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1.0 INTRODUCTION 3497 
On September 20, 1991, the U.S. Department of Energy 
Environmental Protection Agency (U .S .  EPA) jointly 
Consent Agreement establ i shing milestones for the 
Comprehensive Environmental Response, Compensation 
(CERCLA) rewonse actions at the Fernald Environmental 

(DOE) and the U.S. 
signed an Amended 
i mpl ementat i on of 
and Liability Act 
Management Project 

(FEMP) . '  One such milestone provided that the DOE submit a work plan to 
U.S. EPA by January 23, 1992 addressing Removal Action No. 14, 
Contaminated Soils Adjacent To The Sewage Treatment P1 ant Incinerator. 
After the submittal and U.S. EPA's review, comments were received from 
USEPA on February 28, 1992 which corresponded with a milestone for re- 
submittal by March 30, 1992. On May 20, 1992 the DOE was given a 
conditional approval pending incorporation of EPA's comments. This 
document provides the revised work plan for Removal Action No. 14. The 
objective of the removal action is to mitigate any incremental threat to 
human health and the environment, until final remediation of this area can 
be accomplished. The DOE conducted a Removal Site Evaluation (RSE), 
Appendix I, to determine if conditions present in the soil in the Sewage 
Treatment Plant area warranted a removal action under CERCLA, consistent 
with Section 300.410 of the National Oil and Hazardous Substance Pollution 
Contingency Plan (NCP). Based upon the information in the RSE, the DOE 
issued an Action Memorandum stating that a Removal Action is warranted 
under authorities delegated to the DOE under Section 104 of CERCLA, 
through Executive Order 12580. The proposed removal action is protective 
of human health and the environment and will be conducted in accordance 
with all CERCLA requirements. 

As shown in Figure 1, the Sewage Treatment Plant is located on the eastern 
edge of the FEMP property. The FEMP Sewage Treatment Plant has operated 
from 1952 to the present providing physical and biological treatment of 
FEMP wastewater. Also located at the Sewage Treatment Plant is an 
abandoned-in-place sol id waste incinerator (see Figure 2). The 
incinerator operated from 1954 until 1979 burning combustible wastes 
generated from FEMP administrative and process areas. Process area wastes 
burned at the i nci nerator contained 1 ow 1 eve1 s of radioactive materi a1 s 
and potentially other hazardous substances. 

As summarized in the attached RSE and the attached radiological walkover 
survey (see Appendix 11), which employed a 2"x2" NaI Detector, 
characterization activities completed as part of the FEMP Environmental 
Monitoring Program and the Remedial Investigation/ Feasibility Study 
(RI/FS) identified elevated concentrations of radionuclides in soils in 
the vicinity of the Sewage Treatment Plant. To date, no analysis has been 
completed for the possible presence of non-radiological hazardous 
substances in the soils in the study area. As evidenced by the findings 
of these characterization efforts, the highest activity concentrations of 
radiological 'consti tuents were found on-site in the surface soils adjacent 
to the abandoned incinerator and adjacent to some of the operational 
facilities associated with sewage treatment. There is one exception, a 
locali'zed area adjacent to the FEMP property-line fence (to the southeast 
o f  the Sewage Treatment Plant compound) in a vacant field. 
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This work plan utilizes a three phase approach to execute the removal 
action. Phase I: layout the study area boundary; perform instrument 

established sampl ing grid; perform a radiological walkover survey covering the a correlation; perform off-property surface soil sampl ing 

the entire study area (both on and off property) to highlight localized 
areas exceeding 100 pCi/g total uranium in soil; sample the center of each 
off-property "hot spot"; and excavate and containerize the on-property 
soil with a total uranium concentration exceeding 100 pCi/g. Phase 11: 
sample the containerized soil ; perform post-excavation verification 
sampling within the excavated areas; perform on-property post-excavation 
surface soil sampling activities along the established grid; and complete 
and issue interim report outlining excavation, sampling activities and 
reported analytical results from Phases I and 11. Phase 111: revise the 
existing RSE based on Phase I and I 1  sampling results; and issue a final 
report outlining any further actions warranted in the study area. 

In the absence o f  final remedial action goals, an interim field action 
level of 100 pCi/g has been adopted for purposes o f  directing on-property 
excavation activities to areas of highest radionuclide activity which can 
be readily identified by hand-held radiological instrumentation and 
immediately excavated. 100 pCi/g will also be used for the walkover 
"action level" off-property due to correlation 1 imitations of the hand- 
held radiological instrumentation used. The analytical results from the 
off-property samples, which will be expedited, will provide accurate data 
upon which the need for further action may be examined. While evaluating 
the off-property data, an action level of 35 pCi/g will be used in 
examininq the need for further action. The off-property action level of 
35 pCi/g is being utilized based on previous'clean-up activities at 
Manhole (MH) 180. 

All project activities will be completed in accordance with the 
requirements defined in applicable Westinghouse Environmental Management 
Company of Ohio (WEMCO) procedures, in the NCP, CERCLA, pertinent DOE 
Orders, and the FEMP Quality Assurance Plan. Final remedial actions in 
the vicinity of the Sewage Treatment Plant will be conducted as part of 
Operable Units 3 and 5 (OU3 & OU5). 

1.1 FERNALD SITE BACKGROUND 

The FEMP-is owned by the DOE and was operated from 1952 until 1989 
for the processing of high purity uranium metal. In 1989 facility 
production operations were placed on stand-by to focus on 
environmental compl i ance re1 ated issues. The faci 1 i ty was formally 
shutdown in 1991 after appropriate congressional notifications. 
Today, remaining workforces at the facility are focused solely on 
the implementation of environmental restoration related initiatives. 

The facility is a 1,050-acre parcel located in southwestern Ohio. 
In November, 1989, the FEMP was placed on the CERCLA National 
Priorities List (NPL) as a result of concerns related to past and 
potential releases of hazardous substances to the environment. 
Consistent with Section 120 o f  CERCLA, the DOE and U.S. EPA jointly 
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3497 
signed a Consent Agreement in March, 1990 establishing a schedule 
for the implementation of a sitewide RI/FS and a series of removal 
actions at the FEMP. This agreement was amended in September, 1991. 
This removal action work plan has been completed consistent with the 
terms of this Amended Consent Agreement. 

Since October 1, 1990, responsibility for the FEMP has been 
administered through the Environmental Restoration and Waste 
Management Division of the DOE in order to better manage activities 
on the site. 

1.2 BACKGROUND OF THE SEWAGE TREATMENT PLANT AREA 

As previously discussed, the Sewage Treatment Plant area is located 
on the eastern edge of the FEMP property. The Sewage Treatment 
Plant, associated facilities and the abandoned incinerator are 
contained within a six foot chain link fenced area on FEMP property 
where access is restricted by security officers. The Sewage 
Treatment Plant became operational in 1952 for the treatment of FEMP 
sanitary wastewater. The system was later transitioned to receive 
both sanitary and process re1 ated wastewaters. The practice of 
employing the Sewage Treatment Plant to treat process related 
wastewater flows was discontinued recently with the installation and 
start-up o f  the biodenitrification effluent treatment system. 
Surface radiological measurements and limited soil samples collected 
in the vicinity of these facilities indicate the presence o f  
localized elevated concentrations of radionuclides. 

The solid waste incinerator is’located in the northwest corner of 
the Sewage Treatment Area. This incinerator was operated from 
November 1954 through December 1979 at which time a new solid waste 
incinerator at Building 39 was put into service. The incinerator at 
the Sewage Treatment Plant was used to burn contaminated and 
uncontaminated combustible trash during its period of operation. 
Soil sampling results from the RI/FS indicate that radiological 
concentrations in the soils adjacent to the solid waste incinerator 
exceed those observed in prior routine environmental sampl ing 
conducted in 1984 and 1985 as part of the Environmental Monitoring 
Program. The concentrations of uranium-238 ranged from 1.8 to 

‘25,670 pCi/g, in surface soil sampling results (see RI/FS data 
utilized in the RSE, Appendix I). 

The abandoned solid waste incinerator is located within the fence 
around the Sewage Treatment Plant area, but the majority of the 
radiologically contaminated soil, as evidenced by the available 
data, is located outside the Sewage Treatment Plant’s fenced 
boundary on FEMP property, adjacent to the incinerator. The area 
outside the fence has primarily been used for grazing cattle (under 
a lease agreement with the DOE) .  As a result of the RSE and the 
Action Memorandum, administrative control of some of the surrounding 
areas was established in December, 1990 with the transfer of all 
cattle grazing in the pasture areas directly north of the Sewage 
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Treatment Plant area. In order to allow grazing in areas further 
north in the spring, when they would normally be returned to this 
area, livestock fencing was installed in April of 1991 to preclude 
access to areas adjacent to the incinerator. Based on RI/FS data, 
the new fence was installed approximately 665 feet north of the 
incinerator at the Sewage Treatment Plant. 

The solid waste incinerator at the Sewage Treatment Plant has been 
identified as a suspect facility to be addressed under the RI/FS for 
OU3. The RI/FS for OU3, aimed at investigating the remedial 
alternatives in the Production Area and associated facilities., is 
presently underway. The soils in the vicinity of the structures at 
the Sewage Treatment Plant are within the scope of the RI/FS for 
Operable Unit 5. 

1.3 SUMMARY OF EXISTING DATA 

Both the routine Environmental Monitoring Program (EMP) and the on- 
going RI/FS have shown evidence of localized radiological 
contamination in the vicinity of the Sewage Treatment Plant area. 
Once again, it is important to note that no analyses have been 
completed for the possible presence of non-radiological hazardous 
substances in the soils in the study area. These analyses are part 
of Phases I and I 1  of this removal action. 

The EMP contains data from surface soil sampling locations 3 and 11 
(EMP-SS3 & EMP-SS11) and Air Monitoring Station No. 3 (AMs 3), all 
shown on Figure 1 of the RSE. The RSE includes data from this 
sampling program for the years 1984, 1985, and 1989. Historical air 
sampling data for 1989 from AMS 3, approximately 350 feet downwind 
(northeast) of the incinerator, shows average radiological 
concentrations which lead to an inhalation dose estimate of less 
than one millirem (mrem) per year (see the RSE for further details). 

The on-going RI/FS surface soil samples and sub-surface core samples 
collected in the vicinity of the solid waste incinerator at the 
Sewage Treatment Plant showed considerably higher radiological 
concentrations than previously observed under the EMP. The two 
highest surface soil radiological concentrations, closest to the 
incinerator, showed 25,670 pCi/g and 2,376 pCi/g of uranium-238. 
Figure 1 of the RSE shows sampling locations for the RI/FS data 
utilized for the RSE. The data from these sample points are listed 
in Table 6.1 of the RSE (RI/FS Soil Sample Results). Table 6.2 of 
the RSE includes additional RI/FS data obtained since the Action 
Memorandum was issued. None of this additional data exceeds any of 
the data utilized for the RSE. 

In addition to surface soil samples, there were a limited number of 
core samples taken in this area as part of the RI/FS. These borings 
extended to a depth of 20 feet. The results from these samples are 
listed in Table 4 of the RSE and show only one sample exceeding the 
100 pCi/g field action level at a depth of 1.5 - 3.0 feet. All of 
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3497 
these sample points are within the Sewage Treatment Plant compound. 
There has been some sub-grade disturbance within the compound due to 
sewage treatment plant upgrades and the placing of fill to improve 
drainage. Since there have been little to no known disturbance of 
the soils outside the fenced area at the Sewage Treatment Plant, 
contamination is likely to be limited to surface soils resultant 
from air deposition from incinerator operation. 

Radiological walkover surveys were performed as part of the RI/FS 
using Z"x2" NaI detectors (Eberl ine SPA-3). Appendix I1 is a map 
showing isopleths developed from this data. The normalized SPA-3 
walkover data presented in Appendix 1 1  provides the relative 
indications of "hot spots" exhibiting concentrations of gamma 
emitting radionuclides. All of these areas of higher concentrations 
are on FEMP property with the exception of a localized area adjacent 
to the FEMP property-line fence in a vacant field. The study area 
was established based on radiological walkover survey data (see 
Appendix 111). As a result, the study area, and consequently the 
sampling grid, were developed to encompass all areas of "higher 
concentration". 

1.4 NEED FOR A REMOVAL ACTION 

Utilizing available data, three potential exposure pathways of 
radiological contamination to man were examined in the RSE: external 
exposure, inhalation, and milk ingestion. Other pathways were 
discounted in the RSE due to the relatively short durations of 
potential exposure until final remedial actions are implemented, and 
due to the existing access controls in place in the area. 

Eight factors were considered in the assessment of the need for a 
removal action. These eight factors are listed in 40 CFR 300.415 
(b)(Z). The following factors apply specifically to the above 
background concentrations of contaminants occurring in the soils 
adjacent to the Sewage Treatment Plant area. 

40- CFR 300.415 (b1 (21 (i 1. 

Actual or potenti a1 exposure to nearby human popul ations, animals, 
or the food chain from hazardous substances or pollutants or 
contaminants. 

Appropriate due to nearby resident farmer and nearby grazing cattle. 

40 CFR 300.415 (b)(21(ivZ 

High levels of hazardous substances or pollutants or contaminants in 
soils largely at or near the surface, that may migrate. 

Appropriate based on radiological concentrations found in surface 
soil samples taken adjacent to the solid waste incinerator at the 
Sewage Treatment P1 ant. . 
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40 CFR 300.415 ( b ) ( 2 ) ( v )  

. 

1.5 

Weather cond i t ions  t h a t  may cause hazardous subs t ances  o r  p o l l u t a n t s  
o r  contaminants t o  migra te  o r  be r e l e a s e d .  

Appropriate based on r a d i o l o g i c a l  c o n c e n t r a t i o n s  found i n  s u r f a c e  
s o i l  samples taken ad jacen t  t o  the s o l i d  waste i n c i n e r a t o r  a t  the 
Sewage Treatment P l a n t  and the p o s s i b i l i t y  o f  s i g n i f i c a n t  weather 
events c a r r y i n g  the contaminants ou t  o f  the s tudy  a r e a  i n  s u r f a c e  
runoff  . 
OBJECTIVES OF THE REMOVAL ACTION 

The o b j e c t i v e s  of the removal a c t i o n  a r e  t o  reduce  the p o t e n t i a l  f o r  
contaminant migra t ion  t o  p rev ious ly  uncontaminated a r e a s ,  and 
minimize the p o t e n t i a l  f o r  unacceptable exposures  t o  human o r  
environmental r e c e p t o r s  u n t i l  implementation o f  f i n a l  remedial 
a c t i o n s .  Cons i s t en t  w i t h  the NCP, the removal a c t i o n  s h a l l  
c o n t r i b u t e  t o  the e f f ic ien t  performance o f  p r o j e c t e d  f i n a l  remedial 
a c t i o n s .  The removal a c t i o n  s h a l l  be performed t o  minimize the 
p o t e n t i a l  f o r  r e l e a s e s  of hazardous subs t ances  i n c i d e n t a l  t o  removal 
f i e l d  o p e r a t i o n s  and i n  a c o s t  e f f i c i e n t  and s a f e  manner c o n s i s t e n t  
w i t h  s i t e  Standard Operating Procedures and worker h e a l t h  and s a f e t y  
requi rement s . 

2.0 REMOVAL ACTION 

This removal a c t i o n  i s  composed of three phases.  Phase I :  l a y o u t  the 
study a r e a  boundary; perform instrument c o r r e l a t i o n ;  perform o f f -p rope r ty  
su r face  s o i l  sampling along the e s t a b l i s h e d  sampling g r i d ;  perform a 
r ad io log ica l  walkover survey covering t h e  ent i re  s tudy  a r e a  (both  on and 
off proper ty)  t o  h i g h l i g h t  l o c a l i z e d  a r e a s  exceeding 100 pCi/g t o t a l  
uranium i n  s o i l ;  sample the center o f  each o f f -p rope r ty  "ho t  spo t " ;  and 
excavate and c o n t a i n e r i z e  the s o i l  on-property w i t h  a t o t a l  uranium 
concen t r a t ion  exceeding 100 pCi/g. Phase 11: sample the c o n t a i n e r i z e d  
s o i l ;  perform post-excavation v e r i f i c a t i o n  sampling w i t h i n  the  excavated 
a r e a s ;  perform on-property post-excavation s u r f a c e  s o i l  sampling 
a c t i v i t i e s  along the e s t a b l i s h e d  g r i d ;  and complete and issue i n t e r i m  
r e p o r t  o u t l  i n ing  excavat ion ,  sampling a c t i v i t i e s  and r e p o r t e d  a n a l y t i c a l  
results from Phases I and 11. Phase 111: revise the e x i s t i n g  RSE based on 
Phase I and I 1  sampl ing results; and issue a f i n a l  r e p o r t  o u t l  i n i n g  any 
f u r t h e r  a c t i o n s  warranted i n  the s tudy  a rea .  

Once the s tudy  a r e a  boundary i s  e s t a b l i s h e d ,  the instrument c o r r e l a t i o n  
samples will be taken  on-property,  so t h a t  the a n a l y s i s  will be expedi ted  
and of f -proper ty  s u r f a c e  s o i l  sampling w i l l  be i n i t i a t e d  along the g r i d .  
DOE will ensure t h e  exped i t ious  c o l l e c t i o n  and a n a l y s i s  o f  these samples 
due t o  the p o t e n t i a l  f o r  o f f -p rope r ty  contamination. For uranium an o f f -  
p roper ty  a c t i o n  level of 35 pCi/g will be u t i l i z e d  while e v a l u a t i n g  this 
d a t a .  I t  i s  not  a n t i c i p a t e d  t h a t  thorium o r  radium will be d e t e c t e d ,  
however i f  they  a r e ,  while examining the need for further a c t i o n ,  
appropr i a t e  a c t i o n  1 eve1 s w i  11 be eva lua ted .  
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After the off-property surface soil sampling is complete, a surface 
radiological survey will be performed across the study area (see Appendix 
111), which encompasses areas both-on and off FEMP property to identify 
localized areas exceeding 100 pCi/g total uranium in soil. The 
radiological survey will be performed across the study area utilizing a 
shielded 2"x2" NaI detector. The Sampling and Analysis Plan outlines the 
method for correlating the NaI detector to 100 pCi/g total uranium in 
soil. Areas exceeding 100 pCi/g will be temporarily marked for excavation 
on-property and marked and sampled at the center off-property. The off- 
property "hot spots" wi 1 1  remain marked and undisturbed pending analytical 
results for total U, total Thy and Ra-226 from the on-site lab. 

While it is recognized that detailed chemical data are not available, the 
DOE considers it prudent to proceed with the excavation of "hot spots1' 
based on available radiological data. It is the intent of DOE to excavate 
and containerize soils from these localized "hot-spot" areas to allow 
progressive cleanup activities to proceed while awaiting detailed 
radiological and chemical analytical data from the study area. In the 
event that the work plan for the Improved Storage of Soil and Debris 
(Removal Action (RA) #17) is approved by EPA prior to excavation, all 
excavated soil will be managed in accordance with provisions outlined in 
the RA #17 Work Plan. 

Excavations will proceed only on FEMP property. Additional discussion on 
the excavation process can be found in Section 2.1. In the event that 
elevated concentrations are identified off-property, the area will be 
marked and the property owner will be notified and negotiations for a 
prudent course o f  action will be initiated with the owner. This course of 
action could range from simple notification or access controls to 
excavation activities. The U.S.  EPA and Ohio EPA will be notified in this 
event and consulted on the appropriate course of action prior to 
implementation. 

Following excavation: each container will be sampled; verification samples 
will be collected from the center of each excavation and sent to the on- 
site lab for total uranium analysis; and surface soil samples will be 
collected along the established grid to determine the concentrations of 
radiological and chemical constituents present in the surface soils 
remaining in the study area (see Table 1). Soil samples will be collected 
consistent with the Sampling and Analysis Plan (Section 3.0) and RI/FS 
Quality Assurance Project Plan (QAPP) protocols. Soil sampling is further 
discussed in Section 3.0. Once analytical results are received, an 
interim report will be completed and provided to EPA describing Phase I 
and I 1  activities. On the basis of the analytical results obtained from 
Phases I and 11, the RSE will be revised to examine the need for further 
action. Based on the findings of the revised RSE, a final report will be 
submitted proposing the need, if any, for additional field actions. 
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2.1 PHASE I 

The first field activity of the removal action is to layout the 
study area boundary. Once the boundary has been established, the 
correlation samples will be obtained from the study area, on- 
property. While the correlation samples are being collected, the 
off-property surface soil samples will also be collected along the 
established grid, so that the analyses can be expedited. All grid 
locations (both on and off property) were chosen based upon existing 
walkover and soil sample data (Appendix I 1  and RSE). The grid will 
be laid out in accordance with the map provided in Appendix 111. 
Final sample locations will be surveyed and tied into the state 
planar coordinate system. 

As previously discussed, a radiological survey will be performed 
within the study area employing a shielded 2"x2" NaI detector. A 
correlation will be established to permit the real-time 
approximation of soils exhibiting greater than 100 pCi/g of.tota1 
uranium (see Sampling and Analysis Plan for correlation method). 

As the walkover survey progresses, any area found to exceed 100 
pCi/g will be marked for excavation, on-propertyy and marked and 
sampled at the centers, off-property. Duplicate samples will be 
taken from the centers of the off-property "hot spots" with one set 
going to the on-site lab for quick turn-around. After the areas on- 
property have been marked, excavation can begin and will continue 
until in-situ soil concentrations are below 100 pCi/g total U as 
determined by direct radiological measurement using the NaI 
detector. Based on existing soil sample data, it is estimated that 
an average of 6"-12" will need to be excavated as part of Phase I 
from the localized "hot spot" areas. Because of these shallow 
excavations, this activity can be performed by hand. If any of the 
excavations pose a safety threat, temporary access controls, such as 
fencing or roping, may be installed. In the event that excavations 
threaten structural integrity of nearby facilities, DOE will 
evaluate the need for engineered reinforcement. During excavation 
activities, logs including maps will be developed to record 
excavated areas which will be included in the interim report to be 
completed at the end of Phase 11. 

As previously stated, this action level will approximate 100 pCi/g 
of total uranium in soil assuming a natural isotopic activity 
distribution. A hand-held organic vapor analyzer will also be used 
during excavation; any detection will direct the need for 
excavation. 

Excavated soil will be containerized with the containers being 
placed in an interim storage area within the study area boundary for 
sampl i ng . Pending analytical results, a hazardous waste 
determination will be completed. In the event the soil is determined 
to be hazardous pursuant to 40 CFR 262.11, the containers will be 
transferred to on-si te hazardous waste storage faci 1 i ties. UDon 
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2.2 

approval of the work plan for Removal Action No.17 - Improved 
Storage of Soil and Debris by U.S.  EPA, management of the excavated 
soil will be transitioned to be consistent with the requirements of 
this approved plan. 

Excavations will not be backfilled or re-graded. If it is 
determined that any of the excavations pose a safety threat, access 
controls will be put in place. 

PHASE I 1  

After excavation activities are complete: all containers will be 
representatively sampled in accordance with the methodology 
presented in Appendix IV (see Section 3.0 for further details); 
post-excavation validation samples will be taken from the excavated. 
areas and sent to the on-site laboratory for total uranium analysis 
only to verify the 100 pCi/g in-situ concentration; and post- 
excavation surface soil samples will be taken at the 32 on-property 
locations shown in Appendix 111 (see Section 3.0 for further 
details). Once all analytical results become available, an interim 
report will be issued containing: correlation sampling results; 
off-property sampling results; walkover survey results (including a 
map showing "hot spot" locations); an outline of excavation 
activities; verification sampling results; and post-excavation 
surface soil sampling results. 

2.3 PHASE I11 

Once results from the containerized and surface soil sampling 
activities are available, the RSE will be revised to incorporate all 
sampling results, including non-radiological parameters. The RSE 
will considerhltiple contaminant exposure scenarios. The RSE will 
consider the recommendations contained in the 1981 Nuclear 
Regulatory Commission (NRC) Branch Technical Position (BTP). Based 
on the results of the revised RSE, a final report will be submitted 
defining the need, if any, for additional actions to address the 
soil in the Sewage Treatment Plant Area. 

3.0 SAMPLING AND ANALYSIS PLAN 

As previously mentioned, sampling activities take place during both Phase 
I and Phase 11. During Phase I, correlation samples will be collected, 
off-property surface soil samples will be collected and a walkover survey 
(both on and off FEMP property) will be performed to highlight areas 
exceeding 100 pCi/g total U in soil, and the "hot spots" off-property will 
be sampled at their centers. Once the on-property "hot spots" have been 
excavated, the containers will be sampled, verification samples will be 
taken from the excavations, and the on-property post-excavation surface 
soil samples will be taken along the established grid. Table 1 provides 
a list of sampling and analysis activities. 

11 



TABLE 1 

Phase 

I 

I 

I 

I 1  

I 1  

Samples t o  be Taken 

~ 

Sample Descr ip t ion  

1 )  Correl a t  i on 

2 )  8 off -proper ty  s u r f a c e  
s o i l  samples 

3)  Off-property "hot- 
spo t s "  sampled @ 
c e n t e r s  ( d u p l i c a t e  
samples) 

4)  Containers 

5) Post-excavation 
veri f i c a t  i on sampl es , 
from c e n t e r s  o f  
excavat ions  

along e s t a b l  shed g r i d  
6)  Post-excavat on samples 

Types o f  Analyses 

20 f o r  c o n s t i t u e n t s  i n  
Table 1 B  

~ ~. 

6 f o r  ~ r a d i  o l  ogi c a l  
c o n s t i t u e n t s  i n  Table  1 A  

2 f o r  r a d i o l o g i c a l  and 
HSL c o n s t i t u e n t s  i n  
Table 1 A  

1 se t  f o r  t o t a l  U, t o t a l  
Th & Ra-226 

1 set  f o r  r a d i o l o g i c a l  
c o n s t i t u e n t s  i n  Table  1 

A l l  c o n s t i t u e n t s  i n  
Table 1A 81 TCLP me ta l s  

Tota l  U a n a l y s i s  

20 f o r .  r a d i o l o g i c a l  
c o n s t i t u e n t s  i n  Table 1 A  

8 f o r  r a d i o l o g i c a l  and 
HSL c o n s t i t u e n t s  i n  
Table 1 A  

4 f o r  r a d i o l o g i c a l ,  HSL 
and d iox in / fu ran  

on-si t e /  
o f f - s i  t e  

1 ab  

o f f - s i  t e  

o f f - s i  t e  

o f f - s i  t e  

on-si t e  

o f f - s i  t e  

o f f - s i  t e  

on-si t e  

o f f - s i t e  

./ 

o f f - s i  t e  

o f f - s i t e  
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In order to initiate the walkover survey to highlight the areas exceeding 
the 100 pCi/g action level, the shielded 2"x2" NaI detector response must 
first be correlated to known soil activities. The NaI scintillation 
detector will effectively survey gamma-ray emitters. This would include 
thorium, radium-226, and uranium which has a natural isotopic activity 
distribttion of uranium-238 and uranium-235. The normal uranium is 
effectively detected because of its uranium-235, uranium-238 and daughters 
of uranium-238 (protactinium-234 and thorium-234). The process of 
correlating the 2"x2" NaI detector to 100 pCi/g of total uranium will be 
accomplished through the collection of a series (approximately 20) o f  
surface soil samples from locations within the study area (on-property) 
representing a range of instrument measurements. Samples will be 
collected in a manner consistent with the criteria called out in Section 
3.1 from a depth o f  0" - 8" at a location directly below the detector. 
Collected samples shall be submitted to the R I / F S  laboratory for analysis 
of the radionuclides listed in Table 1B. A plot will be developed 
depicting NaI scintillation response in counts per minute (cpm) versus 
total uranium activity concentrations in pCi/g (dry weight). Samples 
exhibiting significant activity concentrations of other gamma emitting 
radionuclides will be excluded from consideration. A curve will be fit 
against the plotted data. This curve will be established as the basis for 
correlation of the 2"x2" NaI detector and rate-meter scaler measurements 
to 100 pCi/g total uranium. DOE considers this method to provide an 
adequate basis for Phase I excavation activities (i.e. limited soil 
removal from hot-spot locations). 

Concurrent with the collection of the correlation samples, the off- 
property surface soil samples will be collected. See Table 1 for sampling 
and analyses required. 

Once the instrument correlation is complete the walkover survey will begin 
(see Table 2 for Data Quality Objectives). The field measurement 
procedure is made up of the following steps: 

- Check proper operation of the detector and its associated 
ratemeter/scaler according tothepanufacturer's instructions. 

- Perform daily source checks with a known source and record the 
response. 

- Perform daily background checks at the field office and record 
the response. 

- Survey the study area with an unshielded detector by walking 
at a steady rate across the study area in a serpentine manner. 
When a "hot spot" is detected the area will be outlined and 
the 1/2" lead shielding will be put on the detector to take 
detailed measurements to more clearly define the "hot spot" 
boundary. The defined boundary will be marked with-stakes for 
subsequent on-property excavation and off-property'sampling. 

13 



TABLE 1 A 

F.: 1; t (RADIONUCLIDES 
1 ' I ' '1  Uranium 234 

2 Uranium 235 
3 Uranium 238 
4 Radium226 
5 Radium228 
6 Thorium 228 
7 Thorium 230 
8 Thorium232 

INORGAN ICs 
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 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

VOLATILE ORGANICS 
1 
2 
3 
4 
5 
6 
7 

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 

a 

,3k 

1,l-Oichloroethane 
1,l-Oichloroethene 
1,1,1 -Trichloroethane 
1,l ,P-Trichloroethane 
1,l ,Z,Z-TetrachoIorethane 
1,2 Dichloroethene (total) 
1,2-0ichloroethane 
1 ,2-Oichloroethylene 
1,2-0ichloropropane 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Eromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-l,3-Oichloropropene 
Dibromochloromethane 
Ethylbenzene 
Methylene chloride 
Styrene 
Tetrachloroethene 
Toluene 
Total xylenes 
trans-1,3-Dichloropropene 
Trichloroethene 
.Vinyl acetate 
Vinyl chloride 

SEMIVOLATILE ORGANICS 
1,2-Dichlorobenzene 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 
44 
45 
46 
47 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

48 

65 

1,2,4-Trichlorobenzene 
1,3-0ichlorobenzene 
1,4-Dichlorobenzene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Mehylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-nitro phenol 0 

2,4-Oichlorophenol 
2.4-dimethyl phenol 
2,4-Dinitrophenol 
2,4-Oinitrotoluene 
2,4,5-TrichIorophenol 
2,4,6-TrichlorophenoI 
2.6-Oinitrotoluene 
3-Nitroaniline 
3,3'-Oichlorobenzidine 
4-Bromophenyl phenylether 
4 4  hloro-3-methyl phenol 
4-Chloroaniline 
4-Chlorophenyl-phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
4,6-0initro-2-methylphenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzoic acid 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzyl alcohol 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-C h1oroisopropyl)ether 
bis(2-Ethylhexy1)phthalate 
Butylbenzylphthalate 
Carbazole 
Chrysene 
Dibenzofuran 
Dibenzo(a,h)anthracene 
Diethyl phthalate 
Dimethylphthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
lsophorone 
Naphthalene 
Nitrobenzene 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pvrene 

_ _  
66 

17 DIOXINS 
1 2,3,7,8=Tetrachlorodibenzo-p-dioxin' 
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TABLE 1 B  

RADIOLOGICAL PARAMETERS FOR CORRELATION SAMPLES 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Actinium 227 
Cesium 137 
Protactinium 231 
Radium 224 
Radium 226 
Radium 228 
Ruthenium 106 
Thorium 230 
Thorium 234 
Tot a1 Uran i um 
Uranium 235 
Uranium 238 
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The areas marked off-property will be sampled at their centers with 
duplicate samples taken. One set will be sent to the on-site lab for 
quick analyses of total U, total Th and Ra-226 and the other set will be 
sent off-site and analyzed for the radionuclides listed in Table 1A. (See 
Table 2 for Data Quality Objectives). 

Once on-property excavations are compl ete , Phase I I sampl i ng wi 1 1  begin : 
the containers will be representatively sampled (see Table 2A for Data 
Quality Objectives). At the same time the excavations will be sampled to 
verify that the in-situ total U concentration is less than 100 pCi/g (see 
Table 28 for Data Quality Objectives). Once the verification samples have 
been taken the surface soil sampling along the established grid will begin 
(see Table 28 for Data Quality Objectives). Soil samples will be 
collected from a depth of zero to six inches. See Table 1 for 
clarification of samples to be taken and types o f  analyses to be 
performed. See Table 3 for the Analytical Support Levels (ASLs) 
referenced in the Data Quality Objectives. It is important to note that 
for this document ASLs I - V were referenced and included in Table 3, 
however the draft Sitewide CERCLA Quality Assurance Project Plan (SCQ) 
utilizes ASLs A - E which are consistent with ASLs I - V. In the event 
that the SCQ is approved prior to initiation of these sampling activities, 
the SCQ will be utilized. 

The following procedures will be used for all surface soil sampling: 

- Samples will be surface soil samples from 0 to 6 inches depth. 
The samples will be collected using a stainless steel sampling 
tool such as a trowel. The VOC portion of the samples (where 
required) is to be collected first. The sample portion for 
non-VOC parameters will be composited by hand in a stainless 
steel bowl. 

- The trowel and other sampling equipment such as bowls, gloves, 
etc. will be decontaminated prior to sample collection by 
cleaning with a non-phosphate detergent and brush, rinsing 
with tap water, methanol (acetone may be substituted if 
volatile organic compounds are not being determined), and two 
separate deionized water. rinses. 

- The final deionized water rinse fol1 owing equipment 
decontamination will be sampled and analyzed at a frequency of 
one per every set of twenty locations or fraction thereof to 
check for potential cross-contamination between surface soil 
sampl e 1 ocati ons. 

- Appropriate rinseates are to be collected at a frequency o f  
one per twenty samples. 

- Samples will be transferred directly from the hand trowel to 
the sample containers. 
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- If soil  samples are being collected for  'vo la t i le  organics 
analysis (VOA),  the sample must be transferred t o  standard VOA 
vials.  Vials should be completely f i l l e d  t o  minimize any head 
space i n  the containers. 

- Soi 1 samples coll ected for other organic or 'inorganic analyses 
should be transferred t o .  glass containers w i t h  screw cap 
closures. 

- A f i e ld / t r ip  blank for each sample will accompany the samples 
back t o  the laboratory. The f i e l d / t r i p  blank will consist of 
organic-free deionized water used in the f ie ld  t o  
decontaminate the sampl ing equipment. 

- Matrix Spi  ke/Matrix Spike Duplicates: a t  least  one spiked 
sample analysis must be performed on each group of samples of 
a similar mat r ix  type and concentration for each se t  of 
samples or for  each 20 samples received, whichever i s  more 
frequent. Samples identified as f ie ld  blanks cannot be used 
for spiked sample analysis. 

- Collected samples will be stored i n  the f i e ld  i n  an ice chest 
f i l l ed  w i t h  blue ice and maintained a t  approximately 4 degrees 
Celsius. 

- Samples w i  11 be properly 1 abel ed and chai n-of-custody records, 
f ie ld  collection reports, and laboratory requests for analysis 
forms will  be properly completed. 

All samples will be collected, documented, packaged, shipped and analyzed 
i n  accordance w i t h  the RI/FS QAPP. All samples will be analyzed a t  a 
laboratory approved for  use by the RI/FS and a l l  data collected will be 
made available t o  on-going RI/FS ac t iv i t ies .  Final sample locations will 
be surveyed and t ied into the s ta te  planar coordinate system. 

In order t o  ensure the quality of the analytical data resulting from the 
sampling ac t iv i t ies  performed under th i s  removal action, several c r i t e r i a  
are l i s ted  i n  Table 4 w i t h  reference t o  the appropriate section i n  the 
RI/FS Volume V - QAPP, Rev. 3. 
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TABLE 4 

REFERENCES FOR QUALITY ASSURANCE CRITERIA CONTAINED IN 
THE RI/FS WORK PLAN, VOLUME V - QAPP, REVISION 3 -. 

SECTION 
SECTION 5.0 - FIELD PROCEDURES 
SECTION 6.0 - SAMPLE COLLECTION PROCEDURES 
SECTION 7.0 - CHAIN-OF-CUSTODY PROCEDURES 
SECTION 8.0 - EQUIPMENT CALIBRATION/MAINTENANCE 
SECTION 9.0 - LABORATORY ANALYTICAL PROCEDURES 
SECTION 10.0 - DATA REDUCTION, VALIDATION, AND REPORTING 
SECTION 11.0 - INTERNAL QUALITY CONTROL CHECKS AND FREQUENCY 
SECTION 12.0 - QUALITY ASSURANCE AUDITS 
SECTION 13.0 - PREVENTIVE MAINTENANCE 
SECTION 14.0 - SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA 

SECTION 16.0 - NONCONFORMANCE/CORRECTIVE ACTION AND VARIANCES 
SECTION 17.0 - QUALITY ASSURANCE REPORTS TO MANAGEMENT 

4.0 - QUALITY ASSURANCE PROGRAM 

PRECISION, ACCURACY, AND COMPLETENESS 

4.0 RELATED ACTIVITIES 

In order to help meet the clean-up goals of the DOE'S nuclear waste sites, 
such as the FEMP, the Director of Environmental Restoration and Waste 
Management initiated the Office of Technology Development (OTD). One 
program initiated by OTD was the Integrated Demonstration (ID). The ID 
program focuses on improving/val'idating technologies by demonstrating 
effectiveness, cost savings, risk reduction potential , site applicability, 
and regulatory and public acceptance. The FEMP was selected to host an ID 
for uranium contaminated soils. The ID will address the issues from 
"cradle to grave" surrounding the remediation of uranium contaminated 
soils, specifically soils of a high clay/silt content. As such, one area 
of focus of the ID is demonstrating and evaluating technologies and 
approaches which can be applied to improve the current site 
characterization methods in terms of cost, risk, safety, and duration. 

