed from cooling molten material.  Differ in texture. Diahase is coar-e grained due to slow cooling beneath the surface while 

ba.salt is fine grained due to quick cooling of lava at the surface. Diabase forms the Palisades 
and its extensions to the south in the Princeton area. Basalt forms the Watchung 'ts. and 
the two small masses at New Germantown and Sand Brook. Diabase and basalt are 
extensively quarried for concrete, road metal, and railroad ballast.  

Precamb•i-an--Gneiss and Granite. Granite is a coarse grained igneous rock characterized by predominant alkali feldspar and quartz. Gne---s is a crystalline rock with a secondary rough 
foliation developed as a result of pressure on the solidified rock; bands or lenses in gneizes 7 are commonly unlike. Metamorphic rocks are included in this zone, some of them having been derived from sediments. These rocks form "The Highlands of New Jersey". MNineral 
production- magnetjLe (iron ore), crushed stone and proipects for uranium. rnonazite, and
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Approximate Scale: 1 inch Z 2600 feet 

Numbers indicate locations of samples 
analyzed by Oak Ridge National Laboratory 
(ORNL). See Table 4 for results.

Areas where onsite radiological surveys 

have been conducted by Oak Ridge Associated 
Universities (OAU).

Fig. 3. Detailed zap of Wayne, New Yersey, and surrounding area.
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Table 1. Listing of Wayne, New Jersey, vicinity properties 
recommended for comprehensive onsite surveys

Property Location

Last house at the east end of 
Peck Avenue, north side of 
street (across from railroad 
tracks), Pompton Plains, New 
Jersey.  

15 Peck Avenue, Pompton Plains, 
New Jersey, last house on East 
end of Peck Avenue, south side 
of street.  

Reinhardt Road, Wayne, New 
Jersey.

Property Description

Residential property.  

Residential property.  

Southwest lawn of Passaic Tech
nical and Vocational School 
property. Approximately 200-m2 

area of landscaped lawn at new 
building construction site (soil 
sample WN16).
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Table 2. Listing of Wayne, New Jersey, vicinity properties which have 
been part of a previous radiological survey (Reference 1)

Property Location

868 Black Oak Ridge Road.  

East end of Peck Avenue, Pompton 
Plains, New Jersey.  

South side of Pompton Plains 
Crossroad, Wayne, New Jersey.  

21 Pompton Plains Crossroad, 
Wayne, New Jersey, southwest of 
W. R. Grace property across from 
Black Oak Ridge Road.

Property Description

Electro-Nucleonics, Inc. (Former 
W. R. Grace property).  

Railroad tracks and abandoned 
earthen loading dock.a 

Vacant land along Sheffield 
Brook.  

American Carving School (asphalt 
parking lot) and within ORAU 
survey area.

aOnsite survey of this area has been completed and a report of 

results is presently in preparation by Oak Ridge Associated Universities 
(ORAU).
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Table 3. Listing of Wayne, New Jersey, vicinity properties where 
excess thorium anomalies were found related to New Jersey Highlands 

granite or use of granites in asphalt or road base material

Property Location

125 Hamburg Turnpike, Riverdale, 
New Jersey.  

West end of Broad Street, 
Pompton Lakes, New Jersey.  

Pierson Miller Lane, Pompton 
Lakes, New Jersey.  

Southeast corner of Pompton 
Plains cross road and New Jersey 
Rt. 23, Pompton Plains, New 
Jersey.  

Longport Road from Haddon Road 
to Black Oak Ridge Road.  

827 Black Oak Ridge Road.  

West end of West Parkway, 
Pequannock, New Jersey.  

West Parkway, Pequannock, New 
Jersey.  

Riverdale Road, Riverdale, New 
Jersey.

Property Description

Riverdale Quarry Company, large 
"granite" quarry and asphalt 
paving contractor, northwest 
most EGOG "quarry anomaly" (sam
ples WNJ1 and WN12).  

Passaic Crushed Stone Co., Inc., 
large "granite" quarry and pav
ing contractor (EGVG "quarry 
anomaly").  

"Granite" outcrops along street 
(northeastern most EG#G anomaly 
area).  

Plains Plaza Shopping Mall, new 
asphalt at main entrance to mall 
off Rt. 23 (soil sample from 
planter at mall entrance WN•5).  

New asphalt on street.  

SFE Printed Circuit Compay (new 
asphalt parking lot).  

Mountainside Park asphalt park
ing lot (sample WNJ4) also a 
background soil sample (WNI3) 
was taken from the area south of 
the asphalt parking lot.  

General Foods Distribution 
Center, large new asphalt park
ing lot on south side of build
ing.  

AVA Concrete Products Co., large 
asphalt parking lot and crushed 
rock "granite" yard area.
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Table 3. Continued

Property Location

11 Lucas Lane, Wayne, New 
Jersey.

7 Lucas Lane.

Northeast corner lot at Kurland 
Street and Ferrara Avenue, Moun
tain View area of Wayne (EG4G 
area west of Rt. 23).  

New Jersey Rt. 23 at U.S. Hwy.  
202, Mountain View, New Jersey.

Property Description

Residential property with new 
asphalt driveway.  

Residential property with new 
asphalt driveway.

Residential property with new 
asphalt driveway on crushed 
"granite" base fill material.  
Area also showed slightly 
depressed Ra/Th ratio, i.e., 
excess thorium, but not over 
statistical "hit" criteria.  

New asphalt used for highway 
resurfacing presently under con
struction.
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Table 4. Results of sample analyses from Wayne, New Jersey, 
and surrounding communities

RadionucI ide Concentrations 
(pCi/g) 

.ample Sample 226 238 232 40 
Lcto Ra U Th o -umber Description

Upper level of 
Riverdale Quarry, 
Riverdale, New 
Jersey.  

Lower level of 
Riverdale Quarry, 
Riverdale, New 
Jersey.  

Mountainside Park, 
Pequannock, New 
Jersey.  

Mountainside Park, 
Pequannock, New 
Jersey.  

Plains Plaza, Pomp
ton Plains, New 
Jersey.  

Passaic County 
Technical and Voca
tional School, 
Reinhardt Road, 
Wayne, New Jersey.

Granitic rock frag
ments insitu.  

Crushed granitic 
rock from aggregate 
stockpile.  

Sandy glacial soil 
from area south of 
parking lot.  

Asphalt from parking 
lot.  

Soil from flower 
planter at Rt. 23 
entrance to shopping 
mall.  

Soil from landscaped 
lawn area on 
southeast side of 
Reinhardt Road at 
the southwestern
most building on the 
school property.

WNJ2 

WNJ 4 

WNJ 5 

WNY6

2.9 

2.6 

0.46 

0.48 

0.53 

4.7

3.4 

3.5 

0.5 

0.53 

0.67 

3.5

8.6 

8.1 

0.8 

3.7 

0.39 

40

38 

34 

16 

30 

6.8 
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