One of the major challenges facing any remedial action program is the need 
to quickly and accurately delineate (i.e. identification o f  those soils 
exceeding a regulatory standard) the extent of contamination at the site. 
Because such studies generally rely on the collection of soil samples that 
are subsequently shipped off-site for analysis, the cost and time required 
to perform these studies is significant. One means of improving the 
efficiency of site characterization is through the infusion of new 
screening technologies into such programs. The benefits represented by 
employing screening technologies include: 

- 
- reduction in sampling phases 
- improved spat i a1 resol uti on 

reduction in sampl ing requirements 

For these reasons, testing and evaluation of four screening technologies 
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for delineating the distribution of uranium contamination in surface and 
sub-surface soils will be tested and evaluated in late August and 
September of 1992 under the ID. The technologies to be tested include: 

- High-resolution gamma spectroscopy 
- a wide-area beta scintillation counter 
- 

- a long range alpha detector (LRAD) system 

inductively coupled plasma -- atomic emission spectroscopy 
(ICP-AES) 

The ID has proposed integrating this field demonstration with this removal 
action. After the contaminated soil above the 100 pCi/g action level have 
been excavated under the removal action (Phase I), and the post-excavation 
sampling is complete, the four screening techniques will be utilized to 
evaluate the completeness of this activity. The results of the screening 
techniques will be-compared with the data obtained from Phase I and I1 
sampling activities. The integration of the testing of the screening 
techniques with this removal action will provide a higher quantity of data 
for utilization in remedial design. The integration will also provide a 
cost savings to the ID through the utilization of the removal action data. 

5.0 PROGRAM MANAGEMENT 

The following activities will be undertaken to provide planning and 
management for the removal action. 

5.1 RESPONSIBILITIES 

The DOE is the lead agency for this removal action and will 
coordinate the execution o f  this removal action. As stated in the 
Amended Consent Agreement under CERCLA 120 and 106(a), if the DOE 
determines under Section 104 that any activities or work being 
implemented under this Amended Consent Agreement may create an 
imminent threat to human health or the environment from the release 
or threat o f  release of hazardous substance, pollutant, contaminant, 
or hazardous constituent, it may stop any work or activities for 
such period of time as needed to respond and take whatever action is 
necessary to abate the danger. Reporting to the U.S. EPA will be in 
accordance with Section XXIII of the Amended Consent Agreement. 

U.S. EPA shall review, comment and approve the work plan and follow 
progress through the interim report, meetings/site visits, the final 
report and the Amended Consent Agreement progress reports. 

WEMCO, the Maintenance and Operations Contractor at the FEMP, will 
coordinate, manage, implement, monitor activities and prepare all 
reports associated with the removal action in a manner consistent 
with the DOE and regulatory requirements and guidance. 

This removal action shall be managed by the WEMCO/DOE OU3 team to 
ensure compatibility with the final remedial action(s) selected for 
OU3 and O U 5 .  Data and results from this removal action will be used 
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t o  eva lua te  the f i n a l  remedial op t ions  f o r  OU3 and OU5. 

Ohio EPA,  while not  a s i g n a t u r e  t o  the Amended Consent Agreement, 
main ta ins  a s i g n i f i c a n t  r o l e  i n  the successful implementation o f  
removal a c t i o n s  a t  FEMP. Ohio EPA s h a l l  review and comment on the 
work plan and fo l low progress  through the i n t e r i m  r e p o r t ,  
m e e t i n g s / s i t e  v i s i t s ,  the f i n a l  r e p o r t  and the Amended Consent 
Agreement progress  r e p o r t s .  

5.2 

All personnel d i r e c t l y  involved i n  the planning and implementation 
o f  this removal a c t i o n  will be t r a i n e d  i n  accordance w i t h  29 CFR 
1910.120, the s tandard  ope ra t ing  procedures f o r  the work involved, 
and w i t h  the requirements of the approved work p l an .  

SCHEDULES 

A proposed schedule has been developed and key mi l e s tones  o f  this 
schedule a r e  given i n  Table 5-1. 

Table 5-1 - Key Miles tones  of Proposed P r o j e c t  Schedule 

Accumul a t e d  
Durat i on Duration* 
(months) (months ) 

Complete Phase I 3 3 
- Excavation 
- Off-Property Sampl ing 

Complete Phase I1  8 11 
- Post-Excavation Sampling 
- Submit In te r im Report 

Complete Phase I11 3 14 
- Revise RSE 
- Submit Final Report 

*From Approval o f  Work Plan By U.S. EPA 

6.0 QUALITY ASSURANCE PLAN 

T h i s  removal a c t i o n  w i l l  be conducted i n  accordance w i t h  the o v e r a l l  
q u a l i t y  assurance program a t  the FEMP a s  desc r ibed  i n  the s i t e  Q u a l i t y  
Assurance Plan. The Q u a l i t y  Assurance Plan i s  based on the c r i t e r i a  
s p e c i f i e d  i n  ASME NQA-1, Federal EPA Guide l ine  QAMS-005/80 and DOE Orders 
5700.6 and 5400.1. De ta i l ed  requirements a r e  implemented by the WEMCO 
S i t e  P o l i c i e s  and Procedures Manual, FMPC-2054, by WEMCO Departmental 
procedures,  and Topical Manuals. Sampling and a n a l y s i s  a c t i v i t i e s  will be 
conducted c o n s i s t e n t  w i t h  the RI/FS QAPP. The U.S’. EPA i s  i n  the process  
of reviewing a d r a f t  S i t ewide  Qua l i ty  Assurance P r o j e c t  Plan (QAPjP) 
covering a l l  s i t ewide  sampling and a n a l y s i s  a c t i v i t i e s .  Upon approval ,  
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remaining sampling and 
with the Si tewide QAPP. 

HEALTH AND SAFETY PLAN 

The removal ac t ion  will 

3497 
a n a l y s i s  a c t i v i t i e s  w i l l  be conducted c o n s i s t e n t  

be conducted i n  accordance w i t h  the Drovis ions of  
the FEMP s i te-wide hea l th  and s a f e t y  program (WMCO June 1990)'. Cons is ten t  
with t h i s  program and 29 CFR 1910.120, a t a s k  specific h e a l t h  and s a f e t y  
plan will be prepared addressing the proposed work a c t i v i t i e s .  The task 
specific Health and Sa fe ty  Plan i s  c u r r e n t l y  in  d r a f t  and w i l l  be r ev i sed  
t o  inco rpora t e  any changes r e s u l t i n g  from the f i n a l  approval of  the work 
plan.  A copy of  t h e  Health and Sa fe ty  Plan will be f i n a l i z e d  p r i o r  t o  
f i e l d  mobi l iza t ion  and will be made a v a i l a b l e  t o  U.S. EPA upon r eques t  a t  
t h a t  time. . T h e  Health and Safe ty  Plan i d e n t i f i e s ,  eva lua te s ,  and c o n t r o l s  
a l l  s a f e t y  and hea l th  hazards a s s o c i a t e d  w i t h  this removal a c t i o n .  In 
addi t i  on , i t provides f o r  emergency response f o r  hazardous ope ra t ions  . 
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1.0 INTRODUCTION 

The solid waste incinerator is located in the northwest corner of the sewage 
treatment plant area at the Fernald Environmental Management Project (FEMP) . 
This incinerator was operated from November of 1954 through December of 1979 at 
which time a new solid waste incinerator at Building 39 was placed into service. 
The incinerator at the sewage treatment plant was used to burn contaminated and 
uncontaminated burnable trash during its period of operation. Soil sampling 
results from the Remedial Investigation and Feasibility Study (RI/FS) indicate 
that concentrations of radionuclides in the soils adjacent to the solid waste 
incinerator are above background levels and exceed those observed in prior 
routine environmental sampling. The sol id waste incinerator is located within 
the fenced area of the sewage treatment plant but the majority of the area with 
contaminated soi 1 s is 1 ocated outside the sewage treatment plant's fenced 
boundary. The area outside the fence is primarily used for grazing dairy cattle 
(under a lease agreement with the DOE) owned by a neighboring farmer. Access to 
the sewage treatment plant is controlled by WEMCO personnel, however access for 
the grazing dairy cattle to the areas adjacent to the incinerator is 
uncontrolled. The solid waste incinerator at the sewage treatment plant has been 
identified as a "suspect area" to be addressed under the RI/FS Operable Unit 3. 
The RI/FS for Operable Unit 3, aimed at investigating the remedial alternatives 
in the Production Area and other identified suspect areas outside the Production 
Area, is presently underway. 

This Removal Site Evaluation (RSE) has been completed by the DOE under 
authorities delegated by Executive Order 12580 under Section 104 of CERCLA and 
is consistent with Section 300.410 of the National Oil and Hazardous Substance 
Pollution Contingency Plan (NCP). This RSE addresses contaminated soils adjacent 
to the solid waste incinerator at the sewage treatment plant and has been 
completed to support the decision as to whether the present conditions warrant 
a removal action. 

2.0 SOURCE TERM 

Both the routine Environmental Monitoring Program (EMP) and the on-going Remedial 
Investigation/Feasibil ity Study (RI/FS) have shown evidence of contamination in 
the vicinity of the incinerator. It is possible that there was some contribution 
from other facilities at FMPC, but it is likely that most, if not all, of the 
activity is due to incinerator effluent. 

2.1 Environmental Soil SamDlinq Data 

There have been two environmental soil sampling locations in the area that are 
routinely monitored through the EMP. Sampling Point No. 3 is adjacent to the 
incinerator and on-site. Sampling Point No. 11 is nearby but off-site (see 
Figure 1) .  The U-238 soil concentrations from the 1984'') and 1985'" and 1989'3' 
environmental monitoring were: 

1 
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Table 1. Historical Uranium-238 (pCi/g) Soil Concentrat 
Incinerator Area 

No. 3 No. 1 1  

1984 (Aug.) 68.5 f 3.5 (20) 13.8 f 0.7 
(Dec.) 39.9 f 1.7 19.3 f 0.8 

1985 35.9 f 14.5 14.2 f 0.7 
1984 (Resample) 2.8 -c 0.1 10.8 f 0.5 

1989 0-5 cm 79 f 13 
5-10 cm 58 f 9 

Di scont i nued 
Discontinued 
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These analyses were for elemental uranium, so the amounts of U-235 and U-234 
present were not known. Subsequent R I / F S  analyses showed the average activity 
ratios for typical soils with this range of uranium concentration to be 

U-238 : U-235 : U-234 
1.00 : 0.07 : 0.48 

These ratios indicate a mixture of depleted and normal uranium. Very low 
concentrations -of U-234 daughters indicate that this is not natural uranium. By 
1984, the incinerator had not been used for five years. 

2.2 Environmental Air S a m 1  inq Data 

The nearest EMP environmental air sampling location (BS 3 and later AMS 3) east- 
northeast o f  the incinerator (see Figure 1) showed the highest concentrations 
among the FEMP-wide air sampling network. The source is likely to be a 
combination of entrained contaminated soil and effluent from other FEMP 
facilities. Airborne uranium concentrations for that air sampling location are 
summarized bel ow 

Table 2. Annual Average Airborne Uranium at BS 3 (AMs 3) (pCi/m') 
\ Average of 

Week1 Y SamDl es ComDosite Analysis 
U-234 U-235 U-238 Th-230 U-238 

1984 1.36E-02 2.6 1 E-04 
1985 5.57E-03 7.64E-04 
1988 3.59E-03 ---- 
1989 7.1 E-04 2.OE-04 1.3E-05 3.6E-04 (1.1 E-05 

The committed effective dose equivalent from these concentrations is considerably 
less than the 10 mRem/yr NESHAPS criteria even with 100 percent occupancy. There 
are no residents at this location. 

Annual composite sample analyses, f o r  a number of radionuclides, showed either 
very 1 ow airborne concentrations or very 1 ow i nhal at i on dose commi tments re1 at i ve 
to the uranium concentrations. Radionuclides that were identified included 
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Sr-90 

Ra-228 
Tc-99 

Th-228 
Th-230 
Th-232 

U-236 
Np-237 
Pu-238 
Pu-239, 40 
Pu-241 
Pu-242 

No measurable radium-226 was noted at this air sampling location. A more 
complete summary of air sampling data is in Appendix A. 

Exposure rates measured by environmental dosimeters, at the air sampl ing 
location, are not statistically different from the ambient background. 

2.3 RI/FS Soil and Core SamDlinq Data 

During the on-going RI/FS, soil samples and sub-surface core samples collected 
in this vicinity showed considerably higher concentrations than previously 
observed. Twelve of 24 samples were above background and six of these 12 
exceeded guidance for unrestricted use(4). The two highest samples, closest t o  
the incinerator, showed 25,670 pCi/g and 2376 pCi/g of uranium-238. Figure 1 
shows the sampling locations and Appendix 6 summarizes the radionuclide 
concentrations. 

From inspection of the data, there are two distinct concentration distributions. 
The lower group remained below 10 pCi/g. This group included samples: 

5368 
5371 
5372 
5596 
5599 
5854 

5857 
5860 
5863 
5866 
5869 
5872 

The U-238 concentration among these samples averaged: 

5.1 f 2.7 pCi/g (lo) 

On that basis, one can be 99.7 percent confident that concentrations exceeding 
13.2 pCi/g (average plus 30) are above background. The 12 remaining samples 
exceeded that concentration. 

Inspection o f  data for the 12 background samples showed that all other 
radionuclide analyses, in addition to uranium, yielded results at expected 
ambient background concentrations or near the analytical sensitivity. These 12 
background soils were all at the greatest distances and/or not downwind compared 
to average meteorol ogi cal conditions. 

Highest soil concentrations were in the immediate vicinity of the incinerator and 
the apparent plume extended toward the northeast which is the most probable wind 
direction. 

3 
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I n  order t o  assess the potential impacts, an average concentration of the various 
radionuclides was established for  the 12 samples exceeding background. 

Table 3. Average Soil Concentrations for 12 Samples 
Exceeding Background 

. .  
-d; . 

Detected Average 
in % of Concentration 

' Isotope Samples I p C i  14)  

U-238 12/12 
U-235 11/11 
U-234 11/11 
Ra-226 11/11 
Th-230 11/11 
Ra-228 10/11 
Th-228 11/11 
Th-232 11/11 
Tc-99 4/11 

Sr-90 6/11 
Pu-239,40 1/11 

2391.2 7361 
172 f 518 

1151 k 3272 
7.7 f 17.2 

17.4 f 33.5 
2.9 f 3.5 
2 .7  f 2.8 
2.9 f 3.3 
4.6 f 6.6 
1.1 (single value) 
1.3 f 0.7 

Range 

13.6 - 25,670 
0.8 - 1730 

12.8 - 10,977 
0.9 - 57.4 
1.8 - 102 

< 1.8 - 12.2 
1.0 - 10.2 
0.7 - 11.3 

< 0.9 - 1 4 . 4  
< 0.6 - 1.1 
< 0.5 - 2.3 

The selected 12 samples were based upon elevated urani um concentrations. Many 
+v of the other radionuclide concentrations in those samples appeared t o  be a t  

background levels b u t  they were, none-the-less, included t o  create the average 
values above. A number of  samples showed unique features. Sample 5095 had the 
highest radium-226 concentration (57.4 2 1.2 pCi/g) which was also high when 
compared t o  uranium concentrations in that  sample. In any case, no allowance or 
subtraction was made for  background in the average concentrations given i n  Table 
3.  Note that  there i s  a re la t ively large standard deviation associated w i t h  the 
averages. For uranium, the standard deviation gives roughly plus or minus 300 
percent. 

Data from a limited number of  core samples from th is  area, down t o  twenty feet ,  
suggest that  contaminant par t ic le  sizes are small enough (or  soluble enough) t o  
penetrate into soil (e.g. gravel and sand). This will affect  any decision t o  
physically move the contaminated soi l  zones. 

As part  of the RI/FS, a limited set of data are available from core samples 
collected in t h i s  area. Sample locations 1441, 1442, 1447, and 1448 are i n  the 
central area within the fenced compound which includes the incinerator and the 
sewage treatment plant. They are approximately 100-300 f t  from the incinerator. 
Location 1444 i s  far ther  east  (approximately 350 f t  from the incinerator) and 
1443 i s  approximately 400 f t  due east  of the incinerator (see Figure 1) .  The 
profiles are shown in Table 4 .  



Table 4. Uran 

1442 
42.1 10 - 1.5) 58.3 

11.5-3.0) 6.67 
13.0-5.5) 15.3 
15.5-10) 
110-15) 13.8 
~ 15-20) 2.53 

um-238 in So 

1443 
45.6 

6.14 11.9 
4.60 33.0 

35.4 
25.3 

Note: Paren,hetical values are for 

1 Core Samples (pCi/g) 

1444 1447 ,1448 
12.9 19.9 41.9 

224.4 3.9 
69.6 4.9 

1.7 4.7 
4.7 (2.3) 5.7 (2.0) 

second samples at same location 

Relative to potential excavation, these data suggest that no removal is required 
in some areas. Other areas may require that a one foot layer be removed, but 
some removal beyond a three foot depth may be necessary. 

Additional RI/FS sample results were obtained after calculations for this RSE 
were performed. It is 
important to remember this data is included for informational purposes and wasn't 
used in the calculations of this RSE. These sample points are also shown on 
Figure 1. 

These results are included in Appendix B in Table 8.2. 

2.4 Pathwav Assessment 

Because the contributing effluent is believed to be incinerator ash particles 
(and condensate nuclei) it is probable that the particle matrix containing the 
radionuclides is relatively insoluble. Leaching to subsurface water, and root 
uptake by vegetation, can be expected to be relatively low and slow. Inhaled 
particulate and deposition in bovine nasal turbinates should result in minimal 
transfer to the bloodstream and to other organs and milk. The fraction deposited 
in the lower respiratory system will depend upon the airborne particle size 
distribution. That fraction in the deep lung will be slowly cleared with longer 
term cumulative radiation dose to the lung and to the tracheobronchial lymph 
nodes. 

Although RESRIID'~) transfer parameters are used later for dose estimates, COW soil 
ingestion should result in very little G.I. absorption. Similarly low vegetation 
(forage) root uptake is expected but RESRAD values are used. 

3.0 EVALUATION OF THE MAGNITUDE OF THE POTENTIAL THREAT 

The available data permits only a conservative assessment, that appears adequate 
to justify consideration of removal action(s). Several comparisons can be made 
by focusing on the RI/FS soil sample data. The net average concentration has 
been developed for the radionuclides in 12 soil samples. This is conservative 
since 50 percent of those samples were below cleanup guidance  concentration^'^' . 
Other RI/FS samples from within the incinerator compound, and also those from the 
FMPC EMP, show considerably lower concentrations. More data will be required to 
characterize the magnitude and extent of the contamination. 
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One comparison is afforded by comparison .to concentrations recommended for 
unrestricted use in the NRC Branch Technical Position'". These comparisons are 
summarized bel ow. 

Table 5. Average Soil Concentration Compared to NRC Guidance 

Table 3 Averaqes Guidance Concentration 

Th-232 2.9 pCi/g 

Ra-228 2.9 
Th-228 2.7 

lO,pCi/g Th-232 + daughters 

U-238 2391 pCi/g 35 pCi/g Depleted U 

U-238 2391 pCi/g 
U-235 172 
U-234" 1151 

30 pCi/g Enriched U 

A s  previously described, uranium isotopes most commonly exceed the cleanup 
_ L  criteria. Some locations have unique radionuclide mixtures. For example sample 

locations 5092 and 5095 have radium-226 concentrations which exceed the 5 pCi/g 
limit provided in 40 CFR 192'" for uranium mill tailings sites. The FEMP is not 
a mill tailings site and current data do not permit averaging over loom2 for 
better compari son to 40CFR192. 

!nother comparison can be made through analyses for dose estimates and the 
issociated risk. Appendix C shows the derivation of these estimates. The 
preponderance of the radiation doses accrue through: 

0 
. .  Extern a1 expo sur e 3.8 mRem/yr 

Inhalation 4.7 mRem/yr 
Milk ingestion 7.6 mRem/yr 

These are modeled to human (not bovine) exposure (see Appendix C for model 
assumptions). The farmer visits the area for approximately one hour per week. 
A fraction o f  the dairy herd typically occupies the area about 10 hours per week, 
although calculations for the milk pathway assumed 100 percent occupancy. 

No water pathways were analyzed since the scope of this evaluation is for the 
short term and a1 so because geological characteristics are unknown. 

The milk pathway is also analyzed in Appendix C however the potential 
contribution by that path was relatively low (7.6 mRem/yr) and a number of 
conservative assumptions were made. A fraction of the dairy herd ingests only 
a fraction of their total forage from the contaminated area. Through the routine 
EMP, monthly samples of milk production from Knollman's Dairy (adjacent to the 
FEMP) have only rarely shown concentrations in excess of the detection limit of 
0.7 pCi/L. One outstanding analysis in 1989 showed 12.8 ~ci/L(~'; one milk sample 
showed 1.35 pCi/L in 1983 and another showed 1.0 pci/l in 1988. These 
concentrations can be compared to the conservative model which yielded 198 pCi/L 
of U-238 and 95.7 pCi/L of U-234. Recent conversation with the farmer indicates 0 
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that most of the cows grazing this area are not milkers. 

By adding effective dose equivalents and committed effective dose equivalents (to 
simplify this assessment), the total estimated annual dose equivalent is 16.1 
mRem. Using the EPA risk estimate of 2 x lo-' per person - Rem effective dose, 
the associated risk for a fatal cancer is 

0.016 Rem x (2 x lo-") = 3.2 x 10e6/yr 

The risk for a fatal cancer for a 70 year lifetime estimate is less than 2.2 x 
lo-' because weathering will %educe the available quantities of the 
radi onucl ides. 

The dose estimate of 4.7 mRem/yr due to inhalation can be compared to the EPA 
NESHAPS limit of 10 mRem/yr (40 CFR 61.92). The milk ingestion estimated dose 
of 7.6 mRem/yr could be compared to the EPA limit of 4 mRem/yr (40 CFR 141.15) 
through drinking water. The total of 16 mRem/yr does not exceed DOE gui 
100 mRem/yr in DOE Order 5400.5. 

4 . 0  ASSESSMENT OF THE NEED FOR REMOVAL ACTION 

Consistent with Section 40 CFR 300.410 of the National Contingency P 
Department of Energy (DOE) shall determine the appropriateness of a 
action. 
40 CFR 300.415 (b)(2). The following apply specifically to the above background 
concentrations of contaminants occurring in the soils adjacent to the sol id waste 
incinerator at the sewage treatment plant. 

Eight factors to be considered in this determination are listed in 

lance of 

an, the 
remov a 1 

40 CFR 300.415 (b)(2)(i) 

Actual or potential exposure to nearby human populations, animals, or the food 
chain from hazardous substances or pollutants or contaminants. 

40 CFR 300.415 (b)(2)(iv) 

High levels o f  hazardous substances or pollutants or contaminants in soils 
largely at or near the surface, that may pose a threat of release. 

40 CFR 300.415 (b)(2)(v) 

Weather conditions that may cause hazardous substances or pollutants or 
contaminants to migrate or be released. 

These factors are considered appropriate as a result of the concentrations of 
contaminants in the soils adjacent to the solid waste incinerator at the sewage 
treatment plant. Livestock grazing or significant storm events have a potential 
to cause these concentrations to migrate or be carried to areas which are 
uncontaminated. 

7 
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5.0 APPROPRIATENESS OF A RESPONSE 

If it is determined that a response action is appropriate due to both the level 
o f  contamination found in the soils adjacent to the solid waste incinerator at 
the sewage treatment plant and the potential o f  contaminant migration, a removal 
action may be required to address the existing situation. 

If a planning period of  less than six months exists prior to initiation o f  a 
response action, DOE will issue an Action Memorandum. The Action Memorandum will 
describe the selected response and provide supporting documentation for the 
decision. 

. 

If it is determined that there is' a planning period greater than six months 
before a response is initiated, DOE will issue an Engineering Evaluation/Cost 
Analysis (EE/CA) Approval Memorandum. This memorandum is to be used to document 
the threat of public health and the environment and to evaluate viable 
alternative response actions. It will also serve as a decision document to be 
included in the Administrative Record. 
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Table A.l 

Composite Sample Analyses (pCi/m') 
Annual Average Airborne Radi onucl ide Concentrations at BS 3 (AMs 3) 

Radionucl ide - 1984 1985 1989 

2.61 f 0.65E-04 Sr-90 ( 3 )  

Tc-99 6.38 +. 0.80E-03 1.60 f l.lOE-04 

Ra-226 t5.2E-05 t5.3E-07 

Ra-228 3.91 f 3.91E-05 tl.lE-05 

Th-228 5.06 f 0.24E-05 2.61 f 0.52E-05 <l.lE-05 

Th-230 7.46 +. 0.12E-04 2.61 f 0.52E-04 tl.lE-05 
(2.61E-04) ('I (7.64E-04) (') 

Th-232 ' 2.77 f 0.24E-05 . 1.44 f 0.26E-05 <l.lE-05 

Np-237 1.07 f 0.06E-05 t1.3E-06 

Pu-238 2.65 f 0.7E-06 2.0 f 0.8E-06 3.0 f 2.1E-06 

P~-239,240 5.54 f 0.6E-05 1.25 f 0.2E-05 4.9 f 0.03E-07 

Pu-240 1.3 -C 0.01E-07 

Pu-241 6.06 f 0.16E-05 2.0 -C '0.06E-06 

Pu-242 7.1 2 0.2E-05 

U-234 2.0 f 0.7E-04 

U-235 1.3 f 0.04E-05 

U-236 8.4 f 1.3E-06 

U-238 1.36 f 1.30E-02 5.57E-03 3.60 f 0.01E-04 
( 7.1 E-04) 

Gross Beta 6.38 f 1.28E-02 2.64 f 1.13E-02 2.65E-02 

Designation of BS 3 was changed to AMS 3 at reorganization of the 
Air Sarnpl ing Network. 

(') Parenthetical concentrations represent averages of individual 
analyses during that year. 

(3) Blank fields indicated that the specific analysis was not performed. 
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c- 1 
Dose Estimate and Risk Assessment 

The foll owing represent a 1 imi ted assessment of three potent i a1 radi at i on dose 
paths using the method given in RESRAD(6). Those paths are external ground 
radiation, inhalation through resuspension of contaminated soil , and the indirect 
path to milk. 

External Ground Radiation 

The assumptions made for this path are: 

1. Soil bulk density i s  1.8 g/cm3 

2. The potential receptor occupancy and shielding factor i s  0.006 (one hour 

3. The lateral extent and shape of the surface contamination is extensive 

per week) 

and uniform relative to uniform contamination 

4. Contamination is uniform in depth to several inches for gamma ray 
absorption 

5. There is no cover attenuating gamma rays 

6. The effective dose equivalent conversion factors given in Table 6.1 of 
Reference 6 are used 

U-238 (Incl. Th-234, Pa-234111) 

2391 pCi/g x 1.8 g/cm3 = 4303.8 pCi/cm3 

4303.8 pCi/cm3 x 6.97 x lo-‘ mRem/yr/pCi/cm3 x 0.006 

= 1.8 mRem/yr 

U-235 (Incl . Th-231) 
172 pCi/g x 1.8 g/cm3 x 4.90 x lo-’ mRem/yr/pCi/cm3 x 0.006 
= 0.9 mRem/yr 

U-234 

1151 pCi/g x 1.8 g/cm3 x 6.97 x mRem/yr/pCi/cm3 x 0.006 

= 0.009 mRem/yr 

, 



c-2 

Ra-226 

7.7 pCi/g x 1.8 g/cm3 x 8.56 mRem/yr/pCi/cm3 x 0.006 

= 0.71 mRem/yr 

(Th-230 Cont r ibu t ion  i s  n e g l i g i b l e )  

Ra-228 

2.9 pCi/g x 1.8 g/cm3 x 4.51 mRem/yr/pCi/cm3 x 0.006 

= 0.14 mRem/yr 

Total External Dose Rate 

3.8 mRem/yr 

Th-228 ( Inc l  . 7 daughters )  

2.7 pCi/g x 1.8 g/cm3 x 7.36 mRem/yr/pC.i/cm3 x 0.006 

= .22 mRem/yr 

(Th-232, Tc-99, Pu-239,40 and Sr-90 c o n t r i b u t i o n s  a r e  negl i g i  b le)  

Inha la t ion  PathwaK 

The assumptions made f o r  this path a re :  

1. Average a i rbo rne  mass loading i s  2 x 

2.  The p o t e n t i a l  r ecep to r  occupancy f a c t o r  i s  0.006 

3. There i s  no cover  over the contaminated s o i l  

g/m3 

4. The d i s t r i b u t i o n  of contaminant i n  the s o i l  ex tends  over  a l a r g e  a rea  
and i s  a t  depth r e l a t i v e  t o  the s u r f a c e  en t r a ined .  

5. Annual a i r  i n t a k e  i s  8400 m3/yr 

6. The committed e f f e c t i v e  dose equiva len t  conversion f a c t o r s  given i n  
Reference 6 Table  C . l  a r e  used. 
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c-3 

U-238 (C las s  Y )  

2391 pCi/g x 2 x lo-* g/m3 x 0.006 x 8400 m3/yr x 1.2 x lo-' mRem/pCi 

= 2.9 mRem/yr 

U-235 (Class  Y )  

172 pCi/g x 2 x lo-" g/m3 x 0.006 x 8400 m3/yr x 1.2 x lo-' mRem/pCi 

= 0.21 mRem/yr 

U-234 (C las s  Y )  

1151 pCi/g x 1.0 x lo-' g / y r  x 1.3 x lo-' mRem/pCi 

= 1.5 mRem/yr 

(Ra-226 c o n t r i b u t i o n  i s negl i,gi bl e )  

Th-230 (Class  Y )  

17.4 pCi/g x 1.0 x lo-' g /y r  x 0.26 mRem/pCi 

= 0.05 mRem/yr 

(Ra-228 c o n t r i b u t i o n  i s  n e g l i g i b l e )  

Th-228 (Class  Y )  

2.7 pCi/g x 1.0 x 

= 0.008 mRem/yr 

(Tc-99, Pu-239,40 and Sr-90 c o n t r i b u t i o n s  a r e  n e g l i g i b l e )  

g / y r  x 0.31 mRem/pCi 

Total Inha la t ion  Dose 

4.7 mRem/yr 
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Milk Pathwav 

The assumptions made f o r  t h i s  path a r e  

1. Vegetative t o  s o i l  t r a n s f e r  f a c t o r s  a r e  used from Table 0 .3  of 

2 .  Cow forage  consumption i s  55 kg/day(6’ 
3. M i l k  t r a n s f e r  f a c t o r s  a r e  from Table D.4 of RESRAD‘6’ 
4. Human m i l k  consumption i s  92 L/yr 
5. Inges t ion  dose f a c t o r s  a r e  from Table D . l  o f  RESRAD@’ 
6. A milking cow i n g e s t s  a l l  forage  f o r  one y e a r  from the 

contaminated a r e a .  

RESRAD‘~) 

Soi 1 Forage 
Isotooe Concentration Trans fe r  Factor Concent ra t ion  

U-238 2391 pCi/g 2.5 x 1 0 - ~  

U-235 172 2.5 x 1 0 - ~  

U-234 1151 2.5 x 1 0 - ~  

Ra-226 7.7 1.4 x 1 0 - ~  

Th-230 17.4 4.2 x 1 0 - ~  

Ra-228 2.9 1.4 x 1 0 - ~  

Th-228 2.7 4.2 x 1 0 - ~  

Th-232 2.9 4.2 x 1 0 - ~  

PU-239, 40 1.1 2.5 x io-* 

Sr-90 1.3 2.0 x lo-’ 

Tc-99 4.6 2.5 x lo-’ 

6 .0  pCi/g 

0.4 

2.9 

0.01 

0.07 

0.004 

0.01 

0.01 

1 .2  

3 x 1 0 - ~  

0.26 



3499 
Q) 
07 
m .  
L 
0 rc 

I? 

0 
4 

x 
N - .E 

h 

0 
l-l 

x 
d 

4 

0 

0 

e 
0 

0 

N 

m - h 

v) m 

4 

0 

in 

l-l 

(v 

c 
-r 
m 
U 

co m 
4 

II c 

co 

? 
0 

x 
v) 

N 

l-l 

0 

0 
4 

x 
0 

N 

u 

0 

x 
Lo 

N 

4 

u r d  

0 0  

x x  
v ) N  

N -  

- 4  

T 
0 

x 
v) 

N 

4 

I? 

0 

X 

Ln 

4 

d 

0 

0 

x 
co 

4 

0 

0 
4 

x 
Io 

P 

0 

x 
co 

I-( 

0 

0 

x 
N 

4 

X 

3 
u 
\ 
CI, 

0 

x 
v) 

In 

P 

l-l 

0 

4 
0 

X 

v) 

v) 

P 

d 
0 

P 

d 
0 

x 
v) 

In 

0 

d 
0 

x 
m 
v) 

U P  

4 -  
0 0  

x x  
m i n  
L n v )  

0 

l-l 
0 

x 
v) 

in 

0 

d 
0 

X 

v) 

v) 

0 

l-l 
0 

0 

4 
0 

x 
m 

In 

x 
v) 

v) 

X 

v) 

L n  

x 

L E  
0 0 )  

L W  ! u 

m 
\ 

u 

W 

.r 

n 

P 

0 
d 

x 
m 

d 
0 

0 

h 
0 

0 

W 
N 

0 

d 

0 

0 

d 
O N  

0 l - l  

m 
N 0 

0 
d 

.) 

m 
m 
N 

I 
0 
CL 

w 
N 
N 

I 
m cz 

0 
m 
N 
I 

A= 
I- 

= 
N 
I 

m a 

Q) 
N 
N 
I r 

!- 

N m m  
N m  

I I r v  + +  

Q) 
m 
N 

v) 
m 
N 

I 
x 

e 
m 
N 
I 

x 

0 m 
I 
L 
v) 

I 
3 

55 



c 
0 
.C 

c, 
v) 
W m 
E .- 
W 

A= 
u 
m 
E 
v) 
J 

.r 

-0 
E m 
L 
m 
W 
h 
L 

A 

E 
rc 
0 

A 

7 
.r 

N 
QI 

re 
0 
c 
0 

w c ,  
I '  UY u 

.C 

7 
m 
J 
E c e 
a 
v) 
0 a 

L 
h 
1 
E a 
E 
u) 

e- 
m 
0 

m 
N 

d 

0 

0 

0 

0 

x 
Ln 

d 

CI 

0 

x 
d 

4 

VI 

0 

x 
h 

d 

CI 

0 

x 
m 

4 

m 
0 

0 

b 

0 

x 
N 

d 

m 
0 

L a  

h 

11 

aJ 
v) 
0 n 

x 

L 
h 1 
A 
N 
QI 

N 
QI 

x 

N m N 
QI 

N m N 
QI 

N 
QI 

N m N N N  
Q I Q I Q I  

v) Ul o m  
W L  

0 

56 a 



3497 
References 0 
1. Facemire, C.F., Jones, D.L. and Keys, R.W., Feed Materials Production Center 

Environmental Monitorinq Annual Reoort for 1984, NLO-2028, July 15, 1985, 
NLO, Inc., Cincinnati, Ohio. (p. 20, Fig. 7) ( p .  58, Table 6) 

2. Aas, C.A., Jones, D.L., and Keys, R.W. ,  Feed Materials Production Center 
Environmental Monitorinq Reoort for 1985, FMPC-2047, May 30, 1986, Westing- 
house Materials Co. o f  Ohio, Cincinnati, Ohio. 

3. Feed Materials Production Center Site Environmental Reoort for Calendar Year 
- 1989, FMPC-2200, June 25, 1990, Westinghouse Materials Co. of Ohio, 
Cincinnati, Ohio. 

4. U.S. Nuclear Regulatory Commission Branch Technical Position "Disposal or On- 
Site Storage o f  Thorium and Uranium Wastes from Past Operations" Fed. Req. 
Vol. 46, No. 205, Friday, October 23, 1981, p. 52061 f. 

5. 40 CFR 192 Uranium and Thorium Mill Tailinqs. Subpart B. Standards for 
Cleanup o f  Land and Buildings Contaminated with Residual Radioactive Material 
from Inactive Uranium Processi'ng Sites. 

6. Yu, C., et. al. A Manual for Imolementinq Residual Radioactive Materials 
Guide1 ines, 00E/CH/,8901 , Argonne National Laboratory, June, 1989. 

'!-' 5% 



3497 

APPENDIX I1 

c 

27 



)A STP.PLT F M P W W G  114  - -  92 

-+- 

0 
0 
0 

+ i s + + +  

- I - + + + +  

i s + + + + + i - i -  + + $ + + + +  
s + i  i + + + + + + + i t + i + + +  
+ +  t 

r + + + i + + + + + + +  
/-y, + + + s + + i i + +  

.. . . 
.'\ + + t + i + i + + i + + + + + + + + + + + + + + + + +  

. ?I! 
I 

I - I I I 1 

l,382,5 

l,383,0 

,383,5( 

3497 

59 



3497 

APPENDIX I11 

28 



I I 1 

.? c 

/.'- A 

/ 

AND DlOXlNrmRAN ANALYSES 

A A A A 
OLO INCINERATOR 

4 
I 

A 

I 
1 A 

1 
i 

dH-175 

A 

SLUDGE 
ORYlNC 

A 

1 

I 
As 

f 
! 

I 
FMPC pRoPm , 

A 
I I A I 

A 

A 

A A A 

I I $497 i 
I I 

I 

-7 
i 

I 
I 

! 
i 
i 
! 

I 

i 

! 
i 

7 
i 
! 
I 

I 
! 

1 

I 

1 
I - 
i ! 
i 
I 
I' 

i 
I 

lmEGmL2 
v FENCE I. 

ROADWAY 

FOR RADIOLDCICAL ANAL- 

HSL AN0 RAOlOLDClCAL ANAL== 

SCALE 

0 I 200 400 FEET A SURFPCE-SOIL SAMPLE LOCAnON 

I SURFACE-SOIL SAMPLE LOCATlON FOR 



3497 

APPENDIX I V  

' - '  62 
29 



SMS-EXM-91-018 
REV - 01 

. S I T E  MEDIA SAMPLING EXTRACTION METHODOLOGY 

FOR OBTAINING SOIL SAMPLES FROM METAL OVERPACK CONTAINERS 

I 

PREPARED BY: . DATE: dIL/q1 

REVIEWED BY: DATE: /$/h,/q I 

APPROVED BY: DATE: l o - b - 9  1 

1.0 PURPOSE i 

To establish a methodology for extracting represe7tative soil 
samples from metal overpack containers. A minimum o f  two composite 
samples per container will be required per this methodology for 
characterization purposes (m constituents & radio1 ogical 
analysis). 

2 . 0  DEFINITIONS 

2 . 1  SMS - Site Media Sampling , 

2 . 2  Sample Location - An area designated as a location to obtain 
a representative sample o f  soil. For this methodology, a 
sample area shall be approximately 2'(length) x l'(width) x 
4'(depth), and will be further divided into individual 
aliquots as follows 0" to 1 2 " ,  12" to 24", 24" to 36", and 36" 
to 48". 

2.3 CornPosite Sample - The combining o f  two or more aliquots of , 
a sample location. 

3.0 REQUIRED EQUIPMENT 

.-- 
A f-j 

I *  

Blue Ice '1 Stain1 ess Steel Auger 
Auger Extension Cooler 
T - Handle Deionized Water 
Stainless Steel Scoop Decon Sprayer 
Stainless Steel Buckets Decon C1 eani ng Sol uti on 
Stainless Steel Pans Bai 1 er Brushes 

Pq. 1 of 8 
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3 . 0  

4.0 

I 

‘ 3 . 0  

REQUIRED EQUIPMENT 

Secondary Containment Systems Polyethylene s h e e t i n g  
Ni tri 1 e G1 oves 
Measuring Tape Custody Tape 
Glass Sample Conta iners  
F ie ld  Logbook 

PERSONAL PROTECTIVE EQUIPHENT ( P P E I  

Thermometer 

Sample Label s 

NOTE - The following l i s t  o f  PPE i s  a minimal requirement f o r  e n t r y  
i n t o  a drum o r  c o n t a i n e r  where t h e  p o s s i b i l i t y  of. unknown hazardous 
c o n s t i t u e n t s  exist. 

- PPE 

Company Issued Clo th ing  
Coverall s 
Safe ty  Shoes 

Safe ty  Glasses . 
Saranex o r  Tyvek A n t i  - Contamination Clo th ing  
F u l l  Face R e s p i r a t o r  ( a i r  pu r i fy ing  dual purpose c a r t r i d g e )  
Nitri le Gloves 

SMS p r i o r  t o  the sampling o f  metal overpack c o n t a i n e r s  will c o n t a c t  
FEHP Radiological S a f e t y ,  and FEMP I n d u s t r i a l  Hygiene so  t h a t  
prel iminary surveys concern ing  worker s a f e t y  and h e a l t h  can be 
performed. SMS sampling activit ies will not be i n s t i t u t e d  u n t i l  (1) 
an FEMP S a f e t y  Work Permit and (2) an FEHP Radia t ion  S a f e t y  Work 
Permit, have been i s s u e d ,  and signed by the SHS l e a d  t e c h n i c i a n ,  and 
a l l  SMS sample team personnel .  

This l i s t  will be upgraded o r  downgraded according t o  i n s t r u c t i o n s  
r e l a t i v e  t o  the r e q u i r e d  permits. All permits will be ob ta ined  by 
the  SMS l ead  t e c h n i c i a n  o r  his des igna te ,  and will be present a t  a l l  
times during the sample e x t r a c t i o n .  

METHODOLOGY 

3.1 Contact the cogn izan t  f a c i l i t y  owner f o r  the approximate 
s to rage  l o c a t i o n  of the whi te  metal overpack c o n t a i n e r .  

PCI. 2 of a c 6 4 
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* 

3.2 

3.3 

3.4 
- 

3.5 

3.6 

3.7 

3.8 

3.9 

3.10 

Arrange with fac i l i ty  owner for a time and a place t h a t  
sampling of the contents ( so i l )  of the white metal overpack 
container can be init iated.  

Arrange with fac i l i ty  owner t o  provide a fork truck driver for 
the mov ng of container to  a designated sampling area. 

Arrange with fac i l i ty  owner t o  provide a chemical operator t o  
open wh t e  metal overpack containers. 

Contact FEMP Radiological Safety and Industrial Hygiene t o  
conduct a real time field survey of exposed contents. 

The SMS sampling team shall prepare a decontamination area as 
per EM-CS-001 Environmental Monitoring On-Si t e  Media Sampling, 
and a sample preparation area as follows. 

SAMPLE PREPARATION AREA - All samples will be prepared 
on clean polyethylene sheeting. Place 4 stainless steel 
pans on the polyethylene sheeting approximately 1” 
contiguous t o  each other ( for  composite sampling). 
Obtain the appropriate sample containers, proper 
closures, sample labels, cooler, blue ice, thermometer, 
an approved custody tape, and a clean stainless steel 
scoop. 

Obtain the appropriate PPE as prescribed in the completed 
permits. 

The SMS sampling team, wearing the appropriate PPE shall 
obtain a measuring tape, and divide the white overpack 
container into 16 grid sections. (Each individual grid shall 
be approximately 2’(length) x l’(width) x 4’ (depth). 

The individual grids shall be numbered 1 thru 16. 

Randomly select any of the 16 grid locations as a start ing 
point. The second grid shall be selected using a random 
number generator table as in attachment a (Instructions for 
use of the random number tab le  generator is also provided). 
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3.11 

3.12 

3.13 

3.14 

3.15 

3.16 

3.17 

3.18 

3.19 

3.20 

3.21 

3.22 

3.23 

After a l l  grids locations have been selected,  note g r i d  
selections into the f ie ld  logbook. 

The SMS technician wearing the appropriate PPE shall  obtain a 
s ta inless  steel  auger, w i t h  T handle, and an appropriate 
extension. 

Assemble the auger, appropriate extension, and T handle. 

Locate the center most p o i n t  of the selected gr id  and advance 
the auger into the g r i d  location. 

Deposit a l l  extracted material into a s t a in l e s s  steel bucket. 

Continue advancing the auger assembly into tha t  gr id  location 
until a l l  material ( so i l )  has been extracted 0" t o  48". 

Deposit a l l  extracted material into a clean s ta in less  s teel  
bucket. 

When the extraction of a l l  material ( so i l )  has been completed, 
the SMS technician shall transport the s t a in l e s s  s tee l  bucket 
t o  the sample preparation area. 

Using a s ta in less  steel  scoop, equally d i s t r ibu te  the 
extracted material between the four  s t a in l e s s  s teel  pans 
placed side by side i n  the sample preparation area. 

After a l l  material has been equally dis t r ibuted,  prepare the 
compos i t e  s amp1 e. 

Using a clean s ta inless  steel  scoop, thoroughly mix a l l  
material in each individual pan. 

After the mixing of material in each pan i s  completed, 
transfer the material in pan #1 t o  pan #2 ,  and the material i n  
pan #3 t o  pan #4. 

Using the s ta in less  steel  scoop, thoroughly mix the material 
now located in pan # 2  and pan #4.  

Pq. 4 of 8 
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3.24 After the mixing of material in pan #2 and pan #4 is 

3.25 Using the stainless steel scoop, again, thoroughly mix the 

completed, transfer the material in pan #2 to pan #4.  

material now located in'pan #4. 

3.26 After-the mixing of the material now located in pan #4 is 
completed, transfer the composited material to the proper 
sample containers. 

3.27 Properly close all containers using the appropriate closure 
and seal with an approved custody tape. 

3.28 Properly label all containers, and log the appropriate sample 
identification into the field logbook. 

3.29 Place all sample containers requiring cooling to 4OC into a 
cooler utilizing blue ice as the cooling media. 

3.30 Log all samples onto the appropriate SMS chain of 
custodylanalytical request form. 

3.31 Decontaminate all sampl ing equipment as per procedure EM-CS- 
001 Environmental Monitoring, On-Site Media Sampling. 

3.32 Obtain a decontaminated auger system and move to the next 
selected grid. 

3.33 Repeat 3.12 through 3.31. 

3.34 Decontaminate all sampling equipment as per procedure EM-CS- 
001 Environmental Monitoring, On-Site Media Sampling. 

3.35 Transport and re1 inquish a1 1 samples under chain of custody to 
the FEMP analytical Laboratory. 

I 
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ATTACHMENT A 

RANDOM NUMBER TABLE 

I 
03 47  43 73 86 36 96 47 36 6 1  * 46 98 63  7 1  62 
97 74 2 4  67 62 4 2  81 1 4  57 20 4 2  53 32 37 32 
16 76 62 2 7  66 56 SO 26 7 1  07 32 90 79 78 53 
1 2  56 85 99 26 96 96 68 2 7  31 OS 03 7 2  93 15 
S5 59 56 3s  64 38 54 82 46 22 31 62 43 09 90 
16 22 7 7  94 39 49 54 43 54 82 1 7  37 93 23 78 
84 4 2  1 7  53 31 S7 2 4  S 5  06 88 7 7  04 74  47 67 
63 01 63 78 S9 16 95 S5 67 19 98  10 SO 7 1  75 
33 2 1  12 34 29 78 64 56 07 82 52 4 2  07 44 38 
S7 60 86 32 44 09 4 7  27  96 54 49 1 7  46 09 62 

18 18 07 92 46 44 1 7  16 58 09 79 83 86 1 9  62 

23 42  40 64 7 4  82 97 7 7  7 7  81 07 45 32 1 4  08 
52 36 28 19 9 s  50 92  26 11 97 00 56 76 31 38 

26 62 38 97 7s 84 16  07 44  99 a 3  11 46 32 2 4  

37 a5 94 3s 1 2  83 39 so oa 30 4 2  34 07 96 a8 

70 29 1 7  1 2  13 40 33 20 38 26 13 a9 51 03 74  
S6 62 18 37 35 96 83 SO 87 75 97 1 2  25 93  47  
99 49 S7 22 77  88 4 2  95 45 72 16 64 36 16 00 
16 08 15 04 7 2  33 2 7  14 34 09 45 59 34 68 49 
31 16 93 32 43 SO 27 89 87 19 20 1 5  37 00 49 

- __ 

INSTRUCTIONS 

1. Starting at any corner, the SMS technician shall measure the length 
o f  the metal overpack container. Mark the length o f  the container 
in 2’ increments, and the width o f  the container in 1’ increments. 
When completed this will total 16 grids approximately 2’ length by 
1’ width by 4’ depth. 

, 

PQ. 6 o f  8 



3497 

SMS-EXN-91-018 
REV - 01 

2 .  Starting from any corner number each grid one through 16. 

3 .  Select any grid as a s tar t ing point. 

4 .  When using the random number table generator and t h i s  methodology, 
only use and/or select  grid numbers 1 through 16 for  sample point 
1 ocations. 

EXAMPLE 

I have selected as a start ing point grid #12.  Using the random 
number table on page 6 of 7,  the #12 i s  located in the f i r s t  column. 

NOTE: The sample grids selected for the sampling of metal 
overpack containers and this methodology contains a total  of 
16 grids. The numbers t o  be ut i l ized when randomly selecting 
the sample locations must fa l l  between 1 and 16. Never select  
the same number twice. 

Moving down t h i s  column of numbers, the next logical sample point i s  
grid number 16. The locations selected for t h i s  sample extraction 
then are grids #12 and #16. If I wanted another location I would 
proceed down th i s  column and find that the next available number in 
th i s  column i s  again 16. This number can not be selected again 
since i t  has been used previously. No other numbers are available 
that f a l l  between 1 and 16 in th i s  column. Moving t o  the right of 
the f i r s t  column t o  the second column and s t ra ight  down I find t h a t  
the next available number i s  1. This would be the next available 
sample location i f  desired. If more sample locations were needed 
the user would continue in th i s  method until a l l  sample location 
were selected. (See diagram. of overpack container pg. 8 of 8) 
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ANALYTICAL 
LABORATORY 
PROCEDURE 

1.0 SCOPE 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUM 
IN SOIL SMPLES BY ENERGY OISPERSIVE X-RAY 
FLUORESCENCE (EDXRF) SPECTROSCOPY AREA: Isotopic and 

METHOD 9011 

Orqanic Analysis 

This procedure establishes a method for quantitatively determining the 
concentrations of Uranium (U) and Thorium (Th) in soil by energy dispersive 
X-ray fluorescence (EDXRF) spectroscopy. 
system calibrated using ground soils from the plant site. Any soil samples 
that differ from this general composition (i.e. fertilizer or a sample of 
mostly rock) would have to be calibrated separately for X-ray analysis or 
analyzed by some other method. 
Squares Method of quantitation, that incorporates a least squares 1 inear 
calibration curve. 
grinding of s o i l s  is done by the Sample Receiving Lab). 

The method was developed and the 

The procedure uses the Kevex Instruments Least 

The results are on a dry sample basis (initial drying and 

Authorization: Per C I O  C90-035 Supersedes : 
W .  J. Never, Analytical Laboratory None 

2.0 PRINCIPLE 

Issue 
Date: 04-17-91 

2 . 1  The purpose of the procedure is to determine the concentration o f  Uranium (U) 
and Thorium (Th) in soil samples by Energy Dispersive X-Ray Fluorescence 
(EDXRF) spectroscopy. 

2 . 2  Energy dispersive X-ray fluorescence (EDXRF) spectroscopy uses high energy 
X-rays to excite electrons out of the inner atomic orbitals of the atoms 
which make up the sample. As an atom restabilizes, outer electrons drop into 
the inner orbitals and emit an X-ray whose energy is characteristic of the 
atom and that particular orbital transition. The emitted X-rays are detected 
via a sol id state detector [Si(Li)) and counted in discrete energy channels 
on a multi-channel analyzer (HCA) to form an energy spectrum. The spectrum 
is then processed in a number of ways: 1) to remove escape peaks; 2) to 
remove the background and X-ray source spectra; 3) to identify the peaks 

distribution to the peaks and deconvoluting any overlapping peaks. For this 
procedure, a program is written to acquire a spectrum using a Xolybdenum (Mo) 
secondary target to excite the sample, collect spectra for a multiple number 
of samples between 1 and 24, and simultaneously process the data without 
operator attendance. 
sample. The soil samples are ground into a fine powder using a tungsten 
carbide mixing vial and then pressed into a pellet in an aluminum sample 
holding cap. 

. present; and 4) to measure the peak intensities by fitting a Gaussian ' 

The program runs for approximatel-y 40 minutes per 

3.0 SPEC IAL APPARATUS 

3.1 KEVEX ANALYST 8000 instrument, that is a computer-based multichannel analyzer 
(MCA) with a keyboard, display terminal, and printer. 

3.2 KEVEX 770 SPECTROMETER, that houses the X-ray tube, secondary target turret, 
sample chamber and carousel, high voltage power supply, and detector. ,- . \  

- 
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3.3 SPEX HOOEL 8000 mixer/mill,  or equiva len t .  

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF)  SPECTROSCOPY 

Author i za t ion :  Per CIO C90-035 Supersedes : 
W .  3 .  Never, Ana ly t i ca l  Laboratory None 

QUANTITATIVE ANALYSIS OF URANIUM AHD THORIUM 
IN SOIL SMPLES BY ENERGY DISPERSIVE X-RAY 

3.4 Tungsten c a r b i d e  grinding/mixing v ia l  se t ,  t h a t  i nc ludes  two tungs ten  carb ide  
mixing b a l l s  for  use wi th  t h e  model 8000 mixer/mill .  

3.5  31 mm p r e - f l a r e d  aluminum sample holding caps. 

HETHOD 9011 

AREA: I s o t o p i c  and 

I s s u e  
Date: 04-17-91 

Orqanic Analysis 

3.6 31  nun d i e  press set  with two tungsten carb ide  p e l l e t s .  

3.7 Manual hydraul ic press  capable  of 25 ton load. 

3.8  K E V E X  316 stainless steel (5s) standard.  

3.9 K E V E X  2036 Cu-A1 s tandard  sample. 

3.10 Electronic pot ad jus t ing  screwdriver.  

3.11 Vacuum d e s i c c a t o r  . 
3.12 400 g r i t  sandpaper. 

4.0 REAGENTS 

Not a p p l i c a b l e .  

a 

5.0 SAFETY PRECAUTIONS 

5.1  S a f e t y  glasses s h a l l  be worn i n  the l a b o r a t o r i e s  a t  a l l  times. 

5.2 Do n o t  have t h e  X-rays on w i t h o u t  having the f r o n t  and s i d e  pane l s  of the 770 
s p e c t r o m e t e r  i n  place. The X-rays will not t u r n  on unless t h e  sample chamber 
l i d  i s  c l o s e d .  

5.3 The X-ray tube  port and the d e t e c t o r  window are covered with a t h i n  f r a g i l e  
f o i l  of be ry l l i um under vacuum. Beryllium metal i s  h i g h l y  toxic if  inhaled 
and i s  e a s i l y  a i rborne  i f  broken. 
p r e c a u t i o n s  s h a l l  be followed t o  remove the ’ f r agmen t s .  
c o n s u l t  t h e  manager o f  I n d u s t r i a l  Hygiene and S a f e t y  p r i o r  t o  removing the 
b e r y l 1  i u m  fragments. A r e s p i r a t o r  shall be worn. 

I f  the  be ry l l i um is  broken, special safe ty  
In such a case,  

5.4 The model 8000 mixer/mill shall be operated i n  a fume hood t o  prevent the 
f i n e  p a r t i c u l a t e  dust from being dispersed into t h e  a i r .  Sample loss coul 
o c c u r  i f  t h e  v ia l  i s  not  sealed or secured p rope r ly  i n  the mixer/mill.  

P, r’ 
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METHOD 9011 

Orqanic Analysis 

5 . 5  When c l ean ing  o u t  sample mixing v i a l s  wi th  coa r se  ground g l a s s ,  t h e  r e s u l t i n g  
f i n e l y  powdered g l a s s  s h a l l  be removed while working i n  an exhaus t  hood. 
F ine ly  powdered g l a s s  i s  a h e a l t h  hazard i f  inha led ;  i t  is  known t o  cause 
s i l i c o s i s  i f  exposed t o  on a r e g u l a r  b a s i s .  

5 .6  All personnel shall receive o p e r a t o r  c e r t i f i c a t i o n  from their  manager before 
they  can o p e r a t e  .the X-ray instrument. C e r t i f i c a t i o n  s h a l l  inc lude  t h a t  the 
o p e r a t o r  and the immediate s u p e r v i s o r  have read t h e  i n s t r u c t i o n  manuals and 
S e c t i o n  2 of the Radiation Control Manual. 

Au thor i za t ion :  Per C I O  C90-035 Supersedes : 
W .  J .  Never, Analy t ica l  Laboratory None 

5.7 When ope ra t ing -  the manual hydrau l i c  p r e s s ,  always bend a t  the knees r a t h e r  
than r i s k  back in ju ry .  

I s s u e  
Date: 04-17-91 

5 .8  When using compressed a i r  i n s i d e  the hood, l a t e x  g loves  shall be worn t o  
p reven t  a i r  bubbles from e n t e r i n g  t h e  blood stream through t h e  sk in .  

6.0 SAMPLE PREPARATION 

PROCEDURE COMMENTS 
J 

6 . 1  Grindinq the SamDle Items necessary f o r  sample grinding for  
6.1 a r e  shown i n  F igure  1. 

6 .1 .1  Measure approximately 15 Polyethylene scoops, which  a r e  
mi l l i l i t e rs  (mL) of a d r i e d  
soil sample us ing  a s p a t u l a  and 
a 15 mL p o r c e l a i n  c r u c i b l e .  

t ungs t en  c a r b i d e  mixing v i a l  
w i t h  two 7/16 i n .  t ungs t en  
c a r b i d e  b a l l s  and screw on the 
t o p  end o f  the v i a l .  

a v a i l a b l e ,  o r  any o t h e r  t ype  o f  
measuring device  can a l s o  be used t o  
measure out about 15 mL. 

6.1 .2  Pour the s o i l  i n t o  a clean I f  the v i a l  i s  not c l e a n ,  refer t o  
S tep  6.5 on how t o  c l e a n  the v i a l .  

Each eyd of the v i a l  must have a 
corprene  gaske t .  Try t o  keep the 
gaskets a l igned  i n  t h e  v i a l  end caps 
when screwing them t o g e t h e r .  

6.1 .2 .1  Write the sample l a b  number 
and the mixing vial  number 
on to  t h e  Sample Prepara t ion  
Log Shee t  (See F igure  2 ) .  
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QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 
I N  SOIL SAMPLES BY ENERGY DISPERSIVE X-RAY 
FLUORESCENCE (EDXRF) SPECTROSCOPY 

6.1.3 Place the vial inside the 
mixer/mill (Special Apparatus Figure 3 .  
3.3) and tighten down the 
holding clamp t o  secure i t .  

T h e  Mixer/Mill device i s  shown i n  

Authorization: Per C I O  C90-035 

6 . 1 . 4  Close the l i d  of the 
mixer/mill, se t  the timer for 
25 minutes, turn on the fume 
hood, then press the s t a r t  
b u t t o n .  

Supersedes : 

6.1.5 After 25 minutes has elapsed 
and the mixer/mill has stopped, 
open the mixer/mill l i d  and 
remove the vial .  

6.1.6 Remove one end cap of the vial. 
Use a pa i r  o f  clean tweezers t o  
remove the mixing bal ls  from 
the powdered sample. Place the 
b a l l  s i n  the removed end cap. 

6.2 Assemblinq the Die Press The d i e  press se t ,  shown 
consi s ts  of a cy1 indrical 

n Figure 4 ,  
die body, 

base, plunger, two tungsten carbide 
pellets (polished on one face), and a 

’ knock-out cup. 

6.2.1 To assemble and/or prepare the 
31 mn d ie  se t  for making a 
pressed sample, wipe o f f  with 
KEMWIPES, o r  equivalent, any 
residue from the following d i e  
pieces: the die base; inside 
of the d i e  body; the plunger; 
and the pel le ts .  

76 
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Orqanic Anal vsi s 

6.2.4.2 Write the d i e  press number 
o n t o  the Sample Prepara t ion  
Log Sheet (See Figure 1).  

Refer t o  Steps 6.4 and 6.5  
for s to rage  of the remaining 
sample and cleaning of the 
mixing v i a l .  

6.2.4.3 

PROCEDURE COHMENTS 

6.2.1.1 I f  the i n s i d e  of the d i e  Deposits o f  aluminum from the sample 
cup and sample ma te r i a l  o f t e n  b u i l d  u p  
on the a r e a s  noted. 

body, the s ides  of the 
pel le ts ,  o r  the plunger have 
mater ia l  depos i t s  on them 
t h a t  will not wipe o f f ,  use a 
p i e c e  of 400 g r i t  sandpaper 
t o  remove the  material  and 
then wipe them of f .  

6.2 .2  Place  the d i e  body on the base 
and g e n t l y  s l i d e  a tungs ten  
ca rb ide  pellet i n t o  the body 
w i t h  the polished s i d e  f a c i n g  
U P  - 
holding cap i n t o  the d i e  and 
p r e s s  i t  down f l u s h  w i t h  the 
pel 1 e t .  

Do no t  force t h e  p e l l e t  i n to ' t he  body. 
I t  could damage the p e l l e t .  

6.2.3 Place  an aluminum sample The holding caps  a r e  p r e f l a r e d  t o  f i t  
flush w i t h  the s i d e s  o f  the d i e .  The 
cap can be pressed  down flush e a s i l y  
using the round face of a piece of 1 
inch d iameter  b a r  s tock  metal .  

6.2.4 Using a s p a t u l a ,  t r a n s f e r  Do not a t tempt  t o  sc rape  off p o r t i o n s  
of the sample from t h e  v i a l  wall .  
Doing so could  contaminate the sample 
w i t h  tungs ten  from t h e  v i a l  and 
poss ib ly  wi th  the s p a t u l a  m a t e r i a l .  

Do not  tamp soil down by tapping  the 
d i e  body on to  the t a b l e  more than  a 
couple of times. Th i s  may cause  some 
p a r t i c l e  size segrega t ion .  

approximately one-ha1 f o f  the 
powdered sample i n t o  the d i e  
from the mixing v i a l .  

6.2.4.1 Level the material  o f f  i n  the 
d i e  wi th  t h e  spa tu l a .  
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6.2 .5  Gently s l ide the other pellet 
i n t o  the die body with the 
polished side facing down. 

6 .2 .6  Place the plunger on the t o p  of 
t h e  pellet ( w i t h  the beveled 
end facing u p )  and allow i t s  
weight t o  push the pellet down 
or gently push i t  down so as 
not t o  force the a i r  o u t  
quickly and cause dust t o  
emerge around the edges. 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 
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6.3 Pressina the SamDle 

METHOD 9011 
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Issue 
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Orqanic Anal vsi s 

6.3 .1  If the p la ten  of the hydraulic 
press i s  not low enough for the 
d i e  t o  f i t  between i t  and the 
top  o f  the press, release the 
pressure by turning the 
pressure release knob counter 
clockwise and pressing down on 
the platen u n t i l  there i s  room 
for  the die. 

6.3 .1 .1  Close the pressure release by 
turning the pressure release 
knob cl ockwi se. 

6 .3 .2  Center the die on the platen of 
the press. 

6.3.3 Pump the lever until  the 
pressure gauge reaches 25 tons 
( fu l l  scale). 

COHHENTS 

Do not force the pel le t  i n t o  the body. 

, 

The sample i s  pressed into a solid 
pel l e t  using the manual hydraul i c  
press. The manual hydraul ic  press i s  
shown in Figure 5. 

The platen i s  the f l a t  plate piece of 
the press which moves upward when 
pressure i s  applied. 

The pressure i s  most easily released 
when the knob i s  turned approximately 
3/4 of a t u r n .  

WARNING: A P IPE MY BE USED AS AN 
EXTENSION OF THE LEVER HANDLE 
TO 6ET BETTER LEVERAGE. BUT r 

I 1 HAY CAUSE THE PRESS TO-TIP.  

. <? 
i G  
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6.3.4 Allow the die t o  remain a t  fu l l  
pressure (25 tons)  for  a 
minimum of 1 minute. 

release knob counter clockwise 
t o  release the pressure. CAUTION: AVOID RELEASING THE PRESSURE 

6 .4 .5  Gradually turn the pressure The platen will slowly lower. 

QUICKLY AS I S  NOTED BY A 
HISSING SOUND. THIS MAY 
CAUSE THE SAHPLE PELLET TO 
FLAKE OR FRACTURE. 

6.3.6 Remove the die press and gently 
invert  the die, while holding 
onto the plunger, and s e t  i t  
o n t o  a t ab le ,  resting on the 
p l  unger . 

6.3 .7  Close the pressure release knob 
on the press by turning i t  
clockwise so the platen doesn't 
continue t o  drop. 

6.3.8 Twist off the base of the die  
and place the knock-out cup in 
i t s  place. 

6.3 .9  Remove the die press from the 
tab le  while holding onto the 
p lunger  and place i t  back on 
the  hydraulic press in i t s  
inverted position. 

6 .3 .10  If  the platen of the press is  
not low enough for the die t o  
f i t ,  release the pressure by 
turning the pressure release 
knob counter clockwise and 
pressing down on the platen. 

, d 
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6.3.10.1 Close the pressure release by 
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6.3.11 

6.3.12 

6.3.13 

6.3.14 
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turning the knob clockwise. 

Center the d ie  on the platen of 
the press. 

Hold the die body so t h a t  i t  
does n o t  drop when the pel le t  
i s  released from the die body 
and pump the lever of the press 
until the pe l le t  and sample i s  
1 oose. 

HETHOD 9011 

AREA: Isotopic and 

Issue 
Date: 04-17-91 

Orqanic Anal vsi s 

Gently remove the die from the 
press while holding the plunger 
from the bottom so the plunger 
does n o t  f a l l  and s l ide the d i e  
se t  onto  the table.  

Lift  the knock-out cup and 
remove the pressed soil pe l le t  
from between the two tungsten 
carbide pel le ts .  

6.3.14.1 Lay the pressed sample on the 
table with the exposed soil  
side up. 

6.3.15 

6.3.16 

COHHENTS 

CAUTION: HANDLE THE SAMPLE WITH CARE. 
THE W P L E  IS FRAGILE. 

Using a black marker, write the 
l a b  number on the aluminum back 
side of the pellet. 

If  the center area of the 
pe l le t  soil surface has a 
crack, then a new pellet  should 
be pressed out  for t h a t  sample. 
If  so, return t o  S tep  6.2, and 
use the remaining half of the 
powdered soil  in the mixing 
vial .  

R - MATERIAL REVISED,  ADDED, OR DELETED.  
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Page 9 of 80 

6.3.17 Write the analyst i n i t i a l s  and 
the date and time the sample 
was prepared on the Sample 
Preparation Log form (See 
Figure 1). 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 
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6.3.18 I f  the sample i s  n o t  going t o  
be analyzed within the next 24 
hours, place the pel le t  i n  a 
vacuum desiccator. 

METHOD 9011 

AREA: Isotopic and 

Issue 
Date: 04-17-91 

Orqani c Anal vsi s 

6.4 Storinq the SamDle Powder 

6.4 .1  Use a spatula to  remove the 
remaining ground portion of the 

a 
sample from the v ia l  and place 
i t  i n  a 13 mL plast ic  vial .  

6.4.1.1 Label the v i a l  using a black 
marker with the lab number 
and "fine grd". 

6.4.1.2 After f i l l i ng  the vial ,  
discard any excess soil i n  an 
appropriate mixed 
con t ami nated waste con t a i ner . 

6.4.1.3 Store the vial  for  a period 
of 90. 

6 .4.2 Use a spatula t o  transfer a 
portion of the original soil  , 

sample i n t o  another 13 mL 
p l a s t i c  vial. 

6.4.2.1 Label the vial using a black 
marker with the l a b  number 
and "course grd". 

COHHENTS 

A vacuum desiccator is  shown i n  
Figure 6 .  

The waste container shall be la,elecl 
"Finely Ground Glass and Soil Residue 
from X-Ray Lab Vial Cleaning Process". 

- NOTE: The vial is  stored for a recheck 
of the sample analysis i f  
required. 

..... 
Y 
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6.4.2.2 Store the vial for a period 
of 90 days. 
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6.5 Cleaninq the Vial 
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6.5.1 

6.5.2 

6.5.3 

6.5.4 

6.5.5 

6.5.6 

I 1 
2 .  e3 

Remove both end caps of the 
v i a l .  

Using t a p  water, rinse off a l l  
pieces except the corprene 
gaskets. 

Blow off loose material from 
the gaskets using compressed 
a i r  inside an operating exhaust 
hood. 

Wipe dry and then blow dry the 
rinsed metal pieces using a 
compressed a i r  l ine inside an 
operating exhaust hood. 

If  the corprene gaskets appear 
worn, replace with new ones. 

Assemble the vial and place the 
two balls inside and f i l l  i t  
half ful l  w i t h  coarse ground 
g l  ass. 

COHHEMTS 

- NOTE: The vial i s  stored for a recheck 
of the sample analysis i f  
required. 

The tungsten carbide g r ind ing  vial  i s  
cleaned w i t h  a water rinse and then by 
grinding coarse glass. The g r i n d i n g  
v i a l  consists of a cylindrical body, 
two end caps, two corprene gaskets and 
two tungsten carbide ball s. 

Dry the pieces immediately, as d i rec t  
below. Pieces rust very easi ly  a f t e r  
r i  ns i ng . 
CAUTION: WHEN USING COHPRESSED A I R  TO 

BLOW OFF LOOSE HATERIAL, 
ENSURE THE HOOD SASH I S  
PULLED DOWN TO THE POSITION 
OF YOUR ELBOWS. 

As a general rule, the gaskets can be 
rep1 aced every ten samples . 
Keep the gaskets aligned in the end 
caps when screwing them together t o  
prevent wear. 

0 
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Issue  
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6.5 .6 .1  To o b t a i n  c o a r s e  ground 
g l a s s ,  c rush  4 02. g l a s s  
sample j a r s  i n  a s t a i n l e s s  
steel  beaker.  

UARNINQ: DO NOT INHALE FINELY POWDERED 
GLASS. HANDLINC OF FINELY 
POWDERED CLASS SHALL BE I N  AN 
EXHAUSTED HOOD. REFER TO 

I ITEM 5.5. 

6 .5 .6 .2  Per,form the crushing  using a 
hammer o r  s i m i l a r  too l  wi th  a 
p i e c e  of p l e x i g l a s s  over the 
remaining p a r t  of the beaker.  

WARNING: THIS OPERATION I S  TO BE DONE 
IN A HOOD WITH THE SASH DOWN 
AS WUCH AS POSSIBLE AND THE 
ANALYST SHALL WEAR HEAVY 
RUBBER CLOVES, RUBBER APRON 
AND A SAFETY SHIELD. 

6.5.7 Place the v i a l  i n s i d e  the 
mixer/mill (Spec ia l  Apparatus 
3.4)  and t i g h t e n  down the 
holding cl amp. 

6.5 .8  Close the l i d  of the 
mixer/mill, set the timer f o r  5 
minutes, t u r n  on the fume hood, 
and then press the s t a r t  
bu t ton .  

6.5 .9  After 5 minutes has e lapsed  and 
the m i  xer/mi 11 has stopped, 
open the 1 i d  and remove the 
v i a l .  

6.5.10 In an o p e r a t i n g  exhaust hood, 
remove one end cap o f  the v i a l  
and use a p a i r  o f  clean 
tweezers t o  remove the mixing 
b a l l s  from t h e  powdered g l a s s .  

Two s e p a r a t e  p a i r s  of  tweezers should 
be des igna ted  for  removing the b a l l s ,  
one from the powdered g l a s s  and one 
from the powdered soil.  

6.5.10.1 Place  removed mixing b a l l s  
in to  removed end cap. 

r .  
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6.5.11 Discard the  powdered g l a s s  i n t o  
a waste container and 
disassemble the v i a l  again. 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 
I N  SOIL SAMPLES BY ENERGY DISPERSIVE X-RAY 
FLUORESCENCE (EDXRF) SPECTROSCOPY 

6.5.11.1 The waste containers s h a l l  be 
c o l l e c t e d  i n  5 g a l l o n  meta l  
p a i l s  labeled "Fine Ground 
Glass". The p a i l s  s h a l l  then 
be placed i n  50 g a l l o n  drums 
used f o r  laboratory  g l a s s  
waste removal. 

6.5.12 Wipe t h e  pieces w i th  a paper 
wipe. 

Au tho r i za t i on :  Per CIO C90-035 
W .  J . Never, Anal v t  i c a l  Laboratory 

I 
METHOD 9011 

Supersedes: 
None 

AREA: I s o t o p i c  and 

Issue 
Date: 04-17-91 

Orqanic Ana lys is  

The waste conta iner  should be l a b e l l e d  
"F ine l y  Ground Glass and S o i l  Residue 
from X-Ray Lab V i a l  Cleaning Process". 

Do n o t  use sandpaper on t h e  i n s i d e  o f  
t h e  v i a l .  It could cause t h e  nex t  
sample t o  be contaminated wi th  
tungsten. 8 

6.5.13 Blow o f f  loose mater ia l  f rom 
a l l  p ieces using compressed a i r  
i n s i d e  an operating exhaust 
hood. 

6.5.14 Assemble the v i a l  f o r  reuse or 
storage. 

6.6 Rinse c lean  the  crucible, spatulas, 
and tweezers, and dry  them f o r  
reuse. 

6.7 Proceed t o  Step 6.2 i f  o t h e r  s o i l  
samples need t o  be prepared. 

84 !', 2 Y +  
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I f  a t  any time i n  the procedure the 
keyboard appears  t o  be " locked up", 
t h a t  i s ,  not  responding, t r y  p r e s s i n g  
the CTRL key and the A s imul taneous ly  
t o  return t o  an * prompt. 
not  work,perform t h e  "Warm S t a r t "  
procedure l i s t e d  i n  Figure 7.  

I f  t ha t  does 

Page 13 of 80 

7.1.1 I f  the system is booted w i t h  
the most r e c e n t  copy of the 
"TOOLBOX MASTER COPY" i n  d i s k  
d r i v e  0 ,  hold the CTRL key down 
and t y p e  C twice u n t i l  a do t  
prompt appears  on the CRT 
d i s p l a y .  Then go t o  
S t ep  7.1.2.4.  

The software is  a l ready  booted up i f  
the  d i s k  is  i n  the d r i v e ,  the green  
l i g h t  i s  on, and an * prompt o r  d o t  
prompt i s  on the screen. 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Authorizat ion:  Per C I O  C90-035 Supersedes:  
W .  J .  Never, Analy t ica l  Laboratory None 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIUM 
I N  SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

7.1.2 I f  the system is  not booted, 
proceed wi th  the fol 1 owing 
s t e p s :  

METHOD 9011 

AREA: I s o t o p i c  and 

I s sue  
Date: 04-17-91 

Orqanic Ana lys i s  

7.1.2.1 Hold t h e  l abe led  end of the 
program d i s k  1 abel ed "TOOLBOX 
MASTER COPY" w i t h  the s i d e  
l a b e l  toward t h e  keyboard and 
i n s e r t  i t  i n t o  d i sk  d r i v e  0. f i l l e d  with d a t a .  

Refer t o  Figure 8. 

Use the most recent copy of the d i sk .  
Copies are s to red  a s  the d i s k s  are 

7.1.2.2 Turn t h e  load l eve r  cont ro l  
c lockwise.  The green d i s k  TURNING THE LOAD LEVER 
d r i v e  i n d i c a t o r  l i g h t  should 
f l a s h  for a period and then 
remain on. 

CAUTION: DO NOT REMOVE A DISK BY 

COUNTER CLOCKWISE AND PULLING 
ON THE DISK. T H I S  COULD 
D M 6 E  THE DISK AND THE DISK 
DRIVE. TO REMOVE THE DISK, 
FOLLOW STEPS 7.13 THROUGH 
7.15. 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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7.1.2.3 To turn on the d isp lay  
terminal o r  cathode ray- tube  
(€RT), p u s h  the button i n  the 
f ron t  on the lower r i g h t  
corner of the CRT. 

keyboard. 

The red l i g h t  e m i t t i n g  d i o d e  ( L E D )  t o  
the l e f t  o f  the but ton  should l i g h t  up 
when the CRT comes on. 

7.1.2.4 Press the PROGRAM key on the Figure 9 shows the keyboard. The 
program key is one of the ye l low 
"control  '' keys. 

A l i s t  of the program items will be 
d isp layed  on the d i s p l a y  te rmina l  . 

7.1.2.5 Selec t  "System Setup" from A l i s t  of the system s e t u p  items will 
be d isp layed  on the CRT. the displayed menu by 

pressing the keys 5 and 
RETURN on the keyboard. 

7.1.2.6 Se lec t  "Boot DEC Computer" A booting message will appear  on the 
from the d isp lay  menu by CRT: "BOOT>". 
pressing the keys 5 and 
RETURN on the keyboard. 

7.1.2.7 Press the RETURN key on t h e  
keyboard. 

7.1.2.8 To run the toolbox language, 
select item X (Run XRF 8000 
Toolbox) by pressing the 
RETURN key on the keyboard, 
s ince  item X is  the d e f a u l t  
sel e c t  i on. 

7.1.3 To recall t h e  l i b r a r y  f i l e  t h a t  
i s  cu r ren t ly  being used for 
s o i l  sample da t a  s torage,  type:  
LIB/ASS O=SOILF.KVX as an 
example and press  the  RETURN 
key on the keyboard. 

A t i t l e  page and t h e n  the RT-11 system 
menu will appear on t h e  CRT. 

This  runs a program c a l l e d  "set up". 
The computer recalls a system f i l e  
0:KEV770.3.0 and a l i b r a r y  f i l e  
O:MATRIX.l.O, and then d i s p l a y s  t h e  
toolbox prompt * on the d i s p l a y  
terminal . 
A new 1 i b r a r y  f i l e  is  c r e a t e d  whenever 
one i s  f i l l e d  wi th  da t a ;  t h e r e f o r e ,  the 
name t o  be r e c a l l e d  will change. 
format o f  the f i l e  names used is  
SOIL .KVX w i t h  a letter. The f i l e s  a r e  
c reafed  i n  a lphabet ica l  success ion .  

The 

1. -2  J 
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7.1.3.1 To determine i f  there i s  A message s i m i l a r  t o  the  f o l l o w i n g  w i l l  
appear: 

Un i t  # O  

Room f o r  XXX spectra 

enough space ava i lab le  i n  the 

press t h e  RETURN key on the 
keyboard. XX f i l e s  

1 i brary,  type  LIB/FREE and \ 

XXX f r e e  blocks 

7.1.3.2 If 2 t imes the  t o t a l  number 
of samples t o  be run i s  
g rea te r  than the  number o f  
spect ra t h a t  there i s  room 
fo r ,  then a new l i b r a r y  f i l e  
needs t o  be created. 

I f  a new l i b r a r y  f i l e  needs t o  
be created, proceed as fo l lows;  
otherwise, go t o  Step 7.2. 

Press t h e  CTRL and C keys on 
the  keyboard simultaneously 
t o  r e t u r n  t o  the RT-11 system 
menu. 

7.1.4 

a 
7.1.4.1 

7.1.4.2 Type U and press the RETURN 
key on t h e  keyboard t o  enter  
i n t o  t h e  u t i l i t y  software. 

7.1.4.3 Type 10 and press the RETURN 
key t o  s e l e c t  menu i tem 10, 
"Create a l a r g e  Kevex 

7.1.4.4 Type Y and press the RETURN 
key on t h e  keyboard 

L i b r a r y "  . B 

L, 2 * J  

R - MATERIAL REVISED, ADDED, OR DELETED. 

The u t i l i t i e s  menu w i l l  appear on the  
screen. 

The computer w i l l  respond with an 
in fo rmat ion  message and ask t h e  
question, "... Do you wish t o  
continue?" 

The computer w i l l  respond with ". . . 
Size  of  l i b r a r y  i n  blocks, 
(defaul  t=1600). 

87 



I 1; . ..._- 
WESTINGHOUSE MATERIALS COMPANY OF OHIO Page 16 of 80 

7 . 0  PROCEDURE (cont . ) 

ANALYTICAL 

PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Authorization: Per CIO C90-035 Supersedes : 
W .  3 .  Never, Analytical Laboratory None 

QUANTITATIVE AHALYSIS OF URANIUH AND THORIUH 
LABORATORY IN S O I L  SAMPLES BY ENERGY DISPERSIVE X-RAY 

PROCEDURE 

HETHOD 9011 

AREA: Isotopic and 

Is sue 
Date: 04-17-91 

Orsanic Anal ysi s 

7 . 1 . 4 . 5  Press the RETURN key to 
select the default size of 
1600 blocks. 

7 . 1 . 4 . 6  Enter the next successive 
file name, for example SOILG 
and press the RETURN key on 
the keyboard. 

7 . 1 . 4 . 6 . 1  If the computer indicates 
that the disk is full, see 
Figure 10 for the 
procedure on how to: 
format and initialize a 
new disk; copy the working 
disk over to the new disk; 
and delete old library 
files from the working 
disk. 

7 . 1 . 4 . 7  Press the RETURN key on the 
keyboard to exit the 
utilities menu,. 

7 . 1 . 4 . 8  Press the RETURN key again to . 
select menu item X, (Run XRF 
8000 Tool box). 

COHHENTS 

The following message appears, "A 
library name may be up to 6 letters 
long". 
will be added. 

The default extension of .KVX 

The computer will pause while creating 
the library and then return to the 
utilities menu. 

If the disk is full the following 
message will appear: "?PIP-F-Device 
full DL:SOILG.KVX WARNING! Some error 
has occurred in creating the new 
library. There may not be enough spac 

disk. NO NEW LIBRARY HAS BEEN 
for the request without squeezing the 

(Returning to main menu.. .please 
wait. ) "  

The computer will return to the RT-11 
system menu. 

The computer will recall the files as 
in Step 7 . 1 . 2 . 8  and display the'* 
prompt. 

7 - t  
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7.1.4.9 Assign the new l i b r a r y  t o  
v i r t u a l  memory group zero by 
t yp ing  LIB/ASS O= fol lowed 
by the new f i l e  name w i t h  the 
.KVX s u f f i x  and then press 
the RETURN key on the 
keyboard. 

t o  v i r t u a l  memo group one by 
t yp ing  LIB/ASS 1= fol lowed by 
the o l d  f i l e  name w i t h  the 
.KVX s u f f i x  and then press 
the RETURN key on the 
keyboard. 

7.1.4.10 Assign the o l d  l i b r a r y  f i l e  

Page 17 o f  80 

7.1.4.11 To copy the necessary f i l e s  
from the o l d  l i b r a r y  f i l e  t o  
the new l i b r a r y  f i l e ,  enter 
i n  the fo l l ow ing  commands 
which cause the computer t o  
query the f i l e s  o f  each 
f i l e t y p e .  Respond by 
enter ing Y and pressing the 
RETURN key on the keyboard 
f o r  those f i l e s  l i s t e d  i n  the 
comments and respond by 
pressing the RETURN key 
(which se lects  the  defaul t-N) 
f o r  those f i l e s  not  l i s t e d .  

Press t h e  CTRL and A keys on the 
keyboard simultaneously a t  any t i m e  
dur ing t h e  query process t o  r e t u r n  t o  
the * prompt. 

ANALYTICAL- 
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7.1.4.11.1 Type LIB/W IND/COPY f i l e t y p e :  f i les:  
*. .*=l:*. .* and press the 
RETURN key on the window BA-NORM-Mol 
keyboard. BA-MOD-MO1 

DEC-MO 

METHOD 9011 

AREA: I so top ic  and 

Issue 
Date: 04-17-91 

Orsanic Anal vs i s 

7.1.4.11.2 Type LIB/SPEC/COPY spectrum BLK-MO 
*. .*=I:*MO. .* and press 
the RETURN key on the 
keyboard. 

R 
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7.0 PROCEDURE (cont.) 

PROCEDURE 

7.1.4.11.3 Type LIB/MAT/COPY 
*..*=I:*..* and press the  
RETURN key on the  
keyboard. 

7.1.4.11.4 Type LIB/PRO/COPY 
*..*=l:*..* and press the 
RETURN key on the  
keyboard. 

MT'HOD 9011 

AREA: I s o t o p i c  and 

Issue 
Date: 04-17-91 

Orqanic Analysis 

7 . 1 .4 . 1 1 . 5  Type L I B/ LS/CO PY 
1 *..*=l:*..* and press the 

RETURN key on the  
keyboard. 

7.1.4.11.6 Type LIB/SYS/DEL *..* and 
press the  RETURN key on 
t h e  keyboard. 

7.1.4.11.7 Type LIB/SYS/COPY 
*. .*=1:*. .* and press the  
RETURN key on the  
keyboard. 

7.1.4.11.8 Type LIB/MAT/DEL *..* and 
press the  RETURN key on 
t h e  keyboard. 

7.2 Data Acau is i t i on  

7.2.1 Turn o f f  the  X-rays and r a i s e  
t h e  l i d  on t he  sample chamber. 

9, t, -* 
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7.2.1.1 To turn off the X-rays f i r s t  
reduce the vol tage and 
current to  at/or below 10 kV 
and 0.2 mA by following the 
steps below and then press 
the X - R A Y  OFF button on the 
K E V E X  770 Spectrometer. 

The X - R A Y  OFF b u t t o n  is  shown i n  
Figure 11. 

7 .2 .1 .1 .1  Press the kV key on the The KV key i s  one of the "user XRF" 
keyboard. keys shown in Figure 9. I f  the voltage 

level i s  greater than 20 kilovolts (kV) 
from the desired sett ing of 10 kV, then 
i t  must be stepped down in increments 
not greater than 20 kV. 
seconds a f t e r  each level i s  reached. 

Wait 30 

7.2.1.1.2 Enter the desired voltage 
level (10 kV) and then 
press the RETURN key on 
the keyboard. 

7.2 .1 .1 .3  Press the KV key on the 
keyboard again to  ex i t  the 
di spl ayed menu. 

7.2.1.1.4 Press the MA key on the  
keyboard. 

7.2.1.1.5 Enter the  desired current 
level (0.2 mA) and t h e n  
press the  RETURN key on 
the keyboard. 

' 

The MA key i s  one o f  the "user XRF" 
keys shown in Figure 9. If  the current 
level is  greater t h a n  0.5 milliampheres 
(mA) from the desired sett ing of 0.2 
mA, then i t  must be stepped down i n  
increments not greater than  0.5 mA. 
Wait 30 seconds a f te r  each level i s  
reached. 

R - MATERIAL REVISED, ADDED, OR DELETED.  
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7.0 PROCEDURE (cont.) 

PROCEDURE COHHENTS 

7.2.1.1.6 Press the MA key on the  
keyboard again t o  ex i t  the  
d i spl ayed menu. 

7.2.1.2 If  the l i d  t o  the sample 
chamber does not  open, the 
vacuum may have been l e f t  on. 
If so, perform the following 
steps t o  release the vacuum: 

7.2.1.2.1 

7.2.1.2.2 

7.2.1.2.3 

7.2.1.2.4 

7.2.1.2.5 

Pre 
the 

ss the ATMOS key on The atmos key i s  one of the "user XRF" 
keyboard. keys shown in Figure 9. This displays 

the atmosphere selection table. 

0 Type 1 to select  item 1 
( a i r )  and press the RETURN 
key on the keyboard. 

This selects  an a i r  atmosphere for 65; 
chamber. I 

Wait two minutes before 
proceeding . 
Type 5 and press the 
RETURN key on the 
keyboard. 

Press the ATMOS key on 
the keyboard t o  ex i t .  

7.2.2 I f  the energy calibration has 
not been reference checked 
w i t h i n  two weeks (check 
logbook), place t h e  316 
s ta in less  steel and 2036 Cu-A1 
standards on the wheel and 
proceed t o  Step 8.0. 

This turns the vacuum pump off.  

R - MATERIAL R E V I S E D ,  ADDED, OR D E L E T E D .  
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. 2 . 3  A molybdenum (Mo) secondary 
t a r g e t  i s  required i n  the 
secondary target  p o s i t i o n  Figure 12. 
number 3 ,  which i s  the standard 
p o s i t i o n  f o r  the s i l v e r  (Ag) 
secondary target.  I f  the Mo 
secondary target  i s  not  
i n s t a l l e d ,  perform the 
f o l l o w i n g  steps: 

The secondary ta rge t  t u r r e t ,  w i t h  i t s  
p l a t e  cover i n  place, i s  shown i n  

7 . 2 . 3 . 1  

7 . 2 . 3 . 2  

7 . 2 . 3 . 3  

7 . 2 . 3 . 4  

7 . 2 . 3 . 5  

7 . 2 . 3 . 6  

* ;-j 
5.' I-, 

Remove the sample wheel by 
t u r n i n g  the center knurled 
knob u n t i l  loose then l i f t .  

Remove the p la te  cover t o  the 
secondary target  t u r r e t  by 
unscrewing the two hex b o l t s  
which hold i t  i n  place. 

Remove the aluminum top o f  
t he  t u r r e t  by unscrewing the 
f o u r  ph i  11 i p s  screws and 
t u r n i n g  u n t i l  the top can be 
l i f t e d  o f f  w i th  the beveled 
edge below the X-ray tube 
c o l l  imator. 

Remove the bottom po r t i on  of 
t h e  t u r r e t  and push out from 
t h e  underside the secondary 
t a r g e t  occupying p o s i t i o n  
number 3.  

P1 ace the no secondary ta rge t  
i n  p o s i t i o n  number 3 .  

Replace the top and bottom 
p o r t i o n s  o f  the t u r r e t  and 

The screw holes i n  the t u r r e t  are 
o f f s e t  so t h a t  the toD and bottom 

p l a t e  cover i n  the manner 
which they were removed. 

i n  po r t i ons  a l i g n  i n  on ly  one way w i t h  the 
holes i n  the,base p la te.  

93 
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7.2.3.7 Replace the 24-position Do n o t  over tighten the center knob. 
sample wheel and turn the 
center knob a few turns to  
tighten. 

METHOD 9011 

AREA: Isotopic and 

Issue 
Date: 04-17-91 

Orqanic Analvsis 

7 .2 .4  There are two detector Figure 12 shows the detector  collimatcr 
collimators used on the area with the sample wheel removed. 
instrument, one made from Ag 
and one from tantalum (Ta) . 
The Ag detector col 1 imator is  
needed for this  analysis. I f  
i t  i s  not installed, follow the 
instructions below for changing 
the detector collimator. 

Remove the sample wheel by 
turning the center knurled 
knob until i t  i s  loose and 
l i f t i ng  the wheel up. 

7.2.4.2 Press the FILTER TARGET key 
on the keyboard. 

0 7.2.4.1 

The f i l t e r / ta rge t  key i s  one of the 
"user XRF" keys shown in Figure 9. 
This  d i  spl ays the "Fi 1 ter / target  
Pos i ti ons " t ab1 e. 

7.2.4.3 Press the SPACEBAR on the 
keyboard t o  move from the 
column labeled f i l t e r  to  the 
col umn 1 abel ed target.  

7.2.4.4 Select "Beam Dump" from the 
displayed menu by typing: 0 
and then pressing the RETURN 
key on the keyboard. 

This places the secondary ta rge t  wheel 
in position so t h a t  the collimator can 
be removed. 

7.2.4.5 Slide the detector collimator CAUTION: THE BERYLLIUH WINDOW MATERIAL 
o f f  of the detector snout 
slowly so as not t o  damage 
the beryllium window. 

IS FRAGILE AND TOXIC. 

See Safety Precaution 5.3.  

- 7  
c, : - L  

, r  
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7 .2 .4 .7  

7.2.4.8 

7.2.4.9 
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Carefully s l ide the other 
detector coll imator over the 
detector snout. 

HETHOD 9011 

AREA: Isotopic and 

Issue 
Date: 04-17-91 

OrQanic Analvsis 

P1 ace the unused coll imator 
behind the X-ray tube (as  
shown i n  Figure 12). 

Press the FILTER TARGET key 
on the keyboard t o  ex i t  the 
displayed table. 

Replace the sample wheel and 
t u r n  the center knob a few 
turns t o  tighten. 

7.2.5 I f  the 16-position sample wheel 
i s  in place in the chamber, 
remove i t  by turning the center 
knurled knob until i t  i s  loose 
and replace i t  with the 24 
pos i t i  on sampl e wheel. 

7.~2.6 Place the samples on the sample 
wheel with ID markings facing 
outward so the mark-ings can be 
read through the window. 

7.2.6.1 I f  there are any liquid 
samples in the chamber, 
remove them. 

7.2.6.2 Record sample position on the 
wheel on the Sample Position 
Form (See Figure 13).  

7.2.7 Release the sample chamber l id  
lock near the hinge, close the 
l i d ,  and turn on the X-rays by 
pressing the X-RAY ON b u t t o n  on 
the KEVEX 770 spectrometer. 

1 1  ? 

The spare collimator can then be seen 
through the chamber window so as t o  
quickly identify which collimator i s  i n  
p l  ace. 

Do not over tighten the center knob. 

One blank soil sample and one reference 
standard are t o  be run  with every ten 
samples. One recycle control i s  t o  be 
r u n  w i t h  every batch. 

Haintain the sample position form on 
f i l e  for reference. 

The interlock l ight  on the spectrometer 
should go off when the l i d  i s  closed. 

The X-ray on but ton  and the interlock 
l i g h t  are shown in Figure 11. 

95 
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7.2.8 Adjust  the v e r t i c a l  count scale 
t o  5000 counts per  second (cps) 
by pressing the  b lue  (up) and 
(down) arrow keys. 

The v e r t i c a l  scale i s  g iven  on the  l e f t  
hand s ide  on the  f o u r t h  l i n e  o f  the 
d isp lay .  

7.2.9 Set the pulse r a t e  as fo l lows: 

7.2.9.1 

7.2.9.2 

7.2.9.3 

Remove the  KEVEX 8000 This exposes the  model 4460 pulse 
instrument panel under the processor. 
keyboard by p u l l  i n g  outward. 

On the  model 4460 pul  se 
processor, push the  RATE 
pushbutton t o  se lec t  a pulse 
r a t e  o f  2. 

See F igure 14. 

Rep1 ace the  instrument panel. 

7.2.10 To set  the  vo l tage up, press The KV key i s  one o f  t he  "User XRF" 
keys shown i n  Figure 9. t he  KV key on the keyboard. 

7.2.10.1 Type 30 and then press the 
RETURN key on the  keyboard. 

This sets  the  vo l tage a t  30 kV. 

7.2.10.2 Press the  KV key on the  
keyboard again t o  e x i t  the 
d i  sp l  ayed menu. 

7.2.11 To se t  t he  current,  press the 
MA key on the  keyboard. 

The MA key i s  one o f  t h e  "user XRF" 
keys shown i n  Figure 9. 

7.2.11.1 Type 1.5 and then press the 
RETURN key on the  keyboard. 

7.2.11.2 Press the MA key on the  
keyboard again t o  e x i t  the 
d i  s p l  ayed menu. 

r&; E 
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7.2.12 Run the program which acquires 
and processes spectra for  each 
sample as fo l lows: 

F igure  15 shows the program named S O I L -  
MO t o  be run. Figures 16, 17, and 18 
show t h e  subrout ine programs c a l l e d  
NAMES, MO, and DEC-PRO. 

7.2.12.1 Type RUN SOIL-MO and press The comment statements i n  the  f i r s t  15 
l i n e s  o f  the program shown i n  Figure 15 
w i l l  be d isp layed momentarily, and then 
t h e  f o l l o w i n g  statement w i l l  be 
d isp layed:  ENTER FIRST SAMPLE 
POSITION. 

the  RETURN key on the  
keyboard. 

7.2.12.2 Type the sample wheel The f o l l o w i n g  statement w i l l  then be 
p o s i t i o n  of the  f i r s t  sample d isp layed:  ENTER LAST SAMPLE POSITION. 
t o  be analyzed and press the  
RETURN key on the  keyboard. 

- 
7.2.12.3 Type the  sample wheel The statement ENTER SAMPLE LABELS WHEN 

PROMPTED w i l l  be displayed, fo l lowed by 
SAMPLE NO. ( f i r s t  sample pos i t i on )  
NAME. 

p o s i t i o n  o f  the  l a s t  sample 
t o  be analyzed and press the  
RETURN key on the keyboard. 

7.2.12.4 Type the l a b  number o f  the  
sample i n  the  sample wheel 
p o s i t i o n  s ta ted  by the  
computer and press the  RETURN 
key on the keyboard. 

r, 
L : >  
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COHMENTS PROCEDURE 

The instrument will now operate 
unattended until the sample analyses 
are complete. 

7.2:12.5 Repeat Step 7.2.12.4 until 
all the sample lab numbers 
have been entered. 

The instrument will run for 
approximately 40 minutes per sample. 
Each sample will have a spectrum 
acquired upon it. The spectrum will be 
saved, printed, and then processed. A 
peak identification list will be 
printed. The background will be 
removed and the net integral peak 
intensities of U and Th will be 
determined, saved in results file, 
printed out. 

When the program is completed, the word- 
FINISHED will be displayed and the 
asterisk prompt will appear below it. 

7.2.12.6 Confirm that the printer "on 
line" indicator is lit; if 
not, push the button. 

7.2.12.7 Check that the printer has 
enough paper for the results 
to be printed out. Three to 
four sheets are printed per 
sample. If there is not 
enough, put more paper in the 
printer. 

The U and Th concentrations are 
calculated separately using the 
intensity data stored in the results 
file. 

7.3 Ouantifvinq the Data 

\ 

'P 9. i, 
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For each sample, examine t h e  
p r i n t o u t  which g ives  t h e  n e t  
i n teg ra l  peak i n t e n s i t i e s  ( i t  
i s  e n t i t l e d  GAUSSIAN 
DECONVOLUTION). I f  t h e  c h i  - 
squared value i s  g rea te r  than 
100, then the r e s u l t s  a r e  
i n v a l i d .  I f  so, examine t h e  
spectrum and ID l i s t  t o  
determine why the  peak f i t  was 
so poor. 

7.3.1.1 The fo l l ow ing  ins t rumenta l  
a 

COHMENTS 

e r ro rs  are poss ib le  causes 'o f  
h igh c h i  -squared va lues , and 
i n  these cases, t h e  problem 
should be cor rec ted  and the  
samples rerun. 

7.3.1.1.1 Improperly se t  up 
e x c i t a t i o n  c o n d i t i o n s  such 
as the  wrong secondary 
ta rge t .  

7.3.1.1.2 A window f i l e  missing, 
i.e.: no t  copied i n  . 
Step 7.1.4.11. 

t 

The chi-squared value i s  a measure o f  
the degree o f  peak f i t  t o  a Gaussian 
d i s t r i b u t i o n  curve. The chi-squared i s  
measured throughout t h e  deconvol u t i  on 
window region; from 7.780 k i l oe lec t ron -  
v o l t s  (KeV) t o  15.340 KeV. The 
fo l l ow ing  elements are in tegra ted  i n  
the deconvolut ion process: W; Pb; Th; 
Rb; U; S r ;  and Y. 

N o t i f y  the  l a b  supervisor t o  
inves t iga te  the cause o f  the  h igh c h i -  
squared va l  ue. 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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7.3.1.2 The following errors are 
possible causes of  high chi- 
squared values, and in these 
cases, the sample cannot be 
run properly by this method 
and will have to be submitted 
for analysis by some other 
method. 

' 

Page 28 of 80 

7.3.1.2.1 One of the interfering 
elements integrated i s 
h i gher i n concentrat i on 
than normal and interferes 
in the integration of U 
and Th. 

Soils with high Pb levels can interfere 
with the integration. 
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7.3.1.2.2 An element that is not 
integrated and not 
normally found in the 
spectrum interferes with 
the integration of U and 
Th. 

METHOD 9011 

AREA: Isotopic and 

I ssue 
Orqanic Anal ysi s 

7.3.2 Refer to the printout that There are two calibration curves 
gives the U and Th peak established for U, one at a low 
intensities for each sample concentration range and one at a high that was determined to be concentration range. Upon initiating 
valid. Based on the following the proper program, the following 
criteria, run the appropriate message will appear: "Enter Sample 
program to quantify the U and 
Th. 

Name [I:". 

7.3.2.1 If the U peak intensity is 
less than or equal to 49.76 
counts/second then type RUN 
UL and press the RETURN key 
on the keyboard. 
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7.0 PROCEDURE (cont.)  

PROCEDURE COMMENTS 

7.3.2.2 I f  t h e  U peak i n t e n s i t y  i s  
g rea te r  than 49.76 
counts/second then type RUN 
UH and Dress the RETURN key 
on t h e  keyboard. 

Enter  t h e  sample l a b  number and 
press t h e  RETURN key on the 
keyboard. 

The computer w i l l  generate two pages. 
The f i r s t  page q u a n t i f y i n g  U and the 
second page quan t i f y i ng  Th. The 
fo l l ow ing  messages t h a t  t h e  computer 
may generate should be ignored: 
"Warning [276] (U or Th) i s  "OUT" or 
absent i n  LS f i l e " :  "Warnina r1941 

7.3.3 

.v .- 
Extrapolated value f o r  (U o r  Th)". 

7.3.4 

7.3.5 

7.3.6 

Repeat Steps 7.3.2 t o  7.3.3 t o  
q u a n t i f y  each sample i n  which 
t h e  chi-squared value was found 
t o  be acceptable. 

Assemble the data f o r  each 
sample and staple together. 

To d e l e t e  a second r e s u l t s  f i l e  
i n  t h e  computer which contains 
a d u p l i c a t i o n  o f  t he  r e s u l t s  
data,  en te r  the fo l l ow ing  
command which w i l l  cause the 
computer t o  query the  resu l t s  
f i l e s  w i t h  a version 2 s u f f i x  
name. Respond t o  each f i l e  
name query by en ter ing  Y and 
p ress ing  the RETURN key on the 
keyboard t o  de lete t h a t  f i l e .  

There are 5 data sheets f o r  each 
sampl e. 

Th is  i s  performed t o  conserve memory 
space i n  the 1 i brary. 

7.3.6.1 Type LIB/RESU/DEL*.2.0 and 
press the RETURN key on the  
keyboard. 

I ; j  1. 
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7.4  VerifvinQ the Rel iabi l i tv  of the 
- Data 

Issue 
Date: 04-17-91 

7 .4 .1  Examine the resu l t s  from the 
blank sample(s). If  the 
results are above the minimum 
detection l imits (MDL) for  U, 
and/or Th,  proceed as follows: 

COHMENTS 

Before the resul ts  can be reported, t h e  
results from the b lanks  and the 
reference standards must be checked. 

The reported minimum detection limits 
(MDL) are  11 ppm for U and 18 ppm for 
Th. 
r e l i ab i l i t y  of the blank sample data i s  
presented in the flowchart form i n  
Figure 19. 

The logic flow i n  verifying the 

7.4.1.1 Prepare and rerun the blank 
sample from the original 
container. 

7.4.1.1.1 If the r e su l t s  of the 
second t r i a l  are below the 
detection 1 imits, prepare 
and rerun the blank a 
t h i r d  time t o  determine 
which resu l t  i s  valid.  

7.4.1.1.2 If the resu l t s  of the 
second t r i a l  are above the have occurred between samples of 
detection l imi t s  (similar 
in magnitude t o  the 
original resu l t )  then th i s  
indicates t h a t  cross for  analysis. 
contamination occurred in 
the preparation process 
performed by the Sample 
Receiving Lab (SRL). 
Notify the SRL t o  have 
them determine which 
unknown samples were 
prepared a t  the same time 
as the blank. 

If  decided that cross contamination may 

significant (measurable) magnitude, 
then those samples should be reprepared 
by Sample Receiving Lab and resubmitted 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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PROCEDURE COMMENTS 

7.4.1.2 If the blank is found after If the blank is verified by the third 

above the detection limits may be due 
to cross contamination in the X-Ray Lab 
sample preparation or to sample mix-up 
during the data acquisition. 

the third trial to be below trial to be below the detection limit, 
the detection limits, then then the initial results which were 
rerun the original pressed 
pellet for that blank sample. 

Page 31 of  80 

7.4.1.2.1 If the results of the 
second trial on the- 
original pellet are the 
same as the original 
result, this indicates 
either mismarking of the 
original blank sample with 
another sample or 
contamination occurred in 
the X-Ray Lab preparation. 
Inform the lab supervisor 
and make a note of the 
problem in the logbook. 
A l s o  examine the sample 
preparation log sheet and 
the analysis results to 
see if a sample-to-blank 
mismarking may have 
occurred (See 
Step 7.4.1.3) or if cross 
contamination may have 
occurred from perhaps a 
high level sample to the 
blank (See Step 7.4.1.4). 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Authorization: Per C I O  C90-035 Supersedes: 
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7.0 PROCEOURE 

PROCEDURE 

7.4.1.2.2 
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7.4.1.3 I f  

ANALYTICAL 

PROCEDURE 
LABORATORY 

(cont. ) 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 

FLUORESCENCE (EDXRF) SPECTROSCOPY 
IN SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

COMMENTS 

Authorization: Per CIO C90-035 
W .  3 .  Never, Analytical Laboratorv 

If the results of the  
second t r i a l  a r e  below the 
detection l imit ,  th is  
indicates  a mix-up i n  the  
i n i  t i a1 sample posi t ioning 
or  enter ing of sample 
names. Examine t h e  o ther  
r e su l t s  and t h e  sample 
posit ion form t o  see where 
a mix-up may have 
occurred. I f  i t  i s  
obvious where the mix-up 
occurred t h e n  rerun the 
necessary samples t o  
confirm this,  c o r r e c t  the 
data,  and proceed t o  
Step 7.4.2. 

i t  i s  atmarent from the 

Supersedes : 
None 

data where' a mismarking has 
occurred then prepare and 
rerun the necessary sample(s) 
t o  confirm this.  

7.4.1.3.1 

7.9.1.3.2 

I f  a mismarking i s  
confirmed from the repeat 
data t h e n  r e p o r t  the 
correct  d a t a  and mark the 
or iginal  d a t a  a s  a sample 
mix-up. 

I f  a mismarking i s  not 
confirmed from the repeat 
data then cross 
contamination o r  outs ide 
contamination must have 
occurred. 

I d " ? J  ' 
I 
/METHOD 9011 

AREA: I so topic  and 

Issue  
Date: 04-17-91 
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7.4.1.4 If it is not apparent from 
the data that mismarking has 
occurred then either cross 
contamination or outside 
contamination must have 
occurred. Examine the sample 
preparation log sheet and 
analysis results to see if 
sample carry over or cross 
contamin-ation may have 
occurred from perhaps a high 
level sample to the blank, 
i.e., from mixing vial or die 
set. 

7.4.1.4.1 If there is evidence of 
possible sample carry over 
from a high level sample 
to other sample(s), rerun 
the samples which were 
possibly affected 
(including the blank). 
Mark the original results 
as invalid due to cross 
contamination and report 

I the repeat results. Y 

7.4.1.4.2 If there is no evidence 
of sample carry over then 
the contamination is from 
an outside source which 
may not be limited to a 
few samples. The entire 
sample run is then invalid 
and should be reprepared 
and rerun. 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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NOTE: High contamination level samples 
should have been screened with a 
Geiger-Muel ler counter and 
marked as high by the Sample 
Receiving Lab. Precautions then 
should have been taken in their 
preparation to avoid sample 
carry over. 
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7.0 PROCEDURE (cont . ) 
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PROCEDURE 

7.4.2 Examine the results from the 
standard sample(s) . Compare 
the results t o  the tabulated 
resul ts  of t h a t  standard from 
previous analyses and any 
analyses by Process Control 
Lab. 

ANALYTICAL 

PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 
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7.4.2.1 If  -the results are  w i t h i n  f 
two times the standard 
deviation, then the data is  
considered acceptable and so 
proceed t o  Step 7.4.3. 

I f  the results are  not i n  
agreement w i t h i n  2 two times 
the standard deviation, from 
the mean then proceed as 
fol l  ows. 

reference sample from the 
original container. 

7.4.2.3.1 If the second t r i a l  i s  

7.4.2.2 

a 

7.4.2.3 Prepare and rerun the 

n o t  the same as  the 
in i t ia l  resu l t s ,  then run 
a t h i r d  time t o  determine 
which result  i s  valid. 

METHOD 9011 

AREA: Isotopic and 

Issue 
Date: 04-17-91 

Orqanic Analysis 

COMMENTS 

The logic flow i n  verifying the 
re1 iabi l i ty  of the reference standard 
data i s  presented i n  flowchart form i n  
Figure 24. 

The tabulated reference standard d a t a  
for the standards currently i n  use are 
kept i n  the room w i t h  the instrument. 

If  the results d i f f e r  by more than  one 
times the standard deviation of the 
mean then they are said t o  disagree 
with each other. 

2 1  't b . 3- 
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7.4.2.3.2 
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I f  the  second t r i a l  i s  
t he  same as the i n i t i a l  
r e s u l t s ,  t h i s  i nd i ca tes  
t h a t  the c a l i b r a t i o n  curve 
i s  inaccurate. This i s  
due t o  a change i n  the  X -  
ray energy f l u x .  The 
unknown sample r e s u l t s  are 
i n v a l i d  as they are 
q u a n t i f i e d  now. A f a c t o r  
c a l l  ed the Reference 
Moni tor  Rat io ,  which 
ad jus ts  f o r  changes i n  the  
X-ray energy f l ux ,  needs 
t o  be calculated. See 
F igure  20 t o  ca l cu la te  and 
en te r  i n t o  the computer 
f i l e s  the Reference 
Moni tor  R a t i o .  

METHOD 9011 

AREA: I s o t o p i c  and 

Issue 
Date: 04-17-91 

Orqanic Ana lys is  

COMMENTS 

- NOTE: If more than one re fe rence  
standard was run  i n  a ba tch  then 
the  r e s u l t s  from bo th  o f  them 
should be p r o p o r t i o n a l l y  o f f  
f rom t h e i r  es tab l  i shed mean 
values i f  the  inaccuracy i s  due 
t o  a change i n  the  X-ray energy 
f l u x .  

A change i n  the  X-ray energy f l u x  can 
r e s u l t  from a changing or r e a l i g n i n g  o f  
t he  X-ray tube o r  changing o f  t h e  h igh  
vol tage power supply. A lso  t h e  X-ray 
energy f l u x  can change g r a d u a l l y  as 
would be i nd i ca ted  by a gradual  bu t  
steady change i n  the  t a b u l a t e d  
reference standard r e s u l t s .  

0 
Once the  Reference Mon i to r  R a t i o  Value 
i s  entered i n t o  the  proper  f i l e s ,  the  
present run o f  samples can be 
requant i  tated. 

7.4.2.4 I f  the  second and t h i r d  The e r r o r  i n  the  i n i t i a l  r e s u l t s  may be 
due t o  cross contaminat ion i n  t h e  X-ray 
l a b  sample prepara t ion  or t o  sample 
mix-up i n  the  da ta  a c q u i s i t i o n .  

t r i a l s  o f  the reference 
standard agree w i th  each 
o the r  and they f a l l  w i t h i n  i 
two t imes the standard 
d e v i a t i o n  from the mean va lue 
o f  t h e  tabulated resu l t s ,  
then reanalyze the o r i g i n a l  
pressed p e l l e t  f o r  t h a t  
standard. 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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7.4.2.4.1 If the results of the 
second t r i a l  on the 
original pellet are the 
same as the original 
result, th is  indicates 
either a mismarking of the 
or ig ina l  reference sample 
w i t h  another sample o r  
t h a t  contaminat ion 
occurred i n  the X-Ray Lab 
preparation. Inform the 
lab supervisor and make a 
note of the problem in the 
log book. Also examine 
the sample preparation log 
sheet and the analysis 
results to  see i f  a 
sample- to-reference 
mismarking may have 
occurred (See 
Step 7.4.2.5) or  i f  cross 
contamination may have 
occurred from perhaps a 
high level sample t o  the . 

reference (See 
Step 7.4.2.6). 

. -  
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7.4.2.4.2 If the results of the 
second t r i a l  agree w i t h  
the tabulated results, 
this  indicates a sample 
mix-up in the i n i t i a l  
sample positioning o r  
entering of sample names. 
Examine the other results 
and the sample position 
form to  see where a mix-up 
occurred. Then rerun the 
necessary samples t o  
confirm this. Correct the 
da ta ,  and proceed t o  
Step 7.4.3. 

b-, !.! .i 
e 
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7.4.2.5 I f  i t  i s  apparent f r o m  the 
data where a mismarking has 
occurred then prepare and 
rerun the necessary sample( s )  
t o  conf i rm t h i s .  

ANALYTICAL 

PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 
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7.4.2.5.1 I f  a mismarking i s  
confirmed f r o m  the repeat 
data then r e p o r t  the 
co r rec t  data and mark the 
o r i g i n a l  data as a sample 
mix-up. 

METHOD 9011 

AREA: I s o t o p i c  and 

Issue 
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Orsanic Ana lvs is  

7.4.2.5.2 I f  a mismarking i s  not 
confirmed from the repeat 
data then cross 
contamination o r  outside 
contamination must have 
occurred. 

7.4.2.6 I f  e i t h e r  cross contamination 
o r  outside contamination i s  
suspected, then examine the 
sample preparat ion l o g  sheet 
and analysis r e s u l t s  t o  see 
where sample c a r r y  over o r  
cross contamination may have 
occurred from perhaps a h igh 
l e v e l  sample t o  the  blank, i e  
from the  mixing v i a l  o r  d i e  
set .  

- NOTE: High contamination l e v e l  samples 
should have been screened w i t h  a 
Geiger-Muel l e r  counter and 
marked as h igh by t h e  Sample 
Receiving Lab. Precaut ions then 
should have been taken i n  t h e i r  
preparation t o  avoid sample 
ca r ry  over. 

e 
109 
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7 . 4 . 2 . 6 . 1  I f  the re  i s  evidence o f  
poss ib le  sample c a r r y  over 
f r o m  a h igh l e v e l  sample 
t o  o ther  sample(s), re run  
the samples which were 
poss ib l y  a f fec ted  
(i n c l  ud i  ng the  b l  ank) . 
Mark the  o r i g i n a l  r e s u l t s  
as i n v a l i d  due t o  cross 
contamination and r e p o r t  
t he  repeat resu l t s .  

of  sample c a r r y  over, i t  
i s  assumed t h a t  the 
contamination i s  from an 
outs ide source, which may 
not  be l i m i t e d  t o  a few 
samples. The e n t i r e  
sample run i s  then i n v a l  i d  
and should be prepared and 
rerun. 

7 . 4 . 2 . 6 . 2  I f  there i s  no evidence 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 
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7 . 4 . 2 . 7  

METHOD 9011 
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COMHENTS 

I f  the  three r e s u l t s  on the  
reference standard a1 1 
disagree with each other, tubing i s  r a p i d l y  degrading. Another 
t h i s  i nd i ca tes  an i n s t a b i l i t y  
i n  the X-ray energy f l u x .  
The unknown sample r e s u l t s  
a r e  i n v a l i d .  A s t a b i l i t y  
t e s t  needs t o  be run on t h e  
instrument t o  v e r i f y  t h a t  i t  
i s  unstable. ( N o t i f y  t he  l a b  
supervisor who w i l l  run a 
s t a b i l i t y  t e s t  using an 
instrument computer program.) 

An i n s t a b i l i t y  i n  the  X-ray energy f l u x  
can be an i n d i c a t i o n  t h a t  t h e  X-ray 

p o s s i b i l i t y  i s  t h a t  t he  power source i s  
not  working proper ly.  

7 . 4 . 3  

. 

I f  the r e s u l t s  f r o m  both the  
blanks and reference standards 
check out, then the  r e s u l t s  can 

j- i. be reported. 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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Author iza t ion :  P e r  C I O  C90-035 
W .  J. Never, Analy t ica l  Laboratory 

PROCEDURE 

Supersedes : 
None 

COMMENTS 

7.4.3.1 Enter the  reference standard 
resu l t s  i n t o  the t a b l e  o f  U 
and Th values f o r  t h a t  
reference standard. 

7.4.3.2 The analyst  checking the 
t r a n s c r i p t i o n  and q u a l i t y  o f  
the data signs and dates the 
top o f  t he  f r o n t  data sheet. 

7.5 I f  there are more samples t o  be 
analyzed, r e t u r n  t o  Step 7.1.3.1. 

7.6 Press the ATMOS key on the  
keyboard. 

7.6.1 Type 1 t o  se lec t  i tem 1 ( A i r )  
and then press the RETURN key 
on the keyboard. 

The chamber i s  now a t  atmospheric 
pressure. 

7.6.1.1 Wait two minutes before 

7.6.2 Type 5 t o  s e l e c t  i t em 5 (Pump 
o f f )  and press the RETURN key 
on the  keyboard. 

proceedi ng . 

7.6.3 Press the  ATMOS key on the 
keyboard t o  e x i t  t h e  displayed 
menu. 

7.7 Turn o f f  the  X-rays by pressing the 
X-RAY OFF bu t ton  on the  770 
spectrometer. 

7.8 Raise the sample chamber l i d  and 
remove the  samples. 

7.9 Complete Steps 7.2.3.l.to 7.2.3.7 
t o  replace- the  Ag secondary ta rge t  
f o r  the Mo secondary ta rge t .  

* . ,  
!.f 1. l. 

MATERIAL REVISED, ADDED, OR DELETED. 
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The X-RAY OFF bu t ton  i s  shown i n  
Figure 11. 

. .  . .  
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7.0 PROCEDURE (cont . ) 
PROCEDURE 

7.10 Release the  sample chamber l i d  l ock  
near the hinge, c lose  the  l i d ,  and 
t u r n  on the  X-rays by pressing the  
X-RAY ON bu t ton  on the  770 
spectrometer. 

ANALYTICAL 
LABORATORY 
PROCEDURE 

7.11 Type CONT/kV=40 and press the 

7.12 Type CONT/mA=0.9 and press the 

RETURN key on t h e  keyboard. 

RETURN key on t h e  keyboard. 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 
IN SOIL SAMPLES BY ENERGY DISPERSIVE X-RAY 
FLUORESCENCE (EDXRF) SPECTROSCOPY 

0 7.13 Hold the CTRL key down and press 
the  C tw ice  u n t i l  a do t  prompt 

Author izat ion:  Per C I O  C90-035 

appears on the  CRT. 

nex t  t o  the  i n d i c a t o r  l i g h t  on d i s k  
d r i v e  0 (See F igure  8) .  

7.14 Press the unload o r  release but ton 

Supersedes : 

7.14.1 W a i t  u n t i l  t h e  l i g h t  goes ou t  
before proceeding. 

7.15 Turn the l e v e r  ho ld ing  the  data 
c a r t r i d g e  d i s k  i n  p lace on d i s k  
d r i v e  0 counter  c lockwise and 
remove the  c a r t r i d g e .  

8.0 STANDARDIZATION 

PROCEDURE 

8.1 Enerqv C a l i b r a t i o n  Check 

COMHEHTS 

METHOD 9011 

AREA: I so top ic  and 

Issue 
Date: 04-17-91 

Orsanic Analvs is  

The spect rometer  i s  now i n  i t s  i d l e  
c o n d i t i o n s  w i th  the  vo l tage a t  40 kV 
and t h e  c u r r e n t  a t  0.9 mA. 

This sp ins  down the  d i s k  d r ive .  
green l i g h t  w i l l  f l a s h  for a few 
seconds. 

The 

See F i g u r e  8.  

COMHENTS 

The energy c a l i b r a t i o n  i s  t o  be checked 
with a re fe rence  sample o f  316 
s t a i n l e s s  s t e e l  w i t h i n  a two week 
per iod  b e f o r e  samples are analyzed. 
Check t h e  l o g  book f o r  t he  date o f  the 
l a s t  check (See Figure 21). 

1 
R - MATERIAL REVISED, ADDED, OR DELETED. . 



E I N G H O U S E  MATERIALS COMPANY OF OHIO 

8 . 0  STANDARDIZATION (cont.) 
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8.1 .1  Follow Steps 7.1 .1  through 
7.1.2.8 i f  the system i s  n o t  
"booted up". 

ANALYTICAL 

PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Author i za t ion :  Per C I O  C90-035 Supersedes : 
W .  3. Never, Analytical Laboratory None 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIW 
LABORATORY IN SOIL SAMPLES BY ENERCY DISPERSIVE X-RAY 

8.1.2 Complete Steps 7 .2 .1  and 7 .2 .6  
i f  the 316 s ta in less  steel and 
2036 Cu-A1 standards are not on 
the wheel or  i f  there are 
liquid samples i n  the  chamber 
which need t o  be removed. 

HETHOD 9011 

AREA: Isotopic  and 

Issue 
Date: 04-17-91 

Oraanic Analvsis 

8.1 .2 .1  Place the Kevex 316SS and 
2036 Cu-A1 standards on the 
sample wheel . 

8.1.2.2 Remove liquid samples from 

8.1 .3  Release the sample chamber l i d  
lock near the hinge, close the 
l i d ,  and turn on the  X-rays by 
pressing the X - R A Y  ON button on 
the KEVEX 770 spectrometer. 

8.1.4 To position the 316SS sample 
for the check of the energy 
cal i brat ion press the SAMPLE 
key on the keyboard. 

the chamber. 
r 

8.1.4.1 Type the sample wheel 
position number in which the 
316SS standard i s  located and 
press the RETURN key on the 
keyboard. 

COMHENTS 

The interlock l i g h t  on the spectrometer 
should go off when the l i d  i s  closed. 
The X-ray on bu t ton  and the interlock 
l ight are shown in Figure 11. 

The sample key i s  one o f  the "user XRF" 
keys shown i n  Figure 9. 

This displays the sample position 
tab1 e. 

As an a l ternat ive you can just type: 
CONT/POS "position number", then press 
the return key on the keyboard. 
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8 .1 .4 .2  Press the  SAMPLE key on the  
keyboard t o  e x i t  t he  
d i spl  ayed menu. 
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8 .1 .5  Type RE/MAT CALIB and press the 
RETURN key on the keyboard. 

METHOD 9011 

AREA: I so top ic  and 

Issue 
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Orqanic Analysis 

8.1 .6  To automat ica l ly  se t  up the  
e x c i t a t i o n  condi t ions f o r  the 
316SS sample type : 
CONT/COND 1 and press the 
RETURN key on the keyboard. 

Proceed as fo l lows t o  change 
t h e  pulse r a t e  t o  2 o r  t o  
v e r i f y  t h a t  i t  i s  s e t  a t  2. 

8 .1 .7  

8.'1.7.1 Remove the  KEVEX 8000 
ins t rument  panel under the  
keyboard by p u l l  i n g  it toward 
you rse l f .  

processor, push the  
appropr ia te RATE pushbutton 
t o  se lec t  t he  pulse r a t e  t o  
be used. 

8.1 .7 .2  On the  model 4460 pulse 

8.1.8 S e t t i n g  o f  appropr iate 
deadt ime. 

8 . 1 . 8 . 1  Press the  mA key on the  

COMHEHTS 

This r e c a l l s  t he  ma t r i x  f i l e  f o r  
running the  standard samples. 

The f o l l o w i n g  cond i t ions  should be s e t  
up: 
pu lse r a t e  1) A i r ,  20 eV/ch 60 sec. 
l i v e t i m e .  

Ag Target #3, 40 kV 0.5 mA ( f o r  

See F igure 14. 

The p r e l  iminary cond i t ions  j u s t  set up 
need t o  be adjusted t o  achieve a 50%+5% 
deadtime count r a t e  f o r  t he  sample. 

The mA key i s  one of the "User XRF" 
keyboard. keys shown i n  F igure 9. 

*. d 

' 1. .i! 
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PROCEDURE 

8 . 1 . 8 . 2  

8.1.8.3 

Type the proper current shown 
i n  the t a b l e  for pulse ra te  2 
and press the RETURN key on 
the keyboard. 

Press the mA key on the 
keyboard t o  exi t  the 
displayed menu. 

8 .1 .9  To acquire a spectrum, press 
the ACQUIRE key on the 
keyboard. 

remove the escape peaks by 
typing PRO/ESC and press the 
RETURN key on the keyboard. 

8.1.10 After the spectrum i s  acquired, 

8.1.11 Type ID/AUTO/PR and press the 
RETURN key on the keyboard. 

8.1.11.1 Confirm t h a t  the pr inter  "on 
l ine"  indicator i s  l i t ;  i f  
not press the button. 

8.1.12 Type: PRO/WIND/Cl and press 
the RETURN key on the keyboard. 

8.1.13 Type: ACQ/CL and press the 
RETURN key on the keyboard. 

COHHENTS 

To achieve nominally 50% deadtime on 
the 316SS standard sample, use the 
currents below: 

Pulse Rate Current (mA) 
1 0.5 
2 0 .8  
3 1 .2 
4 1.7 
5 2 . 5  

e The computer will  acquire data for  t h  
preset 1 i vet  ime of 60 seconds. 

The computer will draw the escape 
peaks, subtract them and add them t o  
the primary peak. 

The computer will printout a l i s t  of 
peak energies and possible 
identifications . 
One peak will be Fe K-alpha and another 
will be the Ho K-alpha. 

.. 
This clears the spectrum. 

R - MATERIAL REVISED,  ADDED, OR DELETED.  
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PROCEDURE COMMENTS 

8.1.14 Check the Fe K-alpha and Mo K- 
alpha peak energies t o  see i f  
they are w i t h i n  the f o l l o w i n g  
ranges : 
Fe K-  a1 pha. . . . 6.40kO. 01 keV; 
Mo K-alpha.. .. 17.4420.02 keV. 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Author izat ion:  Per C I O  C90-035 Supersedes: 
W.  J. Never, Ana lv t i ca l  Laboratory None 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 
I N  SOIL SMPLES BY ENERGY DISPERSIVE X-RAY 

8 .1 .14 .1  I f  the energies are w i t h i n  
spec i f i ca t i on  f o r  the pulse 
r a t e  se t t i ng  o f  2 t o  be used 
i n  subsequent analyses, then 
the instrument i s  considered 
t o  be proper ly ca l  i b r a t e d  and 
you can proceed t o  Step 8.3.  

METHOD 9011 

AREA: I s o t o p i c  and 

Issue 
-Date: 04-17-91 

Orqanic Anal vs i s  

8.1.14.2 If the energies a r e  outs ide 
speci f icat ion,  proceed t o  
Step 8.2. 

8.2 Autocal i b r a t i o n  Procedure 

8 .2 .1  I f  no t  i n  pos i t ion,  p o s i t i o n  
t h e  standard t o  be used f o r  
c a l i b r a t i o n  by fo l l ow ing  Steps 
8.1.4 through 8.1.4.2. 

I f  o n l y  heavy elements are t o  be 
analyzed, use the  316SS standard; 
otherwise, use the  2036 Cu-A1 standard. 

Heavy elements would be considered t o  
be elements above Fe i n  the  p e r i o d i c  
tab1 e. 

8.2.2 S e t t i n g  up e x i t a t i o n  condi t ions 
f o r  the s p e c i f i c  standard used. 

8 .2 .2 .1  I f  the 316SS standard i s  
being used, condi t ion code 1 
i s  already set from Step 
8.1.5 and 8.1.6, so proceed 
t o  Step 8.2 .3 .  

R - MATERIAL REVISED, ADDED, OR DELETED. 



ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Author izat ion:  Per C I O  C90-035 Supersedes : 
W .  3. Never, A n a l y t i c a l  Laboratory None 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIM 
I N  SOIL SAMPLES BY ENERGY DISPERSIVE X-RAY 

8.0 STANDARDIZATION (cont.) 

PROCEDURE 

8.2.2.2 I f  t h e  2036 Cu-A1 standard i s  
t o  be used type CONT/COND 2 
and press the RETURN key on 
the  keyboard t o  change the 
exc i  t a t  i on  condi t ions.  

METHOD 9011 0 
AREA: I s o t o p i c  and 

Issue 
Date: 04-17-91 

Orqanic Anal v s i s  

8.2.3 On t h e  pu lse  processor press 
t h e  appropr ia te  RATE pushbutton 
t o  s e l e c t  the  pulse r a t e  2 t ha t  
w i l l  be used i n  subsequent 
analyses. 

8.2.4 Press t h e  mA key on the  
keyboard. 

8.2.4.1 Type i n  the  proper cur ren t  
f o r  pu l se  r a t e  2 and press 
t h e  RETURN key on the  
keyboard. 

v z !. 

COMMENTS 

WARNING: NO LIQUID SAMPLES CAN BE I N  
THE CHAMBER FOR THIS VACUUM 
CONDITION. 

Ensure the l e v e r  t o  the  hel ium i n l e t  
l i n e  i s  perpendicu lar  t o  the  l i n e .  The 
fo l low ing  cond i t ions  should be set up: 
D i rec t  Target No. 8, 13 kV 0.01 mA ( f o r  
pulse r a t e  1) Vacuum, 10eV/ch 60 sec. 
1 i vet  ime . 
See Figure 14. 

The cur ren t  i s  s e t  according t o  the 
pulse r a t e  which was j u s t  se t  t o  
achieve nominal ly  50% deadtime as 
fo l lows: 

Pulse Current 
Std. Rate (A) 

2036 
2036 
2036 
2036 
2036 
3 16SS 
316SS 
316SS 
316SS 
316SS 

1 0.04 
2 0.06 , 

3 0.09 
4 0.13 
5 0.22 
1 0.50 
2 0.80 
3 1.20 
4 1.70 
5 2.50 

See comment i n  Step 8.2.4 t o  determine 
the proper mA s e t t i n g .  
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8.2 .4 .2  Press the mA key on the 
keyboard t o  e x i t  t he  
d i  spl  ayed menu. 

8.2 .5  Press the PROGRAM key on the  
keyboard. 

The program key i s  one o f  t he  'cont ro l  
keys" shown i n  Figure 9. 

8.2.5.1 Type 4 t o  se lec t  i t em 4 (SELF 
TEST) and then press the  
RETURN key on the  keyboard. 

8.2 .5 .2  Type 4 t o  se lec t  i tem 4 (EDC 
Cal i b r a t  i on) and then press 
the  RETURN key on the  
keyboard. standard . 

I n  the  menu d isp layed on t h e  terminal ,  
i tem 5 should be 1.487 f o r  t he  2036 
standard o r  6.400 f o r  the 316SS 

I t e m  6 should be 8.041 f o r  2036 
standard o r  17.443 f o r  316SS standard. 

EDC i s  an abbrev iat ion f o r  energy- 
d i g i t a l  converter. 

Refer t o  the  comment from Step 8.2.5.2 
for the appropr iate value. 

8.2.5.3 If i t e m  5 or 6 ("Desired low 
peak") and ('Desired h igh  
peak") are cor rec t ,  proceed 
t o  Step 8.2.5.4; otherwise, 
proceed as fo l lows.  

8.2.5.3.1 Type the  i t em number t o  
be corrected and press the  
RETURN key on the  
keyboard. 

8.2.5.3.2 Type the  c o r r e c t  value as 
given i n  comment 8.2.5.2 
and press the  RETURN key 
on the kevboard. 
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8.0 STANDARDIZATION (cont.) 

PROCEDURE COHMENTS 

8.2.5.3.3 Repeat the above step (b) 
u n t i l  values f o r  i t e m  5 
and 6 a r e  correct ,  .then 
proceed t o  the next step. 

Author izat ion:  Per C I O  C90-035 

8.2.5.4 Type 1 and press the RETURN 
key on the  keyboard. 

Supersedes : 

8.2.5.5 I f  the  au oca l i b ra t i on  i s  not  
successful ,  repeat 
Step 8.2.5.4 once. 

8.2.5.5.1 If t h e  autoca l ib ra t ion  i s  
s t i l l  no t  successful, a 
manual c a l i b r a t i o n  w i l l  
have t o  be performed. 
Fol low the procedure i n  
F igure  22. 

8.2.5.5.2 If t h e  autoca l ib ra t ion  
was successful,  proceed t o  
Step 8.3.5.6. 

8.2.5.6 Push t h e  PROGRAM key on the 
keyboard t o  e x i t  the 
d i  s p l  ayed menu. 

c.9 .-?I ,- 

AREA: I s o t o p i c  and 

Issue 
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This  w i l l  execute the  EDC c a l i b r a t i o n  
r o u t i  ne. 

It w i l l  acqui re  spectra,  measure the 
peak p o s i t i o n s ,  and a d j u s t  the  gain and 
o f f s e t  i t e r a t i v e l y  u n t i l  t h e  desired 
accuracy i s  reached o r  20 i t e r a t i o n s  
have occurred. 

a The d e s i r e d  accuracy as s e t  by i t e m  2 
i n  t h e  menu i s  0.003 keV. This  i s  the 
inst rument  d e f a u l t  va lue and i t  should 
not  be changed. 

A t  t h e  end i t  w i l l  e i t h e r  d i sp lay  
"Autocal  i b r a t i o n  successful  " o r  a 
f a i  1 u r e  message. 

See F i g u r e  22 f o r  t h e  mania1 
c a l i b r a t i o n  procedure. 
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8 . 3  Post C a l i b r a t i o n  Procedure This p e r t a i n s  t o  recording the  
c a l i b r a t i o n  informat ion,  re leas ing  the 
vacuum on t h e  chamber, and c l e a r i n g  the 
screen. 

8 . 3 . 1  Enter i n t o  the  instrument l o g  
book the energy c a l i b r a t i o n  
check data, i f  a c a l i b r a t i o n  
was performed and a t  what pulse 
ra tes  and whether manual 
adjustments were made. 

8 . 3 . 2  I f  the  sample chamber i s  under 
a vacuum, release as fo l lows: 

8 . 3 . 2 . 1  Press the ATMOS key on the 
keyboard. 

8 . 3 . 2 . 2  Type 1 t o  s e l e c t  a i r  and then 
press the  RETURN key on the 
keyboard. 

The chamber i s  now a t  atmospheric 
pressure. 

8 . 3 . 2 . 2 . 1  Wait 2 minutes before 
proceeding . 

8 . 3 . 2 . 3  Type 5 t o  turn,pump o f f  and 
then press the  RETURN key on 
the  keyboard. 

8 . 3 . 2 . 4  Press t h e  ATMOS key on the  
keyboard t o  e x i t  d isplayed 
menu. 

8 . 3 . 3  To erase MLD markers 'on the 
screen : 

8 . 3 . 3 . 1  Press t h e  PROGRAM key, type 
1 , press the  RETURN key, and 
then press the  CLEAR key on 
t h e  keyboard. 

$2 i' 
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10.1 The accuracy of the energy discrimination established by the autocal ibration 

10.2 The system is recalibrated when the accuracy falls below the deviations give 
The peak positions are known to an accuracy of f 0.001 keV. 

10.3 The automatic identification matching criterion is normally set at a 

is 0.003 keV. 

in Step 8.1.11. 

deviation of f 2 channels. 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 

FLUORESCENCE (EDXRF) SPECTROSCOPY 
I N  SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

10.4 The automatic identification sensitivity criterion is set for a minimum peak 
to background ratio of 0.50. 

11.0 QUALITY ASSURANCE 
9 One blank soil sample and one reference standard sample are run for every 10 

unknown samples and one recycle sample is run for every set of samples. 

Authorization: Per CIO C90-035 

12.0 REFERENCES 

Supersedes: 

Kevex Analyst 8000 User's Manual. 

13.0 FIGURES 

13.1 Figure 1 - Sample Grinding Items 
13.2 Figure 2 - X-Ray Lab Log o f  Sample Preparation 

13.3 Figure 3 - Mixer/Mill Device 
- -  - 4- 
i : 3 !{" 
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13.4 Figure 4 - 31mm Die Press Set 

13.5 Figure 5 - Manual Hydraulic Press 
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13.6 Figure 6 - Vacuum Desiccator 

13.7 Figure 7 - Warm S t a r t  Procedure 

13.8 Figure 8 - Disk Drive 0 I l l u s t r a t i o n  

13.9 Figure 9 - Program Keyboard 
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13.10 Figure 10 - Procedure t o  Format, I n i t i a l i z e  and Copy a Disk 

13.11 Figure 11 - X-RAY OFF Button 
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AREA: Isotopic  and 

Issue 
Date: 04-17-91 

Orctanic Analysis 

13.12 Figure 12 - Secondary Target Turret 

13.13 Figure 13 - Sample Pos i t i on  Form 

13.14 Figure 14 - Model 4460 Pulse Processor 
I 

13.15 Figure 15 - Program Procedure F i le  SOIL-MO 

13.16 Figure 16 - Program Procedure F i le  NAMES 

13.17 Figure 17 - Program Procedure File MO 

13.18 Figure 18 - Program Procedure File DEC-PRO 

13.19 Figure 19 - Verifying the Re l i ab i l i t y  of t h e  Blank  Sample Data 

13.20 Figure 20 - Procedure for Calculating t h e  Reference Monitor Rat io  

13.21 Figure 21 - General Information on Standardization of KEVEX 770 EDXRF 
System 

13.22 Figure 22 - Manual Cal ibrat ion Procedure 

1$23 Figure 23 - Verifying t h e  Re l i ab i l i t y  of the Reference Standard Data 
i'. -2 .I 
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METHOD 9011 

AREA: I s o t o p i c  and  

I s s u e  
Da te :  04-17-91 

O r q a n i c  A n a l y s i s  

I 

Lab No. .----.-.--...--.-- 

I- 

Hlxlng 
V I a l  No. -..-..-- 

I- 

Die 
P r e s s  No. ..---..-- 

1 Analyst 
In( tl a1 s ..-..--.- 

X-RAY LAB LOG OF SAMPLE PREPARATION 
F i g u r e  2 
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IISAUPLL HOLDIN0 CAP 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

A u t h o r i z a t i o n :  P e r  C I O  C90-035 Supersedes:  
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& -, t- 31m DIE PRESS SET 
F i g u r e  4 
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MANUAL HYDRAULIC PRESS 
F i g u r e  5 
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A u t h o r i z a t i o n :  Per C I O  C90-035 Supersedes : 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIUn 
I N  SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

R - MATERIAL REVISED, ADDED, OR DELETED. 

METHOD 9011 

AREA: I s o t o p i c  and 

I s s u e  
Orclan i c Anal  y s i  s 
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ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

A u t h o r i z a t i o n :  P e r  C I O  C90-035 Supersedes : 
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DESICCATOR 

MfTHOD 9011 
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Issue 
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1.0 Press the CLEAR and t h e  HELP keys 
simultaneously on the  keyboard. 

The keyboard i s  shown i n  Figure 9. 
c l e a r  key i s  one o f  t he  " c o n t r o l "  keys 
and the  help key i s  one o f  the "user 
XRF" keys. 

The 

Page 57 o f  80 

1.1 The Kevex Corporat ion 
logo w i l l  appear f o r  a 
few seconds and then t h e  

. d i s p l a y  w i l l  read "Kevex 
Analyst R06-24 warm 
s t a r t  " . 

ANALYTICAL 

PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

W .  3 .  Never, Ana ly t i ca l  Laboratorv None 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIUH 
LABORATORY I N  SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

. Author izat ion:  Per C I O  C90-035 Supersedes : 

2.0 Press the RETURN key on the A quest ion mark and then an @ symbol 

t he  machine 1 anguage prompt. 
keyboard. w i l l  appear on the  d i sp lay .  The "9" i s  

METHOD 9011 

AREA: I s o t o p i c  and 

Issue 
Date: 04-17-91 

OrQanic Analysis 

3.0 Repeat Steps 7.1.2.4 through 
7.1.2.9 o f  the procedure t o  reboot 
the system. 

. *  WARM START PROCEDURE 
Figure 7 ;! 1 ,  .1. 

R - MATERIAL REVISED,,ADDED, OR DELETED. 
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Indicaior l i g h t  ’ 

ANALYTICAL 

PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

A u t h o r i z a t i o n :  Per C I O  C90-035 Supersedes : 
W .  J. Never ,  A n a l v t i c a l  L a b o r a t o r v  None 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 
LABORATORY I N  SOIL SANPLES BY ENERGY DISPERSIVE X-RAY 

i se 
’ i sh  

HETHOD 9011 

AREA: I s o t o p i c  and 

I ssue 
D a t e :  04-17-91 

O r s a n i c  Anal v s i  s 

DISK ORIVE 0 ILLUSTRATION 
F i g u r e  8 + I C :  5 

, . . 4  ‘“ 

l3# 
R - MATERIAL REVISED, ADDED, OR DELETED. 
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PROCEDURE 

I I 

1 1 - 
"User XRF' Keys For " I c ' ? n t i f i c a t i o n "  Keys "Display' Keys 

"Control '  Keys Seperat ion Contro l  I 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 
I N  SOIL SAMPLES BY ENERGY DISPERSIVE X-RAY 
FLUORESCENCE (EDXRF) SPECTROSCOPY AREA: I s o t o p i c  and 

HETHOD 9011 

Orqan ic  A n a l y s i s  

PROGRAH KEYBOARD 
F igure  9 

A u t h o r i z a t i o n :  Per C I O  C90-035 Supersedes : 
W .  3 .  Never,  A n a l y t i c a l  L a b o r a t o r y  None 

R - MATERIAL REVISED, ADDED, OR DELETED. 

Issue  
Date:  0 4 - 1 7 - 9 1  



OPERATIONS DOCUMENT PROGRAM 

1. 

2.  

3 .  

Revision No. 0 

4 .  

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Authorization: Per C I O  C90-035 Supersedes : 
W .  J. Never. Analytical  Laboratory None 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 
I N  SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

5.  

6 .  

HETHOD 9011 

AREA: I so top ic  and 

Issue  
Date: 04-17-91 

Oraanic Anal vsi s 

Follow Steps 7 .1 .1  through 7.1.2.2 
i f  t he  system i s  not  "booted up" 
with the working d i s k  copy i n  d i s k  
d r i v e  0 and a d o t  prompt present .  

Hold the l abe l l ed  end o f  a new d i sk  
with the s ide  l a b e l  toward the 
keyboard and insert i t  i n to  d i s k  
drive 1. 

T u r n  the load Lever Control 
c l  ockwi se. 

Type: 
RETURN key on the keyboard. 

RUN FORM10 and press  the  

Type: INI/VOL/BAD DL1: and press 
the RETURN key on the keyboard. 

Type i n  Y and press t h e  RETURN key 
on the keyboard. 

Refer t o  Figure 8. 

The green d i s k  d r i v e  ind ica to r  l i g h t  
should f l a s h  f o r  a per iod and then 
remain on. 

CAUTION: NEVER REHOVE A DISK BY SIMPLY 
TURNING THE LOAD LEVER 
COUNTERCLOCKWISE AND PULLING 
ON THE DISK. THIS COULD 
DAHAGE THE DISK AND THE D I S  
DRIVE. TO REHOVE A DISK, 
FOLLOW STEPS 7.14 THROUGH 
7.15. 

Q 
The computer will begin t o  format the  
new d i s k  i n  d r i v e  1. The red d i sk  
dr ive  ind ica to r  l i g h t  w i l l  s t ay  l i g h t  
while the d i s k  i s  being formatted. 

A dot prompt will be displayed on the 
screen when the format t ing  is complete 
( i n  about 3 minutes).  

The following message will be displayed 
on the CRT: 
sure? 

DL1:Ini t ia l ize;  Are you 

The computer will begin t o  i n i t i a l i z e  
the new d i s k  i n  d r i v e  1. 

The following message will be displayed 
on the CRT when the i n i t i a l i z i n g  is  
complete ( i n  about 2 minutes). 
?DUP-I-No Bad blocks detected D l l :  
Volume ID? 

Figure 10 (Sheet 1 of 3) 
PROCEDURE TO FORMAT, INITIALIZE AND COPY A DISK 

1.32 
R - MATERIAL REVISED, ADDED,  OR DELETED.  
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Revision No. 0 I 3497 Page 61 of 80 

8.  

9.  

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Author i za t ion :  Per CIO C90.-035 Supersedes : 
W .  J .  Never, Analy t ica l  Laboratory None 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIUM 
IN SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

10. 

HETHOO 9011 

AREA: I s o t o p i c  and 

I s sue  
Date: 04-17-91 

Oraanic Analysis 

11. 

12. 

13. 

14. 

15. 

Type i n  1 and p r e s s  t h e  RETURN key 
on the keyboard. 

Type i n  your i n i t i a l s  and press the 
RETURN key on the keyboard. 

To copy a l l  o f  the f i l e s  from the 
working d i s k  i n  d r i v e  0 t o  the new 
d i s k  i n  d r i v e  1 type: 
DLO:*.* DL1:  and press t h e  RETURN 
key on the keyboard. 

COPY/SYS 

To enab le  the new d i s k  t o  be 
"booted up" type  the following: 
COPY/BOOT D L l  : RTllXM. SYS D L 1  : 
press the RETURN key on the  
keyboard. 

Press the unload o r  release but ton  
next t o  the i n d i c a t o r  l i g h t  on d i s k  
d r i v e  1. 

and 

Wait u n t i l  the l i g h t  goes ou t  
be fo re  proceeding. 

Turn t h e  lever holding the d a t a  
c a r t r i d g e  d i s k  i n  place on d i s k  
d r i v e  1 counter-clockwise and 
remove t h e  c a r t r i d g e .  

Apply t h e  adhesive l a b e l s  which go  
on t h e  edge of t h e  c a r t r i d g e  d i s k ,  
provided wi th  a new d i s k ,  and write 
on i t  t h e  following: FULL, 00 NOT 
E RASE. 

Apply t h e  l a r g e  adhesive l abe l  t o  
the side of the new d i s k  and write 
on i t  "COPIED" and t h e  da te .  

The fo l lowing  message will appear: 
Owner? 

The d o t  prompt will then  be d isp layed  
and the i n i t i a l i z i n g  is  complete. 

The computer will l i s t  on t h e  CRT 
d i s p l a y  each  f i l e  as  i t  is  copied. 
red i n d i c a t o r  l i g h t s  will a l t e r n a t e  
being l i t  between the two d r i v e s  a s  
information i s  t r a n s f e r r e d .  A do t  
prompt will be d i sp layed  on the screen 
when the copying i s  complete. 

The 

See F igure  8. 

T h i s  s p i n s  down the d i s k  d r ive .  The 
green l i g h t  will flash f o r  a few 
seconds. 

See F igu re  8. 

PROCEDURE TO FORMAT, INITIALIZE AND COPY A DISK 1% 
f i g u r e  10 (Sheet 2 of 3 )  

R - MATERIAL REVISED, ADDED, OR DELETED. 
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LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Author izat ion:  Per C I O  C90-035 Supersedes : 
W .  3.  Never, A n a l v t i c a l  Laboratory None 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIUM 
I N  SOIL SAMPLES BY ENERGY DISPERSIVE X-RAY 

18. 

19. 

Press  the FORM FEED button on the 
p r i n t e r .  next page. 

Press the SELECT button again on 
the p r i n t e r .  

This advances t h e  p r i n t e r  paper t o  the 

This puts the  p r i n t e r  back on l i n e .  

HETHOD 9011 

AREA: I s o t o p i c  and 

Issue 
Date: 04-17-91 

Orsanic Analysis 

20. Type i n :  DIR/PRI*.KVX and press The computer w i l l  p r i n t  out  a l i s t  o f  
the RETURN key on the keyboard. the Kevex l i b r a r y  f i l e s  on the  working 

disk.  

21. Press-the SELECT button on the  
p r i n t e r  . a This takes t h e  p r i n t e r  o f f  l i n e .  

22. 

23. 

Press the FORM FEED button on the 
p r i n t e r .  next page. 

Press the SELECT button again on 
the p r i n t e r .  

This advances the  p r i n t e r  paper t o  the 

This puts the  p r i n t e r  back on l i n e .  

;L 5- 

PROCEDURE TO FORMAT, INITIALIZE AND COPY A DISK 
Figure 10 (Sheet 3 o f  3)  134  
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. 0 t- X-RAY OFF BUTTON 
F i g u r e  11 

. ’  - 1. 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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It 

HETHOD 9011 

AREA: I s o t o p i c  and 

I s s u e  
D a t e :  0 4 - 1 7 - 9 1  

Orqan ic  Anal v s i  s 

- .. Columnatct Ta r&t ~ o s  i t ion 

SECONDARY TARGET TURRET 
F i g u r e  12 L E  1. 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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FLUORESCENCE (EDXRF) SPECTROSCOPY 

Authorization: Per CIO C90-035 

METHOD 9011 

AREA: Isotopic and 

Issue 
Date: 04-17-91 

Oraanic Analysis 
Supersedes : 
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LABORATORY 
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Analyst' 8000 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIW 
I N  SOIL SAMPLES BY ENERGY DISPERSIVE X-RAY 
FLUORESCENCE (EDXRF) SPECTROSCOPY 

Gain Range - 
Selector Sui t c h  

A u t h o r i z a t i o n :  Per C I O  C90-035 

Zero Offset / 
!lauual Adjustment 

Supersedes : 

HETHOD 9011 

AREA: I s o t o p i c  and 

I s s u e  
D a t e :  0 4 - 1 7 - 9 1  

Orclanic A n a l y s i s  

MODEL 4460 PULSE PROCESSOR 
. t> 9- Figure  14 
J $ *  il, 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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ANALYTICAL 

PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Author iza t ion :  Per CIO C90-035 Supersedes: 
W. 3 .  Never, A n a l v t i c a l  Laboratorv None 

QUANTITATIVE ANALYSIS OF URAMIUH AND THORIUM 
LABORATORY I N  SOIL  SMPLES BY ENERGY DISPERSIVE X-RAY 

PROCEDURE FILE @ISOIL-MO: 118 1-Nov-88 

HETHOD 9011 

AREA: I so top ic  and 

Issue 
Date: 04-17-91 

Oraanic Analvsis 

Number of  line5: 36 
+...*++..... ....+.4..*4~.*..*.4~++~*4*****4*~+..***4.*4***+***~* 

1 TYPE * T H I S  PROCEDURE WILL SIMULTRNEOUSLY RCOUIRE AND PROCESS' 

3 TYPE: * FOR A MULTIPLE NUMBER O F  SRMPCES * 

S TYP€ * 1 

6 TYPE *CMCSUSE ffi DETECTOR COLUMNFITOR' ; TYPE * ' 
7 TYPE ' W-CSET THE PULSE RCITE TO 2. * 

z TYPE * SPECTRA FROM SOIL s a m E s  AT CONDITION CODE I (WO) * 
4 TYPE '5M'6SET THE VERTICCIL -LE TO 5000 CPS FOR PRINTINB.  * 

a TYPE *-a-o* 
9 '  FILES NEEDED: 

18 I SYSTEM: KEV778. 1.8 
1 1 ' U I NDOUS 8 BR-NORM-MO 1 ; BCI-MOD-MO 1 ; DEC-CIO 
1 2  SPECTRUM: PLK-MO; 
19 I MRTRIX: SOIL-MO 
14 ' PROCEDURE: SOIL-MO; N N ;  MO; DEC-PRO 
I S  I LERST SOUFIRES, SOIL-U-LOU# S O I L Y - H I M ;  S O I L - T H I  SOIL-fM 
1 6  RUN NCIH€ 
1 ? RE/SYS KEV778. I 8 
18 SET/XRF CIl=l ; SET/XRF Pt=3 ; SET/XRF Pl-2 
1 9  RE/MRT SOIL-Fw 
28 CONT/COND 1 ; CONT/POS WIST 
a 1 CICQ/CL/STCI 
22 LOOP #POS=*IST* OLAST 
2 3  ACO/CIFIIT ; COPY P l - A 1  ; CONT/POS +1 ; ACO/CL/STA 
24 PRO/ESC ; SAV/SFEC 8 1  
2s -2 
26 R W  PI0  
27 ID/= 1 I D / W T O / P R I  ; I D / L I / P R  ; I D / U  

29 I D / L I / P R  
38 PRO/WfND/CL ; 'Y 
31 RLH DEC-PRO 
32 Lmv/END 
3 3  SET/C#=O VIY-S 4 RCCI/CL/STCI/WRlf 
3 4  CWT/KV 38 
35 coHT/Hn 0.9 
36 TYPE *F IN ISHED*  

28 ID /ADD 8 1 9  SI  K* CFI* T I  9 BCI, HN* FE* CUI LN, W *  PB* U* T H g  R8* 8R9 SRt Ys ZR* MO 

PROGRAM PROCEDURE FILE SOIL-MO 
. F igure 15 

139 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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PROCEDURE F I L E  0,NRME: 1 : 8  3QI-RUG-88 

I .  r $  b: L ,  
ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

A u t h o r i z a t i o n :  Per C I O  C90-035 Supersedes: 
W.  J. Never, A n a l y t i c a l  L a b o r a t o r y  None 

QUANTITATIVE ANALYSIS OF URANIUH AND THORIUH 
I N  SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

I 
2 ^k 
3 ^t 
4 # I S T = l  
5 #LRST=Z4 
6 RSK/INT "4ENTER F I R S T  SRMFLE POSITION' *IST 
7 CISK/INT ".?ENTER LRST SRMPLE POSITION'  #LRST 
8 ^2 
9 !  

1 0  !'B ENTER SRMPLE LRPELS WHEN PROMPTED 
1 1  WNRME-' 
12 LOOP WOS=#IST,WLRST 
1 3  RSK/FILE '-7SFIMPLE NO. #POS NRME' ONFIME 
14 SET/NRME #WS=*NRME 
1 s  ^Z 
1 6  ONRME-' 
17 LOOP/END 
18 ^f 
19 

METHOD 9011 

AREA: I s o t o p i c  and 

I s s u e  
D a t e :  04-17-91 

Orqanic  Anal v s i  s 

PROGRAM PROCEDURE FILE NAMES 
F igure  16 

1 4 0  

R - MATERIAL REVISED, ADDED, OR DELETED. 
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PROCEDURE F I L E  @:MO: 1 : 8  1-NOV-88 

Page 69 of 80 3497 

Number of 1 inesr 11 
******.****~**+**.***********~~~*****+* 

1 TYPE lSoil Sample' 
2 TYPE l Pressed Pel let1 
3 TYPE l32.0 kV, 2. 8mQ1 
4 TYPE * M o  Target' 
5 TYPE 'vacuum1 
6 TYPE l1000 see. live time' 
7 TYPE ' 2 0  eV/ch' 
8 TYPE * p u l s e  rate 8' 
9 TYPE *ag Detector Columnator@ 
10 TYPE 'CIg Target filter' 
1 1  ^P 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

A u t h o r i z a t i o n :  Per C I O  C90-035 Supersedes: 
W .  3 .  Never ,  A n a l y t i c a l  Labora tory  None 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIUN 
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Select a reference standard for 
which the mean value(s) has been 
determined from six or more t r i a l s  
and the mean value for U i s  within 
the range from 70 t o  300 ppm. 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Authorization: Per C I O  C90-035 
W .  3 .  Never, Analytical Laboratory 

QUANTITATIVE ANALYSIS OF URANIUM AND THORIUM 
I N  SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

Prepare and run the standard 
sample, following Steps 6 and 7 t o  
acquire a t  l eas t  four concen- 
t ra t ion resul ts  for U .  

METHOD 9011 

AREA: Isotopic and 

Issue 
Date: 04-17-91 

Orqanic Analvsis 

Calculate an average of the U 
concentrations. 

Calcul ate an adjustment factor by 
dividing the average value by the 
tabulated mean value for the 
part  i cul a r  reference standard. 

Type ED/MAT SOIL-MO and press the 
RETURN key on the keyboard. 

Use the black right arrow key t o  
move the cursor over t o  the 13th 
column t i t l e d  "Monitor Ratio". 

Mu1 t i ply the adjustment factor 
times the existing reference 
monitor r a t i o  t o  get the new 
reference monitor ratio.  

Enter the new rat io  i n  place of the 
old one by typing i t  over the old 
one. 

This may be the standard which was run 
and found t o  be o u t  of bounds of  i t s  
tabu1 ated resul ts  provided i t  fa1 1 s 
within the range. In that case the 
d a t a  already collected on tha t  sample 
can be used i n  the following 
calculations. 

These results can be from a minimum of 
two prepared pellets,  in which case i f  
l ess  than four separate pe l le t s  are  
used some may be ran twice. 

This command i s  t o  edit  a matrix f i l e  
called SOIL-MO. 

The presently existing reference 
monitor r a t io  should be displayed in 
the f i r s t  row which i s  for  excitation 
condition No. 1. 

I 

q v  1 PROCEDURE FOR CALCULATING THE REFERENCE MONITOR RATIO 
Figure 20 (Sheet 1 of 3)  
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12. Press the CTRL key and the V 
simultaneously on the keyboard 
twice t o  advance the t h i r d  page in  
the f i l e .  

13. Press the RETURN key on the 
keyboard t o  move t h e  cursor t o  the 
f i r s t  row. 

14. Use t h e  black r i g h t  arrow key t o  
move t h e  c u r s o r  over t o  the 11th 
column t i t l e d  "Monitor Rat io" .  

15. In the f i r s t  row e n t e r  the new 
r a t i o  i n  p lace  of  the o l d  one by 

Press the black down arrow key t o  
move the c u r s o r  t o  the second row. 

typing over the o ld  one. 
I 

16. 

17. Enter the new r a t i o  i n  place  of the 
o ld  one here as well .  

PROCEDURE FOR CALCULATING THE REFERENCE MONITOR RATIO 
Figure 20 (Sheet 2 o f  3 )  145 
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18. Press the CTRL key and the  E 
simultaneously on t h e  keyboard t o  
e x i t  the  r e s u l t s  f i l e .  
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19. Repeat Steps 10 through 18 fo r  each 
sample i n  the  series. 

ANALYTICAL 

PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Author izat ion:  Per C I O  C90-035 Supersedes : 
W .  J. Never, Ana lv t i ca l  Laboratorv None 
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LABORATORY I N  SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

20. Return t o  Step 7 . 3 . 2  i n  the  
procedure t o  requan t i f y  U and Th 
concentrat ions fo r  each sample. 

METHOD 9011 

AREA: I s o t o p i c  and 

Issue 
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PROCEDURE FOR CALCULATING THE REFERENCE MONITOR RATIO (cont. ) 
Figure 20 (Sheet 3 o f  3) 146 ;PI 
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Important po in ts  r e l a t e d  t o  s tandard izat ion t o  remember: 

* 
* 
* 

The pulse processor zero and ga in  are adjusted t o  ca l i b ra te  the  EDC. 

The KEVEX 316 s ta in less  s tee l  i s  used t o  check the c a l i b r a t i o n  o f  t he  EDC. 

The KEVEX 316 s ta in less  s tee l  o r  2036 copper-aluminum standard i s  used t o  
c a l i b r a t e  the  EDC. 

Th is  s tandard izat ion check procedure should be performed: 1) once every two 
weeks o r  2) whenever the  pulse r a t e  i s  changed o r  3) whenever a " c o l d  s t a r t "  
has been performed. 

The EDC i s  reca l i b ra ted  whenever the  energy dev ia t ion  on a check exceeds the 
proper variance. 

* 

* 

Page 75 of 80 

* Normally, the au toca l i b ra t i on  rou t i ne  i s  performed t o  ad jus t  t h e  c a l i b r a t i o n ;  
however, i f  the  adjustments are beyond the  l i m i t s  o f  the rou t i ne ,  a manual 
c a l i b r a t i o n  procedure (described i n  Figure 22) w i l l  have t o  be used. 

The system must be c a l i b r a t e d  f o r  each pulse r a t e  used. 

The system must be booted up t o  begin t h i s  standardizat ion procedure. 

* 
* 

/ 
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QUANTITATIVE ANALYSIS OF URANIUM AND THORIUM 
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GENERAL INFORHATION ON STANDARDIZATION OF KEVEX 770 EDXRF SYSTEM 
Figure 21 14.:?i" 
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On the model 4460 pulse processor 
se lect  pulse r a t e  5 by p ress ing  the 
pushbutton RATE sui  tch.  

I n  the "EDC C a l i b r a t i o n  Items" 
se lect  i tem 7 and press RETURN. 

ANALYTICAL 

PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 

Au tho r i za t i on :  Per C I O  C90-035 Supersedes : 
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LABORATORY I N  SOIL SAHPLES BY ENERGY DISPERSIVE X-RAY 

The r a t e  switch i s  shown i n  Figure 9. 
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AREA: I so top ic  and 

Issue 
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This assumes t h a t  Step 8.2.5 of t h i s  
procedure has been completed. 

This w i l l  "Reset EDC gain and ze ro  
DAC's f o r  manual c a l i b r a t i o n " .  

Press the RETURN key t w i c e  t o  
r e t u r n  t o  t he  "Program Items" menu. 

Enter 1 t o  se lec t  i t em 1 (MULTIPLE- 
ELEMENT MLK) and press t h e  RETURN 
key on the  keyboard. 

I f  the 2036 std. i s  be ing  used for 
c a l i b r a t i o n ,  enter  Cu, RETURN, A1 , 
RETURN, and if the  316SS std.  i s  
used enter  FE, RETURN, Mo, RETURN. 

Press the PROGRAM key aga in  t o  
e x i t .  

Fol low Steps 8.2.3 through 8.2.4.2 
o f  t h i s  a n a l y t i c a l  procedure t o  set 
t he  pulse r a t e  t o  5 and the  current 
accordingly.  

This s e l e c t s  the mult iple-element MLK 
rou t i ne .  
from more than one element a t  a time. 

This i s  used t o  d i sp lay  l i n e s  

MANUAL CALIBRATION PROCEDURE 
F igure 22 (Sheet 1 o f  3 )  
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10. 

11. I f  the  c e n t r o i d  i s  more than 1 t o  2 

Press the ACQUIRE key t o  acqui re a 
spec t r um . 

channels o f f ,  a d j u s t  t he  zero po t  
The zero po t  i s  shown i n  F igure  14. 
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w i t h  a pot  screwdr iver .  

Press the ACQUIRE key t o  s top 12. 

ANALYTICAL 
LABORATORY 
PROCEDURE FLUORESCENCE (EDXRF) SPECTROSCOPY 
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QUANTITATIVE ANALYSIS OF URANIUM AND THORIUM 
I N  SOIL SAMPLES BY ENERGY DISPERSIVE X-RAY 

acqu i r ing  the spectrum. 

Press the CLEAR key and then the  
SHIFT and CLEAR simultaneously.  

13. This erases the  spectrum. 
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AREA: I s o t o p i c  and 

Issue 
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14. Repeat Steps 10 t o  13 u n t i l  no 
f u r t h e r  adjustment i s  needed. 

15. To ad jus t  the  g a i n  s e t t i n g  nex t  
center  t he  expanded screen on the  
Cu o r  Mo peak by t u r n i n g  the  
KEVSCAN wheel. * 

The changing of the  ga in  s e t t i n g  
procedures exponent i a1 l y  propor t iona l  
changes o f  the  energy. 

16. 

17. I f  the  c e n t r o i d  i s  more than 1 t o  2 

Press the  ACQUIRE key t o  acqui re a 
spectrum. 

channels o f f ,  ad jus t  t he  coarse Figure 14. 
ga in  po t  w i t h  t h e  p o t  screwdriver.  

The coarse ga in  po t  i s  shown i n  

18. Press the  ACQUIRE key t o  s top  
acqu i r ing  the  spectrum. 

MANUAL CALI BRAT ION PROCEDURE 
Figure 22 (Sheet 2 o f  3 )  
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22.  

23. 

24. 

25. 

26. 

27. 

28. 

29. 
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Press the CLEAR key and then the 
SHIFT and CLEAR simultaneously. 

This erases the spectrum. 
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Repeat Steps 16 t o  19 until no 
further adjustment i s  needed. 
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Issue 
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Select another pulse rate t o  be 
used for analyses by pressing the 
pushbutton RATE switch. 

Calibrate a t  whichever o f  the remaining 
four ra tes  are t o  be used in the 
following order 2-3-4-1. 

Follow Steps 8.2.3 t o  8.2.4.2 of 
th i s  analytical procedure t o  se t  
the pulse rate and the current 
accordingly . 
Press the ACQUIRE key t o  acquire a 
spectrum. 

I f  the centroid-of the Cu or  Mo 
peak i s  more t h a n  1 or 2 channels 
o f f ,  adjust the gain trim po t  for  
the particular ra te  setting. 

Press the ACQUIRE key t o  stop 
acquiring the spectrum. 

Press the CLEAR key and then the 
SHIFT and CLEAR simultaneously. 

There are four gain trim pots (label 
1 through 4 )  for  each of the pulse r 
sett ings shown in Figure 14. 
they do not require any adjustments. 

Normally, 

Repeat Steps 23 t o  26 u n t i l  no 
fur ther  adjustment i s  needed. 

If another pulse rate i s  t o  be used 
for  analysis return t o  S tep  21. 

Return t o  Step 8.2.3 of the 
analytical procedure t o  repeat the 
autocal i bration for each pulse 
rate. 

i 

150 MANUAL CALIBRATION PROCEDURE 
Figure 22 (Sheet 3 of 3) ,. . 
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ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

Authorization: Supersedes: 

OF URANIUM USING AN AUTOANALYZER 

1.0 SCOPE 

HETHOD 3002 

AREA: Inorganic Analysis 

Issue 

This procedure is applicable to the determination of l o w  concentrations of 
uranium. It is used as an alternate to the,fluorometric method. 
normally applied concentration ranges are: 
ppm. 
analyzed employing this procedure. ' 

The 
0-10 g/L' ; 0-10%; and 0-10,000 

By applying the appropriate modification most types of samples may be 

This procedure includes sample preparation instructions for the following: 

Aqueous, Step 6.1 

AX/TBP in Kerosene, Step 6.2 

Thorium containing, Step 6.3 

Organic, unknown, Step 6.4 

* Soil, Step 6.5 
Magnesium fluoride, residues containing F, Step 6.6 

Residues, low F-, aqua regia soluble, Step 6.7 

* Aqua regia insoluble, Step 6.8 
* Raffinate cake, Step 6.9 
The procedure for analysis is divided into three sections: 

* Low interference type samples, Step 7.1 

* Samples containing more than 10 g/L-l thorium, Step 7.2 

Samples containing more than 10 g/L-l zirconium and lime slurry samples, 
Step 7.3 

- 153 ?I 
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2.0 PRINCIPLE 

Uranium is estimated by measuring the absorbance of the uranium 2-(5-bromo- 
2-pyridyl azo)-S-diethyl aminophenol (BrPADAP) complex, which absorbs strongly 
at 580 nm. 
molecule. Uranium is separated from major interferences by extraction into 
trioctylphosphine ox'de (TOPO) in cyclohexane. The extracting solution 
contains F' and PO -j ions to inhibit the extraction of Th, Zr, and Fe, and 
HN03 to establish the g o p e r  ac'dity p r  ura,jum extrac ion. A corbic acid 
reduces Vt to V+4, Ce 
interferences of these cations are much less severe at the lower valence 
states. 

See Attachment J, for a diagram of the structure of this 

to Ce+j, Crt to Cr , and FetS to Fe". The 

A complexing solution is added during color development to prevent 
interference from traces of interfering elements which extract. 
Sulfosalicylic acid masks the interferences of Be and Al. 
and Zr interferences and 1,2-diami~qcyclohexanetetraacetic acid (Cy DTA) 
complexes many cations but not U02 . 
An AutoAnalyzer continuous flow system is used to analyze the samples via 
this colorimetric method. An HP-85 personal computer has been interfaced to 
this analyzer using an HP-BCD parallel interface, which is connected to an 
HP model 3470 Digital Voltmeter. The DVM receives signals directly from the 
colorimeter via a connection to the telemetry output junction o f  the 
colorimeter. 
in this procedure. 

NaF reduces Th 

See Attachment H, for a printout of the computer program used 

3.0 SPECIAL APPARATUS 

3.1 An AutoAnalyzer system consisting of a sampler, proportioning pump, 
flowcell colorimeter, and strip chart recorder. The colorimeter is 
equipped with a 15 nun flowcell and 580 nm filters. See Attachment G, for 
a flow diagram of the system. 

3.2 Hewlett-Packard (HP) 85 or 858 Personal Computer. 

3.3 Hewlett-Packard Model 3470 Digital Voltmeter (DVM). 

3 .4  ROM Drawer, HP 82936A. 

3.5 BCD Interface, HP 82941A. 

3.6 1/0 ROM module, HP 85-15003. 

3.7 Attenuator, interfaces DVM to colorimeter. 
- 3 .  

; . r  ? 
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3.9 1-Hand1 e ,  core sampl er.  

Page 3 o f  53 

3.10 Pyrex cu l tu re  tube, 19.5 x 145 mrn with screw caps, Corning Glass Works, 
WMCO Stores No. 1045. 

ANALYTICAL THE COLORIM€lRIC (BrPADAP) DETEMINATION 
LAB0 RATORY 
PROCEDURE 

Author i  z a t  ion:  Supersedes: 
W.  J. Never. Ana ly t i ca l  Laboratory None 

OF URANIUM USING AN AUTOANALYZER 

3.11 Pump Tubes, Acidf lex,  b lack jb lack,  0.030" I.D., Bran & Luebbe Par t  
NO. 116-0651PO7. 

NETHOD 3002 

AREA: Inorgan ic  Analys is  

Issue 
Date: 05-84 

3.12 Pump Tubes, Lolvaf lex blue/blue, 0.065" 1.0.) Bran & Luebbe Par t  

3.13 Pump Tubes, Tygon orange/yellow, 0.16 mL min-l ,  Bran & Luebbe Par t  

3.14 Pump Tubes, Tygon, yel low/yel low, 1.20 mL min-l,  Bran & Luebbe P a r t  

NO. 116-0533P13. 

NO. 116-0549PO5. 

NO. 116-0549P12. 

3.15 Pump Tubing, Esco Rubber, Bran & Luebbe Par t  No. 116-0189-01. 

.3.16 Sample Pick-up Tubing, Polythylene, 0.015" x 0.045", Bran Luebbe P a r t  
NO. 562-2002-01. 

- NOTE: The pump tube and connecting tub ing f o r  the sample must always be 
kept the same l eng th  and diameter f o r  the  computer program t o  
funct ion co r rec t l y .  When changing any o f  the sample tub ing  make 
sure i t  i s  i d e n t i c a l  i n  l e n g t h  and diameter t o  t h e  o l d  tub ing.  
(Use 20.25 inches o f  0.015" x 0.045" polyethylene t u b i n g  f o r  the  
sample pick-up tube and 6.5 inches of ESCO rubber, Special  
Apparatus 3.15, f o r  t he  B r  PADAP pump 'tubes.) 

4.0 REAGENTS 

NOTE: Unless otherwise speci f ied,  water used i n  prepar ing reagents i s  
d i  s t  i 1 1 ed water. 

4.1 Ex t rac t i ng  Solut ion.  Dissolve 100 g o f  Al(N03)3*9H20 i n  1000 mL o f  water. 
D isso lve  200 g o f  KF*2H20 i n  1000 mL o f  water. Add 1100 mL of  70% HNO3 t o  
1000 mL o f  water ,  mix, and add t h e  Al(N0 )3 so lu t i on  and t h e  KF so lu t i on .  
Add 25 mL of  concentrated H3P04, d i l u t e  i o 5000 mL, and mix thoroughly.  

4.2 Ascorbic Acid, 200 g/L- l .  
water.  Make f resh  d a i l y .  

Dissolve 20 g of ascorbic ac id  i n  100 mL o f  

- - *  
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4.0 REAGENTS ( con t . )  

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

TOP0 i n  Cyclohexane, 25 g/L-l. 
in  1000 mL o f  cyclohexane ( p r a c t i c a l  g rade) .  

Dissolve 25 g of t r ioc ty lphosphine  ox ide  

Complexing So lu t ion ,  Stock. 
t e t r a a c e t i c  ac id  (Cy DTA), 2.5 g of  NaF, and 32.5 g of  s u l f o s a l i c y l i c  a c i d  
i n  800 mL o f  water.  
Use a d i l u t e d  s o l u t i o n  of about 10% NaOH t o  a d j u s t  t h e  complexing s o l u t i o n  
t o  8.35 f 0.02 pH. 
t o  r e tu rn  t o  pH 8.35. 
water. 

Suspend 12.5 g of  1,2-diaminocyclohexane 

Adjust  t he  pH t o  8.2 t o  8 .3  with 45% NaOH s o l u t i o n .  

I f  the pH l i m i t s  a r e  exceeded use d i l u t e  nitric a c i d  
Di lu t e  the pH adjus ted  so lu t ion  t o  1000 mL w i t h  

Complexing Solu t ion ,  Diluted.  D i lu t e  a volume of s tock  complexing 
so lu t ion  with an equal volume of water .  

Buffer So lu t ion ,  pH 8.35. 
water.  
use d i l u t e d  NaOH so lu t ion  t o  br ing the pH wi th in  to le rances .  

Methanol, reagent  grade.  

Dissolve 149 g of  t r ie thanolamine i n  800 mL o f  
I f  n e c e s s a r y ,  Adjus t  the pH t o  8.35 f 0.02 w i t h  p e r c h l o r i c  acid.  

Br PADAP, Stock So lu t ion ,  0 .5  g/L-l. 
1000 mL of methanol ( reagent  grade) .  

Dissolve 0.5 g of Br PADAP i n  

Br PADAP, Working Solu t ion ,  0.050 g/L-l. Add 400 mL of 0.5 g/L-l Br PADAP 
so lu t ion  t o  3400 mL of methanol ( reagent  g rade ) .  Then add 200 mL of 
water.  

4.10 Mixed Acid, 2 HN03; 1 fl HF. Add 130 mL o f  70% HNO3 (reagent  g rade )  t o  
800 mL of  water and mix. Then add 30 mL o f  50% HF ( reagent  grade)  and 
d i l u t e  t o  1000 mL with water.  S to re  in  a polyethylene conta iner .  

- NOTE: 

NBS 950, i n  a muffle furnace for 1 hour a t  the temperature des igna ted  i n  
t h e  NBS C e r t i f i c a t e  of Analysis (950b should be igni ted  a t  8OOOC). Cool 
and store i n  a d e s i c c a t o r  u n t i l  used. 
i n t o  a 150 mL beaker. 

80 mL concentrated HNO3, and d i l u t e  t o  the mark with d i s t i l l e d  water .  

Wear "Solvex" rubber gloves when handling HF. 

4.11 Uranium Standard Solu t ion ,  0.025 g/L'l. I g n i t e  a sample of s t a n d a r d  U308, 

Weigh 0.1180 g of U3O8 s t a n d a r d  
Dissolve the U O8 i n  20 mL of concentrated HNO . 

Q u a n t i t a t i v e l y  transfer the so lu t ion  i o a 4000 mL volumetric f l a s k ,  a 3 d 

380 g'L-l* a 4.12 Uranium C a l i b r a t i o n  Standard f o r  High Thorium Samples, Th = 

R - MATERIAL REVISED, ADDED, OR D E L E T E D .  156 



ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERHINATION 
LABORATORY 
PROCEDURE 

Au thor i za t ion :  Supersedes : 
W ,  J. Never, Anal v t  i c a l  Laboratorv None 

OF URANIUM USING AN AUTOANALYZER 

4 .0  REAGENTS (cont  . ) 

METHOD 3002 

AREA: Inorganic  Analysis  

I s sue  
Date: 05-84 

4.12.1 U = 0.0125 g/L-l. Dissolve 905 g of reagent  grade thorium n i t r a t e  
T rans fe r  the c r y s t a l s  i n  200 mL of water.  Add 65 mL of 70% HNO . 

so lu t ion  t o  a 1000 mL volumetric f l a s k .  
uranium s tandard  (Reagent 4.11). 

Add 500 m t of  the 0.025 g/L-l 
D i l u t e  t o  t h e  mark w i t h  water.  

4.12.2 Blank. Prepare a second so lu t ion  a s  a "blank" f o r  the c a l i b r a t i o n  
s tandard ( i . e .  - d e l e t e  the 0.025 g/L-l uranium s t anda rd ) .  

4.13 Sodium N i t r i t e ,  227 g/L-l .  Dissolve 454 g (one pound) NaN02 in  2000 mL of 
water.  

4.14 N i t r i c  Acid, 3M. Dilute 189 mL of 70% HN03 t o  100 mL w i t h  water.  

4.15 Hydrofluoric Acid (HF), 2%. Dilute 10 mL of 50% HF ( reagent  grade) t o  
250 mL and s t o r e  in  a polyethylene conta iner .  

- NOTE: Wear "Sol vex" rubber gloves when handl i ng HF. 

4.16 N i t r i c  Acid, 35%. Dilute 50 mL of 70% HNO3 t o  100 mL w i t h  water.  

4.17 Wash Solu t ion .  Add about 300 mL of 25 g/L-l TOP0 in  cyclohexane 
(Reagent 4 .3 )  t o  a 1000 mL separatory funnel. Add an equal volume of 3M 
n i t r i c  acid (Reagent 4 .14) ,  stopper the funnel ,  and shake the funnel 
vigorously f o r  1 minute. 
and remove the stopper. 
The re t a ined  organic  l a y e r  i s  t h e  wash so lu t ion .  

s tandard U308, NBS 950, i n  a muffle furnace  for 1 hour a t  t h e  temperature 
designated in  the NBS C e r t i f i c a t e  of Analysis (950b should be i g n i t e d  a t  
800OC). 
U3O8 standard i n t o  a 150 mL beaker. 
concentrated HNO3. 
volumetric f l a s k ,  add 80 mL concentrated HNO3, and d i l u t e  t o  the mark w i t h  
d i s t i l l e d  water .  

Allow the aqueous and organic  phases t o  sepa ra t e  
Drain and d i s c a r d  the  aqueous (bottom) l a y e r .  

I g n i t e  a sample of  

Weigh 0.1416 g of 

4.18 Uranium Reference Standard Solut ion,  0.0300 g/L-l .  

Cool and store i n  a d e s i c c a t o r  u n t i l  used. 
Dissolve the U3O8 i n  20 mL of 

Q u a n t i t a t i v e l y  t r a n s f e r  the solution t o  a 4000 mL 

5.0 SAFETY PRECAUTIONS 

5.1 S a f e t y  g l a s s e s  shall  be worn i n  the labora tory  a t  a l l  times. 

5.2 

5.3 ..,Rerform a l l  d i s s o l u t i o n  steps of  t h i s  procedure, using heat, i n  an 

Wear "Solvex" rubber gloves when handl ing HF. 

'.. . Cj&tivated fume hood. 

R - MATERIAL REVISED,  ADDED, OR DELETED.  
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All o p e r a t i o n s  involving the hea t ing  of  m a t e r i a l s  on a h o t p l a t e  ( i . e . ,  
ac id  d i g e s t i o n s )  s h a l l  be performed i n  an appropr i a t e  fume hood which 
has been determined by IS&H t o  main t ian  an accep tab le  f ace  v e l o c i t y  of 
150 fprn o r  g r e a t e r .  

The t y p e  o f  fume hood u t i l i z e d  i s  determined by the fumes w h i c h  wil l  be 
genera ted .  
the on ly  appropr i a t e  fume hood i s  one s p e c i f i c a l l y  des igna ted  f o r  
p e r c h l o r i c  ac id  fuming. 
of hood i s  appropr i a t e  f o r  s p e c i f i c  fuming ope ra t ion .  

For example, i f  p e r c h l o r i c  a c i d  fumes are gene ra t ed ,  t h e n  

Contact s u p e r v i s o r ,  i f  unc lear ,  as t o  what t y p e  

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

Authorization: Supersedes: 
W .  3 .  Never, Ana lv t i ca l  Laboratory None 

OF URANIUM USING AN AUTOANALYZER 

5.4 Disposal of RCRA Hazardous Wastes: 

HETHOD 3002 

AREA: I no rgan ic  Ana lys i s  

I s sue  
Date: 05-84 

5.4.1 Methanol-Cyclohexane Waste 

5.4.1.1 C o l l e c t  a l l  waste coming from the Technicon AutoAnalyzer i n  a 4 l i t e r  
p l a s t i c  b o t t l e  during each shif t .  

5.4.1.2 T r a n s f e r  the waste ma te r i a l  t o  the a p p r o p r i a t e l y  l a b e l l e d  5-ga l lon  
s a f e t y  can i n  the RCRA Accumulation S t o r a g e  Area a s  p e r  SOP 
ANL-01-0053. 

5.4.2 TOPO-Cyclohexane Waste 

5.4.2.1 Collect a l l  TOPO-Cyclohexane from the ind iv idua l  culture t u b e s  i n t o  a 
g l a s s  s epa ra to ry  funnel du r ing  each s h i f t .  

5.4.2.2 A t  t h e  end of each shif t ,  the aqueous (lower) phase may be  d i s c a r d e d  
down t h e  s i n k .  

5.4.2.3 Transfer t h e  o rgan ic  phase a s  i n  s t e p  5.4.1.2. 

5.4.3 Hazardous Sol i d  Waste 

. 5.4.3.1 Discard  a l l  hazardous s o l i d  waste i n  t h e  bag contained i n  t h e  metal 
s a f e t y  can i n  t h e  RCRA Accumulation S to rage  Area as per SOP 
ANL-01-0053. 

$ 3 4  9 \ 4  d 
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THE COLORIMETRIC (BrPADAP) DETEMINATION 
OF URANIUM USING AN AUTOANALYZER 

AREA: Inorganic Analysis 

6.0 SAMPLE PREPARATION 

PROCEDURE 

6 . 1  For Aqueous Samples 

6.1.1 

6.1.2 

6.1.3 

6.1.4 

6.1.5 

6.1.6 

6.1.7 

6.1.8 

6.1.9 

Place a magnetic s t i r r ing 
bar  i n  the sample j a r ,  and 
place the jar on a magnetic 
s t i r r e r .  

While the solution i s  being 
s t i r r ed ,  draw a sample into 
a clean dry pipet. 

Adjust the meniscus t o  the 
1 ine. 

Drain the p i p e t  i n t o  a clean 
125 mL Erlenmeyer flask. 

Add dissolution reagents t o  
the f lask.  

Place a Pyrex buret funnel 
in the neck of the flask. 

Place the flask on a 
hotplate and evaporate the 
contents t o  dryness. 

Remove the flask from the  
hotplate and cool. 

Rinse any residue from the 
funnel and the inner walls 
of the f lask  into the  flask 
w i t h  3M HNO . Add several 

the f lask.  
drops of Na ;a O2 solution t o  

COMMENTS 

I f  a large amount of solids i s  
present, shake the sample f i r s t  t o  
disperse the sol ids. 

The volume of sample normally used 
i s  given i n  Table I (Attachment E ) .  
However, changes in plant operations 
may require a change in volume. 

Consult Table I (Attachment E) for 
the volumes and types of dissolution 
reagents required. 

For Lime Slurry and ZIRNLO samples, 
DO NOT TAKE TO DRYNESS. 

For lime Slurry and ZIRNLO samples, 
do not add NaNO . Instead, transfer 

volumetric flask di lute  t o  volume 
with 3M HN03, then proceed t o  
S t e p  7.3 .  

the cooled samp 3 e t o  a 100 mL 

159 
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AREA: Inorganic  Analysis 

6.0 SAMPLE PREPARATION (cont.) 

PROCEDURE 

6.1.10 Place the f l ask ,  wi thout  t h e  
funnel, back on the h o t p l a t e  
u n t i l  t he  evolut ion o f  
orange/yel l  ow gas stops. 

6.1.11 Remove the  f l a s k  f r o m  the  
hotp la te and cool. 

COMMENTS 

6.1.12 Analyze the  sample according The sample may r e q u i r e  f u r t h e r  
d i l u t i o n  before proceeding w i t h  the  
procedure f o r  analys is .  Consul t 
Table I (Attachment E), and a1 so 
review the  l a t e s t  t rends i n  
Production P1 ant  processes. 

t o  Section 7.1. 

6 . 2  For AX/TBP i n  Kerosene Samples - Soluble U 

6 .2 .1  

6 .2 .2  

6 .2 .3  

6.2.4 

6.2.5 

6 .2 .6  

i: - 74 .A 

Pipet 2 mL o f  organic sample 
(AX o r  CR)dnto  a 60 mL 
polyethylene separatory 
funnel. 

Organic samples are TBP i n  kerosene. 

Add 5 mL o f  2% HF t o  t he  
separatory funnel. hand1 i n g  HF. 

Stopper and shake the  funnel 
f o r  1 minute. 

Wear "Solvex" rubber gloves when 

Permit t he  phases t o  
separate and d ra in  the  
aqueous phase i n t o  a 100 mL 
plat inum beaker. 

Repeat Steps 6.2 .2  through 
6.2.4. 

Add 5 mL of d i s t i l l e d  water 
t o  the funnel and shake i t  
f o r  1 minute. 

R - MATERIAL REVISED, ADDED, OR DELETED. 



ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE , 

Authorization: Supersedes : 
W .  * 3 .  Never, Anal vt ical Laboratorv None 

OF URANIUM USING AN AUTOANALYZER 

6.0 SAMPLE PREPARATION (cont.) 

METHOD 3002 

AREA: Inorganic Analysis 

Issue 
Date: 05-84 

PROCEDURE COMMENTS 

6.2.7 When the phases separate, 
drain the aqueous phase into 
the platinum beaker 
containing the 2% HF 
extract. 

6.2.8 Add 5 mL o f  70% HC104 to the 
beaker, place the beaker on 
a hotplate, and evaporate 

. ' the solution to dryness. 

6.2.9 Remove the beaker from the 
hotplate and cool. 

6.2.10 Rinse any residue from the 
inner walls of the platinum 
beaker into the beaker with 
3M HNO3. 

8 6.2.11 Add several drops of  NaNO 
solution to the beaker an 
place it on the hotplate. 

6.2.12 When the evolution of 
orange/yel low gas- stops, 
remove the beaker from the 
hotplate and cool. 

6.2.13 Analyze the sample according 
to Section 7.1. 

6.3 For Thorium-containing Samples 

6.3.1 Most thorium-containing 
samples will be soluble, 
requiring no dissolution 
procedure. 

Ask the supervisor whether the 
thorium-containing sample is 
sol ubl e. 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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THE COLORIMETRIC (BrPADAP) DETERMINATION 
OF URANIUH USING AN AUTOANALYZER 

AREA: Inorganic  Analys is  

6 . 0  SAMPLE PREPARATION (con t . )  

PROCEDURE COMMENTS 

6 . 3 . 2  For thorium metal samples, Perform t h i s  d i s s o l u t i o n  i n  an 
d i s s o l v e  2 . 0  f 0 . 1  grams of 
sample i n  15 mL of 70% HNO3 
plus 12 drops of 2% HF i n  a 
125 mL Erlenmeyer f l a s k .  

a c t i v a t e d  fume hood. 

Wear "Solvex" rubber  g loves  when 
hand1 ing HF. 

Heat is  r e q u i r e d  for this 
d i  sso l  u t i  on. 

6 . 3 . 3  For Tho2 samples, d i s s o l v e  Perform this d i s s o l u t i o n  i n  an 
2 . 0  i 0 . 1  grams of  sample i n  
30 mL of  35% HNO3 p lus  12 
drops of 2% HF i n  a 125 mL 
Erl enmeye r f 1 ask . 

a c t i v a t e d  fume hood. 

Wear "Solvex" rubber  g loves  when 
handl ing HF. 

Heat is  r e q u i r e d  for this 
d i  s s o l u t i o n .  

6 . 3 . 4  Analyze the d isso lved  sample 
according t o  Sec t  ion 7 . 2 .  

6 . 4  For Organic Samples of Unknown Matrix - Total U 

6 . 4 . 1  While s t i r r i n g ,  pipet  2 mL 
o f  sample i n t o  a 150 
pl a t  i num beaker.  

6 . 4 . 2  Add 1 5  mL of 70% HNO3 t o  t he  
beaker.  

6 . 4 . 3  Cover the beaker with a 
platinum l i d .  

6 . 4 . 4  Place  t h e  beaker on a 
h o t p l a t e  and evaporate  the 
contents t o  dryness .  

Make sure the  con ten t s  don ' t  bo i l  
o u t  of t h e  beaker  during this s t e p .  

6 . 4 . 5  Remove the beaker from the 
h o t p l a t e  and cool .  

162 . a '3 t' 
d :, L 
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6.0 SAMPLE PREPARATION (cont.) 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LAB 0 RATORY 
PROCEDURE 

OF URANIUH USING AN AUTOANALYZER 

PROCEDURE COMMENTS 

6.4.6 Transfer the beaker (wi th  
l i d )  t o  a mu f f l e  furnace and 
heat a t  1000°C f o r  2 hours. 

HETHOD 3002 

AREA: Inorgan ic  Ana lys i s  

6.4.7 Remove the beaker f rom the  
m u f f l e  furnace and cool .  

6.4.8 Add 5 mL o f  70% HN03 and 
5 mL o f  70% HC104 t o  the  
beaker. 

I 
Autho r i za t i on :  Supersedes : 

a 

Issue 

6.4.9 Place the beaker (wi th  l i d )  
on a ho tp la te  and evaporate 
the  contents t o  dryness. 

W. J. Never. Ana ly t i ca l  Laboratorv 

6.4.10 Remove the beaker f rom t h e  
ho tp la te  and cool .  

6.4.11 Rinse any res idue from t h e  
l i d  and the inner  w a l l s  o f  
t he  beaker i n t o  the  beaker 
w i t h  3M HNO and add several  

t he  beaker. 
drops o f  Na ib 02 s o l u t i o n  t o  

None Date: 05-84 

6.4.12 Place the  beaker, w i thou t  
t h e  l i d ,  on the  ho tp la te  and 
heat u n t i l  t he  evo lu t i on  o f  
orangelye1 1 ow gas stops. 

6.4.13 Remove the  beaker from the  
ho tp la te  and cool .  

6.4.14 Transfer  the  contents t o  a 
100 mL vo lumetr ic  f l ask ,  and 
add 5 mL o f  70% HNO , and 

d i s t i l  l e d  water. 
d i l u t e  t o  volume w i  i h 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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6.0 SAMPLE PREPARATION (cont  .) 

PROCEDURE 

ANALYTICAL THE COLORIHETRIC (BrPADAP) DETERMINATION 
LAB 0 RAT ORY 
PROCEDURE 

OF URANIUW USING AN AUTOANALYZER 

COMMENTS 

HETHOD 3002 

AREA: Inorganic  Analys is  

6.4.15 Pipet a s u i t a b l e  a l i q u o t  
from the 100 mL flask 
( u s u a l l y  2 o r - 5  mL and 
analyze t h e  sample according 
t o  S e c t i o n  7.1 .  

Authorizat ion:  Supersedes : 

6.5 For So i l  Samples 

- NOTE: A l iquo t  and d i l u t i o n  volumes g iven  below and i n  Table  I1 
(Attachment F) a r e  t e n t a t i v e  and may change a s  the sample 
composi t ion v a r i e s .  

I s sue  

6.5.1 

6.5.2 

6.5.3 

6.5.4 

6.5.5 

6.5.6 

.-. 
r,. ts- 2- 

Weigh about  1.5 grams of 
sample and transfer i t  t o  a 
125 mL Erlenmeyer flask. 
Record t h i s  sample weight on 
t h e  d a t a  c a r d  ( w ) ,  t o  the  
n e a r e s t  t e n t h  of a 
mi l l ig ram.  

Add 15 mL of 70% HN03 and 
15 mL of  70% HClO4 t o  the 
f l a s k .  

Place a Pyrex bu re t  funnel 
i n  t h e  neck of  the f l a s k .  

Place t h e  f l a s k  on a 
h o t p l a t e  and evaporate  the 
c o n t e n t s  t o  dryness .  

Remove t h e  f l a s k  from the 
h o t p l a t e  and cool. 

The s o i l  sample should have been 
d r i e d ,  ground and blended by the 
Sample Receiving Laboratory a s  per 
SOP ANL-40-0051. 

Rinse any r e s i d u e  from the 
funnel and the inne r  wal ls  
o f  t h e  f l a s k  i n t o  the f l a s k  
w i t h  3M HNO3, and add 
seve ra l  d rops  of NaN02 
s o l u t i o n  t o  the f l a s k .  

R - MATERIAL REVISED, ADDED, OR DELETED.  



AREA: Inorganic  Analys is  

6.0 SAMPLE PREPARATION (cont.) 

PROCEDURE 

6.5.7 Place t h e  f l a s k ,  w i thout  the 
funnel ,  on the  h o t p l a t e  and 
heat u n t i l  the evo lu t ion  o f  
orange/yel 1 ow gas stops. 

COMMENTS 

6.5.8 Remove t h e  f l a s k  f r o m  the 
h o t p l a t e  and cool .  

6.5.9 Analyze t h e  sample according 
t o  Sect ion 7 . 3 .  

The sample may need t o  be 
c e n t r i f u g e d  t o  separate t h e  aqueous 
and organic  phases. Consul t  t h e  
superv i  sor. 

6.6 For Magnesium F luor ide  (MgF2) Samples and a l l  Residue Samples Thought t o  
Contain F l u o r i d e  

- NOTE: A l i q u o t  and d i l u t i o n  volumes g iven below, and i n  Table I 1  
(Attachment F), are t e n t a t i v e  and may change as the  sample 
composi t ion changes from day t o  day. 

6.6.1 MgF2 samples should be 
ground and sieved (35 mesh) 
i n  t h e  Sample Receiving 
Laboratory  before being 
submit ted f o r  determinat ion 
o f  uranium. 

6.6.1.1 

6.6.1.2 

For samples marked "-35",  
weigh about 0.5 gram o f  
sample, and t r a n s f e r  t o  a 
100 mL p lat inum beaker. 
Record the  weight t o  the  
nearest  mi l l ig ram.  

For samples marked "t3511, 
weight  the  e n t i r e  sample 
and t r a n s f e r  t o  a 100 mL 
p l  a t  i num beaker. Record 
t h e  weight t o  the  nearest  
m i l l i g r a m .  

R - MATERIAL REVISED, ADDED, OR DELETED. 



THE COLORIMETRIC (BrPADAP) DETERMINATION 
OF URANIUH USING AN AUTOANALYZER 

AREA: Inorganic  Analysis  

6.0 SAMPLE PREPARATION (cont . )  

PROCEDURE 

6.6.2 

6.6.3 

6.6.4 

6.6.5 

6.6.6 

6.6.7 

6.6.8 

6.6.9 

$2 Is_ 

Add 10 mL of 70% HNO3 and 
35 mL of 70% HC104 t o  the 
beaker.  

Cover the beaker w i t h  i t s  
corresponding platinum l i d ,  
p lace  the beaker on a 
h o t p l a t e ,  and evaporate  the  
con ten t s  t o  dryness .  

Remove the beaker from the 
h o t p l a t e  and cool. 

Rinse any r e s idue  which  may 
have formed on the inne r  
wa l l s  of the beaker and l i d  
i n t o  the beaker w i t h  3M 
HNO . Add severa l  drops of 
NaN$ s o l u t i o n  t o  the 
beaker.  

Place the beaker back on the 
h o t p l a t e  and hea t  u n t i l  the 
evolu t ion  of orange/yel l  ow 
gas  stops. 

Remove t h e  beaker form the 
h o t p l a t e  and cool .  

T rans fe r  the sample t o  a 
100 mL volumetr ic  f l a s k ,  add 
5 mL of 70% HNO , and d i l u t e  

water .  
t o  volume with a i s t i l l e d  

P ipe t  a s u i t a b l e  a l i q u o t  
(usua l ly  2 or 5 mL) from the 
100 mL f l a s k  and analyze 
according t o  Sect ion 7 . 1 .  

COMMENTS 
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AREA: Inorganic Analysis 

6 . 0  SAMPLE PREPARATION (cont.) 
- 

PROCEDURE COMMENTS 

6.7 For All Residue Samples (Except Aqua Regia Insoluble Samples) Known t o  
Contain Negligible Amounts of Fluoride. 

- NOTE: Analyze fluoride free samples following Section 6.6, but use a 
125 mL Erlenmeyer f l a s k  w i t h  a funnel in Step 6.6.1 instead of 
p l  a t  i num beaker. 

6.8 For Aqua Regia Insoluble ( A . R . I . )  Samples 

- NOTE: A l i q u o t  and dilution volumes given below and i n  Table I1 
(Attachment F ) ,  are tentat ive and may change as the sample 
composition varies. 

6.8.1 Weigh about 0.5 gram of 
samDle and record the  weiqht 0 
t o  the nearest millig'ram." 

6.8.'2 Transfer the sample t o  a 
125 mL Erlenmeyer flask. 

6.8.3 Add 10 mL of 70% HNO3 and 
10 mL of 70% HC104 t o  the 
flask.  Place a pyrex buret 
funnel in the neck of the 
flask.  

6.8.4 Place the f lask on a hot 
plate  and evaporate the 
contents t o  dryness. 

6.8.5 Remove the flask from the 
hotplate and cool. 

6.8.6 Rinse any residue from the 
funnel and the inner walls 
of the f lask into the flask 
w i t h  3M HNO . Add several 

the flask. 
drops of Na il 02 solution t o  

* , i;) 1. 
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AREA: Ino rgan ic  Analys is  

6.0. SAMPLE PREPARATION (con t . )  

PROCEDURE CONMENTS 

6.8.7 

6.8.9 

6.8.10 

I 

Place the f lask,  w i t h o u t  t h e  
funnel, back on the h o t p l a t e  
u n t i l  the evo lu t ion  o f  
orange/yellow g a s  s tops .  

T rans fe r  the sample t o  a 
25 mL volumetr ic  f l a s k  and 
d i lu te  t o  volume w i t h  
d i s t i l l e d  water.  

Pipet a s u i t a b l e  a l i q u o t  
( u s u a l l y  2 o r  5 mL) from t h e  
25 mL f lask  and analyze 
accord ing  t o  Sec t ion  7.1. 

6 .9  For R a f f i n a t e  Cake Samples 

- NOTE: Al iquo t  and d i l u t i o n  volumes g iven  below and i n  Table I 1  
(Attachment F ) ,  a r e  t e n t a t i v e  and may change a s  the sample 
composition v a r i e s .  

6 .9 .1  Using t h e  T-handle co re  The combined weight o f  the two 
p o r t i o n s  should be 20-40 grams. sampler,  remove two 

r e p r e s e n t a t i v e  p o r t i o n s  and 
add t o  a c l e a n ,  t a r e d  
weighing d i sh .  Weigh t o  the 
n e a r e s t  0.1 gram. Record 
the net weight on a d a t a  
s h e e t .  T r a n s f e r  t h e  sample 
q u a n t i t a t i v e l y  t o  a newly 
c l eaned  600 mL beaker. 

6.9.2 Add 100 mL o f  70% HNO and 
100 mL o f  38% HC1 t o  z he 
sample i n  the beaker.  Place 
a watch g l a s s  on t o p  o f  t h e  
beaker.  
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ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERHINATION 
LABORATORY 
PROCEDURE 

Author iza t ion :  Supersedes: 
W. J. Never. Anal v t  i c a l  Laboratorv None 

OF URANIUM USING AN AUTOANALYZER 

6 . 0  SAMPLE PREPARATION (cont.) 

HnHOD 3002 

AREA: Inorgan ic  Analys is  

Issue 
Date: 05-84 

PROCEDURE COMMENTS 

6 . 9 . 3  Place the beaker on the  
h o t p l a t e  and evaporate t h e  
contents t o  about 100 mL. 
(This u s u a l l y  takes about an 
hour i f  a "Speedy-vap" watch 
glass i s  used.) 

6 . 9 . 4  Remove the beaker from t h e  
h o t p l a t e  and l e t  t h e  beaker 
and s o l u t i o n  cool  t o  room 
temperature. 

6 . 9 . 5  Rinse any res idue o r  
condensate which may have 
formed on the watch g lass  
i n t o  t h e  beaker w i th  
d i s t i l l e d  water. 

6 . 9 . 6  Transfer t h e  s o l u t i o n  f rom 
the beaker t o  a 250 mL 
volumetr ic  f l a s k  and d i l u t e  
t o  volume with d i s t i l l e d  
water. 

6 . 9 . 7  Pipet  an a l i q u o t  f rom t h e  
250 mL vo lumet r ic  f l a s k  
(usua l ly  2 o r  5 mL) i n t o  a 
125 mL Erlenmeyer f l a s k .  

6 . 9 . 8  Add 5 mL o f  70% HNO3 and 
5 mL of 70% HC104 t o  t h e  
sample i n  t h e  f l a s k .  

a 1' ! 

/ 
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6.9.9 . Place a Pyrex buret funnel 
in the neck of the flask,  
place the flask on a 
hotplate and evaporate the 
solution t o  dryness. 

Page 18 of 53 
I 

6.9.10 Remove the flask from the 
hotplate and cool. 

6.9.11 Rinse any residue from the 
funnel and the inner walls 
of the flask into the flask 
with 3M HNO . Add several 

the flask.  
drops of Na ii O2 solution t o  

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERHINATION 
LABORATORY 
PROCEDURE 

Authorization: Supersedes : 
W .  J. Neyer. Analytical Laboratory None 

OF URANIUM USING AN AUTOANALYZER 

6.9.12 Place the flask,  without the 
funnel, on the hotplate and 
heat u n t i l  the evolution of 
orange/yellow gas  stops. 

METHOD 3002 

AREA: Inorganic. Analysis 

Issue 
Date: 05-84 

... 

6.9.13 Remove the f lask from the 
hotplate and cool. 

6.9.14 Analyze the sample according 
t o  Section 7.1. 

7.0 PROCEDURE 

- NOTE: Before analyzing any standards or samples, see Attachment A, General 
Information Notes/Start-up Procedure. Change a l l  pump tubes weekly. 

PROCEDURE COMMENTS 

7.1 For Low Interference Samples 

7.1.1 Quantitatively t ransfer  the Refer t o  Section 6.0 for  dissolution 

# *  

7.1.1.1 Write the dilution used on 

dissolved sample t o  a instructions. 
culture tube with 3M HNO3. 

-. 7 70 
t .4  1 

each tube. 
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7.0 PROCEDURE (con t . ) 
PROCEDURE COMMENTS 

7.1.1.2 Analyze a blank i n  the 

7.1.2 

7.1.3 

7 .1 .4  

7 .1.5 

7.1.6 

same-manner as the samples 
are analyzed, substituting 
3M HNO3 fo r  the sample. 

Add 10 mL of extracting 
solution (Reagent 4 . 1 ) ,  
using a repipet reagent 
d i  spenser. 

Add 1 mL of ascorbic acid 
solution, us ing  a repipet 
reagent dispenser. 

Add 5 mL of TOPO-cyclohexane 
solution, us ing  a repipet 
reagent dispenser. 

Cap the tube  and shake i t  
for 1 minute on the Burrell 
Shaker. 

When the  phases separate, 
place the tube in position 
on the sampler. 

7.1.6.1 Set the timers for  2.0 
minutes "sample" and 4.5 
minutes " total" .  

7.1.6.2 Adjus t  the solution level 
w i t h  3M HNO3 so t h a t  the 
sample i s  taken from the 
organic 1 ayer. 

7.1 .6 .3  T u r n  on the pump 5 minutes 
prior t o  s tar t ing t h e  
sampler. 

Extracting volumes o f  TOPO- 
cyclohexane should be 5 mL only. 

The concentration of uranium 
extracted into the TOPO-cycl opexane 
should not exceed 30.0 ug mL' . 
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7.0 PROCEDURE (cont .) 

Page 20 o f  53 
Revision No. 1 I 

PROCEDURE 

7.1.7 The prompt message on the  
CRT should read ENTER 0 TO 
RUN CALIBRATION FACTORS, 
ENTER 1 TO RUN UNKNOWNS. 
Press 1 then ENDLINE. 

7.1.8 Te prompt message on the  CRT 
now reads ENTER NUMBER OF 

ANALYTICAL THE COLORIMETRIC (BrPADAP) OETERMINATION 
LABORATORY 
PROCEDURE 

Author izat ion:  Supersedes: 
W .  J. Never. Ana ly t i ca l  Laboratorv .None 

OF URANIUM USING AN AUTOANALYZER 

COMMENTS 

HETHOD 3002 

AREA: Inorganic  Analysis 

I ssue 
Date: 05-84 

Standardizat ion,  Sect ion 8.0 o f  t h i s  
procedure, must be completed before 
at tempt ing t o  analyze samples. The 
s tandard iza t ion  procedure i s  t o  be 
done a t  t he  beginning o f  each s h i f t .  

Do no t  analyze more than 6 samples 
per run. 

SAMPLES TO BE RUN. Press 
the numeric key 
corresponding t o  the  number 
o f  samples t o  be run  and 
press the  ENDLINE key. 

7.1.9 The prompt message on the  Example: f o r  l a b  number 10.402, 
CRT now reads ENTER LAB 
NUMBERS OF SAMPLES I N  ORDER 
THAT THEY WILL BE ANALYZED. 
Press the  numeric keys 
corresponding t o  the  sample 
l a b  number and press ENDLINE 
f o r  each sample. 

press 10.0402 and ENDLINE. 
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7 . 1 . 1 1  
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ANALYTICAL THE COLORIHETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

Author izat ion:  Supersedes : 
W. J. Never. Ana ly t i ca l  Laboratory None 

OF URANIUH USING AN AUTOANALYZER 

a. 

METHOD 3002 

AREA: Inorganic  Analys is  

Issue 
-Date: 05-84  

For each sample, a f t e r  the  
number o f  d i l u t i o n s  i s  
entered, the CRT w i l l  
d i s p l a y  one o f  the fo l l ow ing  
messages ( 7 . 1 . 1 1 . 1  - 
7 . 1 . 1 1 . 4 ) ,  depending on the  
e n t r y  made i n  Step 7 . 1 . 1 0  
above. Press the  numeric 
keys corresponding t o  the 
proper a l i quo t  and d i l u t i o n  
volumes and press ENDLINE, 
i n  response t o  the 
appl i cab1 e CRT message. 

. 1  I f  the  number o f  d i l u t i o n s  Example: I f  2 of a sample i s  
entered i s  1 ,  the message 
w i l l  read ENTER ALIQUOT 
( l ) ,  VOLUME ( 1 ) .  

d i l u t e d  t o  5 mL, the  number o f  
d i l u t i o n s  = 1 ,  Al iquot  ( 1 )  = 2 mL, 
and Volume ( 1 )  = 5 mL. Press 2,s 
ENDLINE. The p r i n t o u t  w i l l  d i sp lay  
2-5 .  

173 
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ANALYTICAL THE COLORIMETRIC (BrPADAP) DETEMINATION 
LABORATORY 
PROCEDURE 

Author izat ion:  Supersedes: 
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, OF URANIUM USING AN AUTOANALYZER 
METHOD 3002 

AREA: Inorganic  Analys is  

Issue 
Date: 05-84 

PROCEDURE COMMENTS 

7.1.11.2 I f  the number o f  d i l u t i o n s  
entered i s  2, the  message 
w i l l  read ENTER ALIQUOT 
(11, VOLUME (1)s A W ,  
V ( 2 )  

7.1.11.3 I f  the number o f  d i l u t i o n s  
entered i s  3, the message 
w i l l  read ENTER ALIQUOT 
(1), VOLUME (11, A W ,  
V(2), A ( 3 L  Q 3 ) .  

7.1.11.4 If the number o f  d i l u t i o n s  
entered i s  4, the  message 
w i l l  read ENTER ALIQUOT 
(1) ,VOLUME (11, A(2 ) ,  
V ( 2 L  4 3 1 ,  V(3), A(41, 
W4). 

7.1.12 A f t e r  a l l  d i l u t i o n s  are 
entered, t he  CRT prompt 
message w i l l  read TYPE 
CONCENTRfTION UNITS; ENTER 1 
FO U gL' , 2 FOR U #/GAL., 3 
FOR U PPM, 4 FOR % U, AND 5 
FOR TOTAL U mg. 
number entered a t  Step 7.1.9 
w i l l  be brought up one a t  a 
t ime on t h e  CRT. Press the 
numeric key (1,2,3,4, o r  5) 
corresponding t o  the  des i red 
concentrat ion un i t s ,  then 
press ENDLINE. 

Each l a b  

L 7  -<: i 1 

Example: I f  t h e  number o f  d i l u t i o n s  
= 4, A l i q u o t  (1) = 10 mL, Volume (1) 
= 100 mL, A(2) = 5 mL, V(2) = 
100 mL, A(3)  = 5 mL, V(3) - 50 mL, 
A(4)  = 5 mL, V(4) = 5 mL, press 
10,100,5,100,5,50,5,5 ENDLINE. The 
p r i n t o u t  w i l l  d i s p l a y  

The e n t r i e s  # l  and 2, f o r  U g/L'l, 
and U#/fAL, will a lso  p r i n t  
U mg/L' . 

0 
10-100-5-100-5-50-5-5. 

Entry  P5 f o r  Total U mg i s  t o  be 
used for Stack F i l t e r s .  

174 
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THE COLORIMETRIC (BrPADAP) DETEMINATION 
OF URANIUM USING AN AUTOANALYZER 

AREA: Inorganic Analysis 

7.0 PROCEDURE (cont . ) 
PROCEDURE COMMENTS 

7.1.12.1 If key 3 (U ppm) or key 4 
(%U) is pressed, a further 
input is required for the 
sample. The prompt 
message on the CRT will 
read ENTER WEIGHT N GRAMS 
OF SAMPLE. Simply type in 
the weight and press 
ENDLINE. 

7.1.13 After the concentration 
units for the last sample 
have been selected, the CRT 
will display the following 
message: TURN PUMP AND 
RECORDER ON AND ALLOW TO 
COME TO EQUILIBRIUM. Do as 
instructed. 

1 
It should take no more than 5 
minutes for the system to come to 
equilibrium (indicated by a steady 
baseline). If equilibrium is not 
obtained in 5 minutes, consult the 
supervisor. 

7.1.14 The CRT will now read ENTER 
1.0 AS SOON AS SAMPLER IS 
INITIATED. If the system 
has come to equilibrium, 
press the START button on 
the sampler and immediately 
press 1.0 and then ENDLINE. 

7.1.15 During the sample run, the Example: Attachment I, Sample Oata 
computer will present the Sheet. 
following information for 
each sample: 

7.1.15.1 LAB NUMBER. 

7.1.15.2 DILUTIONS (aliquots and 

7.1.15.3 DILUTION FACTOR. 

volumes) . 

175 
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THE COLORIHETRIC (BrPADAP) DETE 
OF URANIUH USING AN AUTOANALYZER 

AREA: Inorganic  Analysis  

7 .O PROCEDURE (cont  . ) 
PROCEDURE 

7.1.15.4 BASE LINE. 

7.1.15.5 PEAK HEIGHT. 

7.1.15.6 CORRECTED % ABS (which i s  
peak he igh t  l e s s  base l i n e  
f Blank).  I f  co r rec t ed  % 
ABS is  g r e a t e r  t h a n  230, 
the sample must be d i l u t e d  
o r  a smal ler  a1 iquot  
taken .  I f  co r rec t ed  % ABS 
is less than 10 and 
d i l u t i o n  factor i s  10 o r  
more, ( f o r  example 
5-50-5-5), a l a r g e r  
a l i q u o t  must be taken.  

COMMENTS 

All % ABS readings  appear ing  i n  th i s  
method mean percent of  full  s c a l e  
absorbance. Compare the strip-chart 
recording of the sample t o  the 
computer p r i n t o u t .  I f  t hey  don’t  
agree w i t h i n  2.0% ABS units, then 
the  concent ra t ion  must be c a l c u l a t e d  
manually (see s e c t i o n  9.0), and the  strip-chart record ing  must be - 

the  da ta  a r e  submit ted for approval .  
at tached t o  the d a t a  sheet before  

7.1.15.7 WEIGHT OF SAMPLE ( i f  
s p e c i f i e d ) .  

7.1.15.8 FACTOR ( c a l i b r a t i o n  
f a c t o r ) .  

7.1.15.9 CONCENTRATION IN.. . (units 
s p e c i f i e d  i n  S tep  7.1.12) .  

7.1.16 Afte r  a l l  samples have been Refer t o  Step 5.4 f o r  d i s p o s a l  of 
Hazardous Materi a1 . analyzed i n  t h i s  r u n ,  the 

CRT will d i s p l a y  the same 
message a s  s t a t e d  i n  S t ep  
7.1.7: ENTER 0 TO RUN 
CALIBRATION FACTORS, ENTER 1 
TO RUN UNKNOWNS. 

7 .2  For Samples Containing More Than 10 Grams per Liter Thorium 

7.2 .1  Transfer  a d i s so lved  samp7e Perform Sec t ion  8.2 befo re  analyzing 
t h a t  c o n t a i n s  2.0 f 
0.1 grams o f  thorium t o  a 
100 mL volumetr ic  f l a s k .  

any samples. 

See Section 6.3 f o r  d i s s o l u t i o n  
7 - w  1 i n s t ruc t ions .  
: r 7 i l i  I 
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7.2.2 

7.2.3 

7.2.4 

7.2.5 

7.2.6 

7.2.7 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

Authorization: Supersedes : 
W .  J .  Never. Analytical Laboratory None 

OF URANIUH USING AN AUTOANALYZER 

Add 50 mL 
acid solut 
to the f l a  

WETHOD 3002 

AREA: Inorganic Analysis 

Issue -. 
Date: 05-84 

of HF-HN03 mixed 
ion (Reagent 4.10) grams of thorium. If l e s s  thorium 
sk. 

This procedure is  designed f o r  2 

i s  used, the volume of mixed acid 
must be adjusted proportionately. 

Add 5 mL of TOPO-cyclohexane 
solution, using a repipet 
reagent dispenser. 

Add 2 mL of ascorbic acid 
solution, using a repipet 
reagent dispenser. 

Stopper the f lask  and shake 
i t  for  2 minutes. 

Add 3 
u n t i l  the organic layer i s  
brought into the neck of the 
flask. 

HN03 t o  the f lask 

Transfer t h e  organic t o  a 
culture tube. 

Use a p i p e t  t o  t ransfer  the organic. 

7.2.7.1 Write the di lut ion used on 
the tube .  

7.2.8 Add 10 mL of extracting 
solution t o  the tube, using 
a repipet reagent dispenser. 

through 7.1.16 of th i s  
method. 

7.2.9 Proceed with Steps 7.1.5 

7.3 For Samples Containing More than 10 Grams per Liter Zirconium (ZIRNLO) and 
for  Lime Slurry Samples. 

7.3.1 Transfer a dissolved sample 
containing no more t h a n  
0.05 gram of zirconium into 
a 60 mL separatory funnel. 

See Section 6.See Section 6.1 for 
dissolution instructions.  

I 77  
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7.0 PROCEDURE (cont.) - 

PROCEDURE 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

Authorization: Supersedes : 
W .  J. Never. Analvtical Laboratorv -None 

OF URANIUH USING AN AUTOANALYZER 

7.3.2 

7.3.3 

7.3.4 

7.3.5 

7.3.6 

7.3.7 

METHOD 3002 

AREA: Inorganic Analysis 

Issue 
Date: 05-84 

Add 10 mL of extracting 
solution, using a repipet 
reagent dispenser. 

Add 1 mL o f  ascorbic acid 
solution, using a repipet 
reagent dispenser. 

Add 5 mL of TOPO-cyclohexane 
solution, using a repipet 
reagent dispenser. 

Stopper the funnel and shake 
it for 2 minutes. 

COMMENTS 

Discard the aqueous layer 
and repeat Steps 7.3.2, 
7.3.3, and 7.3.5. Then 
proceed with Step 7.3.7. 

Transfer the organic to a 
culture tube. 

Omit Step 7.3.4. 

Use a pipet to transfer the organic. 

7.3.7.1 Write the dilution used on 
the tube. 

7.3.8 

7.3.9 

7.3.10 

7.3.11 

" I- 
\ > ! .  

R - MATERIAL 

Add 10 mL of extracting 
solution to the tube, using 
a repipet reagent dispenser. 

Add 1 mL of ascorbic acid 
solution, using a repipet 
reagent dispenser. 

Cap the tube and shake it 
for 2 minutes on the Burrell 
Shaker. 

Proceed with Steps 7.1.6 
through 7.1.16. 
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INGHOUSE MATE 

AREA: Inorganic Analysis 

8.0 STANDARDIZATION 

- NOTE: Standardization must be performed at the beginning of each shift. 
See Attachment A, for Start-up Procedure. 

PROCEDURE COMMENTS 

8.1 For Sections 7.1 and 7.3 

8.1.1 Pipet appropriate aliquots 
of the 0.025 g/L-' 
calibration standard into 
culture tubes. 

Use 0, 1, 2, 3, and 5 mL aliquots 
(the aliquot of 10 mL is for a 
bl ank) . 
The computer program assumes these 
aliquots are used. 

8.1.2 Add 5 mL of TOPO-cyclohexane 
to each tube, using a a repipet reagent dispenser. 

8.1.3 Add 10 mL o f  extracting 
solution to each tube, using 
a repipet reagent dispenser. 

8.1.4 Add 1 mL of ascorbic acid 
solution to each tube, using 
a repipet reagent dispenser. 

8.1..5 Cap the tubes and shake for 
1 minute on the Burrell 
Shaker. 

8.1.6 When the phases separate, 
place the tube in position 
on the sampler. 

Set the timers for 2.0 
minutes "sample" and 4.5 
minutes "total". 

8.1.6.1 

179 
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PROCEDURE 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERHINATION 
LABORATORY 
PROCEDURE 

Author iza t ion :  Supersedes : 
W. J. Never, Anal v t  i ca l  Laboratory 

OF URANIUH USING AN AUTOANALYZER 

None 

8.1.6.2 Adjust  the s o l u t i o n  l e v e l  
w i t h  3M HNO3 so t h a t  t he  
sample i s  taken f r o m  the  
organic 1 ayer. 

HETHOD 3002 

AREA: I no rgan ic  Analys is  

Issue 
Date: 05-84 

8.1.6.3 Turn on the pump 5 minutes 
p r i o r  t o  s t a r t i n g  the  
sampl e r  

8.1.7 Turn on the power t o  t he  
HP-85 and then i n s e r t  t he  
tape cassette t h a t  has a 
program e n t i  t l ed "LOW U" 
i n t o  the  HP-85. 

8.1.8 Press the LOAD key and type 
"LOW U" ( inc lude quota t ion  
marks) then press ENDLINE. 

COMMENTS 

This opera t ion  erases t h e  prev ious a 
program f r o m  the computer's memory 
and places t h e  program e n t i t l e d  "LOW 
U" i n t o  the  c u r r e n t  memory. 

The i n d i c a t o r  l i g h t  under t h e  tape 
d r i v e  w i l l  go ou t  when t h e  program 
i s  loaded i n t o  the  computer's 
memory . 

8.1.9 Press the  RUN key. 

8.1.10 The fo l l ow ing  prompt message 
w i l l  appear on t h e  CRT: 
ENTER YOUR LAST NAME, FIRST 
INITIAL. Type i n  your  l a s t  

.name, f i r s t  i n i t i a l ,  then 
press ENDLINE. 

8.1.11 The prompt message on the  
CRT w i l l  now read ENTER 
TODAY'S DATE ( i n  f o r m  o f  
J u l y  26, 1983). Type i n  
today's date as demonstrated 
and then press ENDLINE. + t 

f.. ? L 

EXAMPLE : 

Name: John Doe 
Entry: Doe, J ENDLINE 

The comma must be typed in. 

The name and date en tered  i n  Steps 
8.1.10 and 8.1.11 w i l l  be p r i n t e d  
w i th  each r e s u l t  from t h e  computer 
u n t i l  s tandard iza t ion  i s  performed 
again. 

R - MATERIAL REVISED, ADDED, OR DELETED. 



LABORATORY 
PROCEDURE 

8.1.12 The prompt message on the 
CRT will now read ENTER 0 TO 
RUN CALI BRAT ION FACTORS, 
ENTER 1 TO RUN UNKNOWNS. 
Press 0, then ENDLINE. 

OF URANIUM USING AUTOANALYZER 

8.1.13 The prompt message will now 
read ENTER CONCENTRATION OF 
STANDARP USED FOR FACTORS 
(U g/L' ). Type in t e 

units, then press ENDLINE. 

8.1.14 The prompt message on the 
CRT will now read PLACE 
BLANK IN POSITION #1 OF 
SAMPLER FOLLOWED BY FACTORS. 
Do as instructed, arranging 
factors on sampler from 
least concentrated to most 
concentrated. 

concentration in g/L' P 

Authorization: 
W .  J. Never. Analytical Laboratorv 

8.1.15 Turn the pump and recorder 
on and allow the system to 
come to equilibrium. 

Supersedes : 
None 

8.1.16 The CRT prompt will now read 
START SAMPLER AND ENTER 1 .O 
TO START PROGRAM RUNNING. 
Press the sampler START 
button and immediately press 
1.0 and then ENDLINE. 

METHOD 3002 

AREA: Inorganic Analysis 

Issue 
Date: 05-84 

Exampl e : 

When concen ration o f  std. is 
0.0250 g/L-' U, press 0.0250 
ENDLINE. 

It should take no more than 5 
minutes for the system to come to 
equilibrium (indicated by a steady 
baseline). If equilibrium is not 
obtained in 5 minutes, consult the 
supervisor. 

Refer t o  Step 5.4 for disposal o f  
Hazardous Materi a1 s. 

R - MATERIAL REVISED, ADDED, OR DELETED. 



AREA: Inorganic  Analysis  
I 

Author iza t ion :  Supersedes : 1 ssue 
W .  J. Never. Analvtical  Laboratorv None Date: 05-84 

8.0 STANDARDIZATION (con t . )  

PROCEDURE 

8.1.17 The computer wi l l  t h e n  
determine and p r i n t  the 
reagent  blank, 4 f a c t o r s ,  
and 3 break poin ts .  

8.1.18 When s tandard iza t ion  i s  
complete, the computer w i  11 
r e t u r n  t o  the prompt message 
as s t a t e d  in  Step 8.1.12, 
ready t o  analyze unknowns o r  
rerun f a c t o r s .  

8.2 Standardizat ion for Sect ion 7 . 2  

8.2.1 Pipe t  5 mL of t he  thorium 
c a l i b r a t i o n  f a c t o r  s tandard  
(Reagent 4.12.1) i n t o  a 
100 mL volumetric f l a s k ;  

8.2.2 P i p e t  5 mL of the thorium 
blank so lu t ion  
(Reagent 4.12.2) i n t o  a 
second 100 mL f l a s k .  

8.2.3 Proceed with Steps 7.2.2 
through 7.2.9, for both the 
blank and the standard.  

COMMENTS 

See Sect ion 9.0 f o r  d e t a i l s  of  the 
determinat ions o f  blank,  f a c t o r s ,  
and break po in t s .  

See Attachment B, for i n s t r u c t i o n s  
on how t o  c ross -check  f a c t o r s .  

See Attachment C ,  for instructions , 

on how t o  e n t e r  f a c t o r s  manually. 

See Attachment D, f o r  i n s t r u c t i o n s  
on how t o  re ini t ia l ize  program while 
r e t a in ing  o l d  f a c t o r s .  

Refer t o  Step 5.4 f o r  d i sposa l  of 
Hazardous Materi a1 . 
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ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERHINATION 
LABORATORY 
PROCEDURE 

Authorization: Supersedes : 
W .  J. Never, Analytical Laboratorv None 

OF URANIUH USING AN AUTOANALYZER 

9.1 For Sections 7.1 and 7.3 

HETHOD 3002 

AREA: Inorganic Analysis 

Issue 
Date: 05-84 

Let: 

R =  
D =  
L =  
B =  
s =  
A =  
c =  
F =  
T =  z =  
Y =  
V =  
v1 = 
al = 
v2 = 
w =  

Uncorrected reading for sample solution (%ABS) 
Uncorrected reading for reagent blank (%ABS) 
Base line reading (%ABS) 
Corrected reading for reagent blank in (%ABS) 
Total correction for base line and blank (%ABS) 
Reading of sample solution corrected for f (%ABS) 
Uranium concentration of standard (mg/mL’ ) 
Factor for converting reading to U mg/mL-l (Umg%ABS-l mL-l) 
Break point (%ABS) 
Dilution factor for pipetted aliquot 
Dilution factor for weighed aliquot 
Initial volume o f  sample (mL) 
First diluted volume (mL) 
First aliquot (mL) 
Second volume (mL) 
Weight of aliquot (grams) 

Then: 

9.1.1 B = D - L 
Examples: 

L = 1.0 
D = 0.0 
B = 0.0 - 1.0 = -1.0 

I83  
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ANALYTICAL THE COLORIMETRIC (BrPADAP) DETEMINATION 
LABORATORY 
PROCEDURE 

Author iza t ion :  Supersedes : 
W. 3. Never, Ana ly t i ca l  Laboratory -None 

OF URANIUM USING AN AUTOANALYZER 

9 .0  CALCULATIONS (cont  . ) 

METHOD 3002 

AREA: Inorgan ic  Analys is  

Issue 
Date: 05-84 

9.1.2 S = L t 8 

Exampl es : 

(a) L = 1.5 
8 = 1.0 
S . =  1.5 t 1.0 = 2.5  

(b) L = 1.5 
B =I -1.0 
S = 1.5 - 1.0 0.5 

9.1.3 A = R - S 

Exampl es : 

' R = 2 5 . 5  
S = 0.5 
A = 25.5 - 0.5  = 25.0 

C 9.1.4 F - A 

Exampl es : 

C = 0.005 mgmL'l 
A = 38.4 

= 0.000130 0.0050 
38.4 F =  

I 8 d 
R - MATERIAL REVISED,  ADDED, OR DELETED. 



. .  . ... - 
MESTINGHOUSE MATERIALS COMPANY OF OHIO Page 33 o f  53 3497 

I 

- A(n) + A (n+lZ 
2 9.1.5 T(n) - 

ANALYTICAL THE COLORIRETRIC (BrPADAP) DETERHINATION 
LABORATORY 
PROCEDURE 

Author i za t i on : 
W. 3 .  Never. Ana ly t i ca l  Laboratorv None 

OF URANIUH USING AN AUTOANALYZER 

Supersedes : 

Examples: 

HETHOD 3002 

AREA: I no rgan ic  Analysis 

Issue 
Date: 05-84 

A ( l )  = 38.4 = corrected reading f o r  f i r s t  standard 

A(2 )  = 75.4 = corrected reading f o r  second standard 

38.4 + 75.4 e 56.9 
2 T ( l )  = f i r s t  break p o i n t  = 

- NOTE: Break po in ts  are used t o  compensate f o r  t he  s l i g h t  n o n l i n e a r i t y  
o f  co lor imeter  response uranium concent ra t ion  ( L e .  - the four  
fac to rs  won’t be i d e n t i c a l ) .  I n  reference t o  t h e  example above, 
the faTtor  (F) ca l cu la ted  w i t h  A ( l )  would be used f o r  any samples 
w i t h  A- 56.9, and the  f a c t o r  ( F )  ca lcu la ted  wi th  A(2) would be 
used f o r  any samples w i t h  A> 56.9 and 5 T(2) .  

9.1.6 v1 v2 z =  
v x a1 

Exampl es : 

v = 2.00 mL 
v1 = 5.00 mL 

= 2.5 5 
2 z =  

9.1.7 v1 v2 
Y =  

w x a1 

Examples: 

w = 1.00 g 
v1 = 100 mL 
al = 5.00 mL 
v2 -- 5.00 mL 

.c>‘ .’ c:, . 0 . 
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AREA: Inorgan ic  Analys is  

Author izat ion : Supersedes : Issue 

9.1.8 U g/L- l  = FAZ 

W. 3.  Never, A n a l y t i c a l  Laboratory 

Exampl es : 

None Date: 05-84 

F = 0.000132 
A = 20.0 
Z = 2.5 

U g/L'l = 0.000132 x 20.0 x 2.5 = 0.007 

9.1.9 u ug/rnL-1 = 1000 FAZ 

Exampl es : 

F = 0.000132 
A = 20.0 
Z = 2.5 

U ~g/mL-' = 1000 x 0.000132 x 20.0 x 2.5 = 6.6 

FAY 9.1.10 % u = - 
10 

Exarnpl es : 

F = 0.000132 
A = 40.0 
Y - 100 rnL/g-l 

0.000132 x 40.0 x 100 
10 

= 0.053 % U  = 

9.1.11 U ppm = 1000 FAY 

Exampl es : 

F = 0.000132 
A = 40.0 

, Y = 100 rnL/g-l 

U ppm = 1000 x 0.000132 x 40.0 x 100 = 528 

186 
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THE COLORIHETRIC (BrPADAP) DETERMINATION 
OF URANIUM USING AN AUTOANALYZER 

9.0 CALCULATIONS (cont.) 

9.2 For Section 7.2 

9.2.1 U ppm (Th basis)  = 1.000.000 FAZ 
Th 

Where: Th = Thorium g/L- l  

Exampl es : 

F = 0.000132 
A = 15.0 
z - 1.0 
Th = 250 g/L-' 

1,000.000 x 0.000132 x 15.0 x 1.0 = 7.9 U ppm (Th basis)  = 
250 

FAY 9.2.2 U ppm (Th basis)  = 100,000 - 
Th 

Where: Th = % Th 

Exarnpl e: 

F = 0.000132 
A = 10.0 
Y = 5  
Th = 87.5% 

100.000 x 0.000132 x 10.0 x 5 = 7.5 U ppm (Th basis)  = 
87.5 

10.0 PRECISION AND ACCURACY 

10.1 The l i m i t s  of de tec t ion  f o r  t h i s  method are 0.0001 i n  g/L-', 0.000001 i n  
#/gal,  0.001 i n  %, and 0.1 i n  ppm. 

R - MATERIAL R E V I S E D ,  ADDED, OR DELETED. 
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NO. OF f LEX AVERAGE 
SAMPLE TYPE DETERM I NAT I ON SAMPLES 95% C.L. CONC. LEVEL 

Sump "E" u Col ( t o .  11 g/L) 138 0.004 0.024 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

Authori za t  i on : 
W .  3 .  Never. Ana ly t i ca l  Laboratory None 

OF URANIUM USING AN AUTOANALYZER 

Supersedes: 

Sump "E" U C O ~  (0.11-0.50 g/L) 166 0.032 0.27 

Sump E" U C O ~  (0.51- 1.00 g/L) 148 0.061 0.71 

Sump "E" U C O I  (1.01- 5.00 g/L) 205 0.19 2.03 

Residues U Col B r  PADP (%) 48 0.70 2.90 

HETHOD 3002 

AREA: Inorgan ic  Analys is  

Issue 
Date: 05-84 

11.0 OUALITY ASSURANCE 

11.1 Analyze a 0.0300 g /L- l  Uranium Reference Standard a t  t h e  beginning, 
middle, and end o f  each s h i f t ,  and a d d i t i o n a l l y  as t h e  ana lys t  deems 
necessary. Ac eptable values f o r  t h i s  standard f a l l  i n  t h e  range 0.0284 
t o  0.0316 g/L-t uranium. 

a d d i t i o n a l  SAQA unknown samples according t o  the  v a r i e t y  o f  p l a n t  samples 
rece ived  and the a v a i l a b i l i t y  of corresponding SAQA c o n t r o l s .  

11.2 Analyze a t  l e a s t  one SAQA con t ro l  sample du r ing  each s h i f t .  Analyze 

11.3 Us ing  a se t  of weights, check the  c a l i b r a t i o n  o f  the balance each day. 
Record t h e  performance check i n  a bound notebook. 

11.4 Ensure t h a t  service, ca l  
p r o f e s s i o n a l l y  performed 

11.5 Ensure t h a t  a l l  ca l cu la t  
r e p o r t i n g  resu l t s .  

. .  
'4 'r- E. 

bra t ion ,  and maintenance o f  t h e  balance are  
a t  s i x  month i n t e r v a l s .  

ons are cross-checked f o r  accuracy be fore  

R - MATERIAL REVISED, ADDED, OR DELETED. 
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SITE SERVICES DOCUMENT PROGRAM 

12.6 V . R .  Gill, 6 
ComDuter to Determine Uranium concentrations by Br PADAP Colorimetric 
Method, March 1984. 

12.7 Hewlett Packard, HP-82941A BCD Interface Owner's Manual. Series 80, 1082. 
, -  

13.0 ATTACHMENTS 

13.1 Attachment A - General Information Notes/Start-Up Procedure 
13.2 Attachment B - Cross-Checking Factors 
13.3 Attachment C - Manual Entry of Factors 

13.4 Attachment D - Reloading Program 
13.5 Attachment E - Table I (AQUEOUS SAMPLE PREPARATION) 
13.6 Attachment F - Table I 1  (SOLID SAMPLE PREPARATION) 
13.7 Attachment G - Table I 1 1  (PUMP TUBES AND INSTRUMENT SET-UP) 
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13.8 Attachment H - List of All Steps in Program Entitled "Low U" 

13.9 Attachment I - Sample Data Worksheets 
13.10 Attachment 3 - Structure of Br PADAP 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

Authorization: Supersedes: 
W. 3. Never, Anal yt i cal Laboratory None 

OF URANIUM USING AN AUTOANALYZER 
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LABORATORY 
PROCEDURE 

PROCEDURE 

OF URANIUM USING AN AUTOANALYZER 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

Authorization: 

T u r n  the recorder, colorimeter, 
pump, DVM, and HP-85 ON a t  l e a s t  
15 minutes prior t o  making 
adjustments . 

Supersedes: 

Rotate the 5 position 
colorimeter switch t o  ZERO. 
T u r n  the recorder chart drive 
ON. 

If  necessary, ad jus t  the 
recorder t o  zero w i t h  the ZERO 
ADJUST potentiometer on the 
recorder. 
read 0 f 0.5, contact the 
Electronics Laboratory.) 

( I f  the DVM does not 

Rotate the 5 position switch on 
the colorimeter t o  FULL SCALE. 

I f  necessary, adjust the FULL 
SCALE potentiometer until the 
recorder pen reaches 100%. 
Adjus t  DVM t o  read 100.0 by 
turning the adjustment screw on 
the ATTENUATOR BOX t h a t  connects 
the DVM t o  the colorimeter. 

COMMENTS 

I 

I 

HETHOD 3002 

AREA: Inorganic Analysis 

Issue 
Date: 05-84 

Recheck zero and ful l  scale a f t e r  
maki ng ad jus tmen t s . 

Rotate'the 5 position switch on 
the colorimeter t o  NORMAL. normal sett ing,  use the DAMP I 

If signals are excessively noisy on 

setting. 

I f  necessary, ad jus t  the BASE- 
LINE potentiometer t o  about  5% 
of fu l l  scale. 

Adjust  the recorder t o  read 
about 95% of ful l  scale when a 

Use the STD CAL potentiometer of the 
colorimeter t o  make the adjustment. 

15.0 ug/mL'' standard has 
reached i t s  peak. 

--..I z.A 

GENERAL INFORMATION NOTESJSTART-UP PROCEDURE 
5' 

f 7 . d  I* 
Attachment A I W  . - N E R A L  INFOKNAllUN NUlt3/31AKI-Ur t'KULtUUKt 

Attachment A I W  
R - MATERIAL REVISED, ADDED, OR D E L E T E D .  



WESTINGHOUSE MATERIALS COMPANY OF OHIO 

1.0 Compare corrected % A8S. (A) from the Computer to the corresponding strip 
chart recording. 
reading is acceptable. 
make sure the timer i s  set at 2.0 minutes for sampling and 2.5 minutes for 
washing (4.5 minutes total). 
supervisor. 

If they agree within f 2.0, then the computer printout 
If they don't agree within f 2.0, then check to 

If the timer is set properly, consult the 
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CROSS-CHECKING FACTORS 
Attachment B 

METHOD 3002 

AREA: Inorganic Analysis 

Issue 
-Date: 05-84 
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1.0 I f  the  analyst  chooses t o  e n t e r  a blank, 4 fac to rs ,  and 3 break p o i n t s  
manually, w i thou t  a c t u a l l y  analyz ing them again, the  f o l l o w i n g  procedure 
must be fol lowed. 
the  analyst  makes an i n c o r r e c t  entry,  o r  when a b lank o r  f a c t o r  i s  found 
t o  be d i f f e r e n t  than the  va lue ca l cu la ted  by t he  computer.) 

(This might be necessary fol. lowing a power outage, when 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETEMINATION 
LAB 0 RAT0 RY 
PROCEDURE 

Au tho r i za t i on  : Supersedes : 
W. 3 .  Never. Anal v t  i c a l  Laboratorv None 

OF URANIUM USING AN AUTOANALYZER 

1.1 Press STEP/PAUSE. 

1.2 Press RUN. 

HETHOD 3002 

AREA: I n o r g a n i c  Analys is  

Issue 
Date: 05-84 

1.3 Type i n  your name as requested by t h e  prompt message. 

1.4 Press ENDLINE. 

1.5 Type i n  today's date as requested by the  prompt message. 

1.6 Press ENDLINE. 

1.7 The prompt message w i l l  now read ENTER 0 TO RUN CALIBRATION FACTORS, ENTER 
1 TO RUN UNKNOWN. 

1.8 Enter the  fo l lowing se t  of data, f i l l i n g  i n  t h e  blanks wi th  t h e  values 
t h a t  were being used before t h e  need f o r  manual f a c t o r  e n t r y  arose, o r  
w i t h  the  manually ca l cu la ted  values. 

Press STEP/PAUSE. 

ENDLINE 
ENDL I NE 
ENDLINE 
ENDLINE 
ENDL I NE 
ENDLINE 
ENDLINE 
ENDLINE 

- 
- 
- 
- 
- 
- 
- 

- NOTE: Calcu lat ions t o  determine t h e  blank, fac to rs ,  and break p o i n t s  are 
i n  Sect ion 9.0. 

1.9 Press SCRATCH/CONT. 

MANUAL ENTRY OF FACTORS 
Attachment C 
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ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

Author izat ion:  Supersedes : 
W. J. Never. Ana ly t i ca l  Laboratory  None 

OF URANIUH USING AN AUTOANALYZER 

1.10 Press SHIFT and then COPY. A Copy o f  the  da ta  entered i n  Step 1.8 w i l l  be 
Have t h i s  copy cross-checked and a t t a c h  i t  t o  the  appropr ia te p r in ted .  

Cal ibrat ion/Maintenance l o g  book. 

HETHOD 3002 

AREA: Inorganic  Ana lys is  

Issue 
-Date: 05-84 

1.11 Now you are ready t o  respond t o  the  prompt message ENTER 0 TO -RUN 
CALIBRATION FACTORS, ENTER 1 TO RUN UNKNOWN. Press 1 then ENDLINE. 

MANUAL ENTRY OF FACTORS 
Attachment C (cont .) 

193 
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AREA: I n o r g a n i c  Analysis 
I Author iza t ion :  Supersedes : I s s u e  

W .  J. Never, Anal y t i c a l  Laboratory None Date: 05-84 

1.0 

1.1 

1 .2  

1.3 

In some cases fo l lowing  erroneous d a t a  en t ry ,  the a n a l y s t  may want t o  go 
back t o  the s t a r t  o f  the program, without having t o  r e s t a n d a r d i z e  or  
manually enter t h e  f a c t o r s  (as ou t l ined  i n  Attachment C ) .  
program while r e t a i n i n g  t h e  f a c t o r s  t h a t  were i n  use, perform t h e  
following steps. 

To restart the 

Press STEP/PAUSE. 

Type CHAIN "LOW U "  and press ENDLINE. 

T h i s  ac t ion  will r e l o a d  the program e n t i t l e d  LOW U i n t o  memory and s t a r t  
t h e  program running whi le  a t  t h e  same time r e t a i n i n g  t h e  b lank ,  factors, 
and break p o i n t s .  

Now your a r e  ready t o  respond t o  the prompt message, ENTER 0 TO RUN 
CALIBRATION FACTORS, ENTER 1 TO RUN UNKNOWNS. 

RELOADING PROGRAM 
Attachment 0 694 
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THE COLORIHETRIC (BrPADAP) DETERMINATION 
OF URANIUM USING AN AUTOANALYZER 

AREA: Inorganic  Ana lys is  

P1 ant 70% 70% 
Determination F i l t e r  Sample mL HN03 mL HClO mL 

1 Sump L iquor  To ta l  U no 5 5 
2 AR & Ra f f i na te  Ext ractable U no 2 **none **none 
2 AR & Ra f f i na te  Tota l  U no 2 5 5 
2 F i l t r a t e  Tota l  U no 5 5 5 
2 Slop Tota l  U no 2 5 5 
2 Sump L iquor  To ta l  U no 5 5 5 

5 **none 2 Cake S l u r r y  Soluble yes 1-2-5-100-2 
2 Cake S l u r r y  To ta l  U no 1-2-5-100-2 5 5 
2 ZIRNLO Tota l  U no 2-100-5 10 **none 
4 F i l t r a t e  Tota l  U no 1 5 **none 
4 HF* To ta l  U no 1* 5 5 
5 Sump L iquor  To ta l  U no 2 5 5 
6 Sump L iquor  To ta l  U no 5 5 5 
8 F l o o r  Water To ta l  U no 2 5 5 
8 F i l t r a t e  Tota l  U no 5 5 5 
9 Sump L iquor  To ta l  U no 5 5 5 
9 Lime Slurry**  To ta l  U no 2-100-5 10 **none 

10 Tank Sump L iquor  To ta l  U no 5 5 5 
10 Heel To ta l  U no 2- 100-5 5 5 
10 P i t  Pumping Soluble U Yes 5 5 **none 
10 P i t  Pumping Tota l  U no 5 5 5 
' P i v e r  Pumping Tota l  U no 10 5 5 

Sump L iquor  To ta l  U no 2 5 .  5 
10 Tracer ( P l t .  2) Tota l  U no 5 5 5 
10 Tracer (Lab.) To ta l  U no 5 5 5 
10 Tracer  ( P l t .  6 )  Tota l  U no 5 5 5 
10 Tracer  (Decontam.) To ta l  U no 2 5 5 
10 Tracer  ( P i l o t  P l t . )  To ta l  U no 5 5 5 
10 Tracer  ( P l t .  5)  Tota l  U no 5 5 5 
10 Tracer  (Tank Farm) Tota l  U no 5 5 5 
13 AR u 9/L no 5 5 5 

!! No. Sample Type 

, .,.;con t am i n a t i on 

*Use polyethy lene p i p e t  and fume i n  a p la t inum d i s h .  
**It has been determined t h a t  ac id  i s  no t  needed o r  t h a t  ac id  might i n t e r f e r e  

w i th  t h e  analys is .  

TABLE 
(AQUEOUS SAMPLE PREPARATION) 

Attachment E 0 1' I' 9 - *  

R - MATERIAL REVISED,  ADDED, OR DELETED. 
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W .  J. Never. A n a l y t i c a l  L a b o r a t o r y  I None ( D a t e :  05-84 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

OF URANIUM USING AN AUTOANALYZER 

SOIL 

METHOD 3002 

AREA: I n o r g a n i c  A n a l y s i s  

Sample 
Sire (grams) 10 

. Dissolution 50 mL HNO 
Reagents SO m~ H C I ~ ~  

Lvaporate-to 
111 25 

F i 1 ter i ng 
Required? No 

Dilute to 

Noma1 A1 fquot 
Volume (mL) 5 

FIEW Aliquot 
In  HN0flClo4 Yes 

HOTL s : Use glassware 
set aside for 
soil samples 
only. 

mL 100 

Hg F and Residue Residue Ytthout 
With Fluorine Fluor {ne 

0.5 for -35 fraction, 
entire sample for 4 s  
fraction. for +3S 

10 mL HNO 

0.5 for -35 
enttrr srrn~lr 

10 EL HM) 
35 m~ H C I ~ ~  35 .L Hcd,  

to dryness to dryness 

No No 

100 100 

2 or  5 2 or 5 

No No 

Use 100 mL Use 125 .L 
p l  atlnum beaker L rlemeyer 
for d i ssol ut ion. flask with 

funnel for 
dissol ution. 

TABLE I 1  
SOLID SAMPLE PREPARATION 

Attachment F 

R - MATERIAL REVISED, ADDED, OR DELETED. 

AQUA RLGIA Rafffna.-te 
Cake INSOLUBLE 

0.1 20 t o  40 

10 DL HNO 100 m l  HNO3 
10 d HCL& 100 d. HCl 

to  dryness 100 d 

No No 

25 250 

2 or 5 2 or 5 

No Yes 

Use 1-handle 
corn sampler. 

196 
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TABLE I 1 1  

Attachment G 
(PUMP TUBES AND INSTRUMENT SET-UP) 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERHINATION 
LABORATORY 
PROCEDURE 

OF URANIUM USING AN AUTOANALYZER 

197 

N n H O D  3002 

AREA: I n o r g a n i c  A n a l y s i s  

R - MATERIAL REVISED, ADDED, OR DELETED. ' 

I 
A u t h o r i z a t i o n :  Supersedes : I s s u e  
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LIST OF ALL STEPS IN PROCRAH ENTITLED 'LOW U' 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY 
PROCEDURE 

A u t h o r i z a t i o n :  Supersedes : 
W. J. Never, Ana ly t i ca l  Laboratory None 

OF URANIUM USING AN AUTOANALYZER 

_-. .... -. "_ ... 
:d REM PROGRAM FOR LOU ASSAY CO 

68 OISP *ENTER 0 TO RUH CRLIERR 

79 INPUT KQ IF K=6 TWEN GOT0 26 

LOR!METRIC UDANIUR RNf lLYSIS 

T I O N  FRCT~RS.ENTER 1 TO RUN 
UNKNOYHS . 
e 

METHOD 3002 

AREA: I no rgan ic  Analys is  

Issue 
Date: 05-84 

88 ic ~ = i  THEN GOTO E::&). 
98 RER Y=BASE LINE,X-PEAK NEIGN 

1 
!68 REM Z-NIY. O F  F X T 9 R S  e DER R 

=CONCENTRATION OF $10. USED< 

I i e  ! 28 
38 

I :e 
149 

I63 

I70 

I ae 
196  
299 
219 
228 
236 

zre 
256 

zpe 
n e  

c' G / L >  
RER I % U  ARE COUNTERS 
RER P=AL IPIJOT 
RER H=VOLUtlE 
PEM €=NO. OF OILUTIOHS 
REM LISTART PROGRAn RUNNING 
IN ICATOR.  
REM s-x-Y-B e REM F=FACTOR<M 
G7ML-Z TRANS. > 
REM T=RRNGE OF TRRNORITTANCE 

REM U - N O .  O F  SRMPLES TO BE fi 
UN 
REM C O P L A B  HO. 
RER O O = O I L V I I O N  FkCTOR 
REM Z O = T Y P E  O F  CONC. U N I T S  
RER UO=YEIGNT OF ShWPLE 
REM COuCIRRECTEO 2 ABS. 1 
HCLUOINC BLRNK 
REM C=CONC. OF UtlKNOYN e e=B 
LRNKeJ=COMPRRISON NUR@ER 

K-BRA~CNING DEVICE 

DER OF TECHNICON U N I T .  

FOP. EACH FACTOR 

REM k = G ~ L ~ . e e I ) 3 J = 0 / C R L e  REB 

OXSP TURN ON P u w  ANO~RECOR 

COtlTROL 3 . 6  I 40- CONTROL 3.2 
3 Be 2 1 4  

zae PRINT *NO. OF FACTORS==IZ 
238 O I S P  'ENTER CONCENTRHTION OF 

BTi iHOIRO USED FOE FACTORSCV 

3 29 
338 
340  
3% 

373 O I S P  'PLACE BLANK I N  P O S I T I O .  
N 01 OF 2ARPLER FOLLOYEO BY 
FACTORS 

338 O I S P  .SiRRT SAnPLER AN0 ENTE 
9 1 9 TO STRE1 PROGRRn RUNNI 
HC:;-e-iNPUT L 

-v9 OISP =B:ANK DETERMIHATIOH- e 
P R I N T  BLRHK OETERI?INRTIOH' 

r 
430 PRINT USING 628 i -X 
468 LET g = m s < x - r )  
478 IF X<Y THEN GOTU 4 9 0  
43e LET e=e=-l  
roe PRINT USING sa0 ; e e PRINT 

e FEINT see IHAGE BLANK=-.OO.O 
SI9 LET 1-9 
526 I=I*l 
536 P R I N T  USING f 4 6  I I P CONTRO 

549 InRGE FRCTOR!..OO.O 
558 OKSP .FACTOR0 * I  

586 P R I M 1  'BRSE L INE= ' i -Y  

L 3 . 6  i 4 

-568 tosue 2798 
5713 OISP =BHSE LINE-=I-Y 

sse COSUE 2958 
680 OISP .PEAK HEICNT==;-X e DIS 

P 

DO 

> 

. 610 P R I M T  USING 628 I -X 

638 LET si I )=Aeo(x-y>-B 
' 628 IMAGE 'PERK HEICHT-.~XX.DOO. 

. 6 4 9  PRIM1 o O I L U T I O N  FACTOR+.rR(I 

6se PRINT .COHC. OF STD- <U G/L) 
668  
678 

€80 
. 690 

l ee  
?16 
728 

LIST OF ALL STEPS IN PROGRAM ENTITLED "LOW U" 
-j - ,  f 

Attachment H 198 
R - MATERIAL REVISED, ADDED, OR DELETED. 
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' -799 
e99 

e10 
8 2 0  
e39 
8 4 9  
850 
8.30 
870 

K 
384 

9 1 8  

9 2 9  

9 3 8  
3 4 9  
958 
968 
9 7 8  
989 
998 
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G O T O  528 
PR!MT 'LAST HANE,F1RST IMITI 
AL 
P R I M 1  USIMG 820 I 'RA).CS 
i n m x  !~R.IA 
PRINT DATE' . 
P R I M 1  USIMC 859 ! 9 S . R .  
IHHGE 1 2 A ~ O O O O  
P R I M 1  PRIMT e PRINT 
GOTO 60 
01n  c ( ie ) ,o ( i e )  . 
O l S P  'EMTER MUtlBEp SAtlPLES T 
0 BE RUM' 
INPUT VB OISP 'NUHEER SRnPLE 
S-.;U Y OISP 

P R I M 1  @ PRIMT a LET Up8 
OISP 'ENTER LAB NURSERS OF S 
AtlPLES IN OROER THRT THEY YI 
LL RE ANALYZED' 

PRIMT -MUHER sRnPLEs==;u e 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LAB0 RATORY 
PROCEDURE 

Authorization: Supersedes: 
W .  3.  Never, Anal v t  ical Laboratory None 

OF URANIUH USING AN AUTOANALYZER 

~~ -~ 
U=U*1 
IMPUT CCU) 
I F  U=V THEM GOTO 9 7 8  
GOTO a36 
LET u = e  ' 

NETHOD 3002 

AREA: Inorganic Analysis 

Issue 
Date: 05-84 

U=U*I  
O I S P  'EMTER NURBER(MAX. .OF 4 
)OF  OILUTIOMS M!lOE FOR SARPL' 
E ' i C < U )  

tee9 INPUT ECU) 
ieie IF E<U)=I THEN GOTO i iee  , 

1930 IF E C U ) = ~  THEM COTO 1 2 2 8  . 
1829 I F  E (U>=2  THEM GOTO 1168 

l e 4 9  O I S P  'EMTER RL IOUOTC~)OVOLU 

1128 

I is8 

1130 
; 149 

1 IC0 

I 1 7 0  

1 IEB 

I290 
I 2 1 0  
I 2 2 8  

1 2 3 0  

I 2 4 6  

125a 

I 2 6 0  
I279 
1 2 8 9  
! 2 9 8  
1380 

.." 
O l O P  'SAt lPLEI ' .C(U~ 
INPUT O<U) 
IF 0CU)p I  THEM COT0 1380 
I F  O(U)=2 THEM GOTO 1380 
IF O<U)=3 THEM GOT0 1 4 8 9  
I F  O<U)-4 THEN G O T 0  1 4 9 9  
I F  P<U>*S THEM GOTO 1 3 5 8  
IF U=V THEM GOTO 1 4 3 9  

1310 

l 3 3 0  
1 3 4 0  ' 358 
l 3 6 9  ' 378 

'390 GOTO 1 2 9 0  
1408 OISP *EWE! YEIGMT IM GRRnS 

! 320 

u s e  -. . 

OF SkRPLE 

0 1439 . 

1 4 3 8  OlSP 'TURM PURP L RECOROER . 
DM b RLtOY T O  CORE TO EQUIL 
IERIUR. 

I 4 4 8  DISP 'EMTER 1.9 AS $OOM AS . 
I 4 5 6  INPUT L 
1468 LEEP 
1 4 7 0  BEEP 
1 4 8 8  eEEP 
1498 LET U=0 

1 4 1 0  IMPUT Y t U ) @  I F  U=V THEN GOT 

' 1 4 2 0  GOTO 1290 

SRnPLER IS IMIATEO. 

. I  
LIST OF ALL STEPS IN PROGRAM ENTITLED 'LOW U" 

Attachment H (cont.) 

R - MATERIAL REVISED, ADDED, OR DELETED. 
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1 6 3 9  

1649 

Page 48 o f  53 

16S8 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERHINATION 
LAB0 RATORY 
PROCEDURE 

Au tho r i za t i on :  Supersedes: 

OF URANIUH USING AN AUTOANALYZER 

.None 

1666 

METHOD 3002 

AREA: Inorganic  Analys is  

Issue 
Date: 05-84 

1 6 7 9  
I 698 

1738 
I 7 4 8  
1 7 s 0  

I768 
1778 

1798 
I 788 

I 889 
isle 
I 828 

t 838 

1968 

1 8 4 8  
18S8 

- 1878 

i see 

1938 

i 9se 
1 9 4 8  

1968 .. _. 
i 978 
1 9 8 8  
I998 

LET C(U>=ABSCX-.I >-e 
PRIM1 U S I f f i  1758 1 b<U) 
IRAGE 'CORRECTED 2 ABS. .-. , x * ow. 00 
I F  O<U)-S fwEN 6010 2 4 3 8  
I F  O C W - 1  THEN COTO 2198 
I F  O(U>-2 THEN COTO 2190 
I F  O<U)-3 THEN GOTO 1819 
IF o(u)=4 THEN COTO 2889 
PRINT USIW 1828 8 u<\;r, 
IRACL -UT. OF S W L E -  ,X,OO 
D.OOOO.X,.CRIVlS* 
I F  CCU>(TCl)  TMEW COT0'1878 
IF c a ~ > ( 1 < 2 )  Tnrw GOTO 1888 
I F  C<U><TCJ) THEN COTO 1838 
LET c = ~ < 4 , * t c u ) t o ( u ) t i e e e ~  
<U> t PRINT mFRCTOR-'aF<4> e GOTO m e  
LET C = F < l ) t C < U ) t O ( U ) t l 8 B B N  
(U) e PRINT 'FACTOR-'JFCl) e COTO isee 
LET C = F < 2 ) t C < U ) t O < U ) t l B 8 8 ~  
<U) e PRINT *FACTOR=*IF<~> e COTO 1988 
LET t - F < 3 > S < U > t O < U ) * l B B B N  
<U) R PRINT mFACTOR-'~F<3) 
e COTO i9w 
PRINT USING 1910 I c 
IMRtE 'COMCENTRATION OF U P 
PI(- .x.oow).o 
PRIMT e p ~ l i w i  e PRINT 'LAST 

PRIMT u s ~ m  m e  I ns.cs 
IMAGE ien.iA 
PRINT USIW 1970 I 6s.n 

WAaE.FIRST I N X T I A L ~  

PRINT 'OAT€. 

IRRGE 12A.0000 
I F  U=V THEN COTO 68 
c013 IS00 

t e a 0  
2.18 

2870 

2888 

2898 
2 188 

2118 

2128 
2138 
2148 

2178 
21- 

Z288 
2218 
2228 

2238 

zise 
m e  

m e  

z iee  PRINT USING 2318 I C 

m e  LET n-ct.eesss 
-336 PRINT USING w e  r . n  

.o . 0 ~ 0 0 0 0 0  

2344 PRINT USING 2 3 4 s  I w 

2310 IRAGE 'COHC. IN u W 8 * . X n 0  a .  00000 

2348 tRACE ~CONC. IM U 

2342 LET N-CX1988 . 

LIST OF ALL STEPS I N  PROGRAM ENTITLED "LOW U" 
Attachment H (cont.) 

R - MATERIAL REVISED, ADDED, OR DELETED. 

" a 

2 w  



e 
AREA: I n o r g a n i c  A n a l y s i s  

' f" 
. I  

8 S . A  

e PRINT e !R 
.FIRST MARE 
USING 2370 I 

2378 10A. I A  
2398 'OAT€' 
2300 USING 2400 i 
2408 IHRGE 12R~OOOO 
2418 IF U=V THEN GOTO 68 
3420 GOTO 1S09 

2440 
24s0 
2468 

2430 I F  c(u)<T<i) THEN GOTO 247e 

*FACTOR==;F(Z) e GOTO 258 

2 4 0 0  c = F ( ~ ) z G < u ) x o < u ) ~ ~ ~ ~  e PRIM 

zsee P R I N T  USING 2510 I c 

0 

T 'FRCTOR=';F<3) @ GOTO 25a 
0 

2510 I f lAGE 'CONC. IN TOTRL U M G =  

2S28 

2530 
2540 
2558 

'LAST 

, cs 

. A  

2sse GOT0 1580 
2 6 e e  on T I R E R ~  1.13zoee GOTO 266 

0 ,  
2618 Y=9 
2620 1=0 
2630  1=1*1 

2660  OFF TIMER1 1 
2670 Y=Y/I 
2638 GOTO 410 
26?8 OM T I R E R I  1,1!540?6 GOTO 276 

2648 YAIT 1043 e ENTER 3 ; Y<I) 
2650 Y = Y + Y C I )  e GOTO 2630 

0 n e e  x=o 
27ie 1-0 
2720 X=I*l 
2130 U R l T  1043 e ENTER 3 i X C I >  
2740 X=X< I )*X 
t7se GOTO 2790 
2760 OFF 'TIMER1 1 
2770 X = X / I  
2780  C O T 0  449 
2796 011 TIRERI l,l?307? G O T 0  292 

0 

2908 

2910 
$930 
2940 
2?50 

2060 

2970 

2988 

3000 
3019 
3020 
1838 

zuie 

2998 

Y=Y<J> 
GOTO 2829 
OFF TIRERS 1 
IF W=b THEN GOTO 57@ 
IF K-I THEM GOTO isse 
on TIMERI 1.1S49S6 GOTO 388 
0 
U A X T  1843 e ENTER 3 i x<i)e 

x=x< 1 ) 
GOTO 3010 . 
x=x<2> 
LET 3 4  _ -  
J= J* 1 
U A I T  1043 e ENTER 3 i X<J) 
IF RBS(X(J))>=ABS(.<) THEN G 
010 3060 
GOTO 3030 . 

GOTO-3038 
OFF TIRER1 1 
I F  I[-R THEN 
iF K=i THEN 
EN0 

GOT0 696 
GOTO 1579 

L IST OF ALL STEPS I N  PROGRAM ENTITLED "LOW U" 
202 At tachment  H ( c o n t . )  

R - MATERIAL REVISED, ADDED, OR DELETED. 
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WESTINGHOUSE MATERIALS COMPANY OF - a * - -  kge SO of 53 

! v i s i o n  No. 1 I A 

THE COLORIMETRIC (BrPADAP) DETERMINATION 
OF URANIUH USING AN AUTOANALYZER 

AREA: I n o r g a n i c  A n a l y s i s  

METHOD 3002 
I 

~ 

I 
Supersedes: A u t h o r i z a t i o n :  I s s u e  

SAMPLE DATA SHEETS 

'0 : SAMPLE DATA SHEETS 
$* r \  Attachment I 

R - M A T E R I A L  R E V I S E D ,  ADDED, OR DELETED. 



ANALYTICAL 
LAB 0 RAT0 RY 
PROCEDURE 

I 
A u t h o r i z a t i o n :  I Supersedes:  

THE COLORIMETRIC (BrPADAP) DETERMINATION 
OF URANIUH USING AN AUTOANALYZER 

WI 3 .  Never .  A n a l  v t i c a l  L a b o r a t o r y  I None 

% !  
HETHOD 3002 

AREA: I n o r g a n i c  A n a l y s i s  

I s s u e  
D a t e :  05-84 

Li i6 NUMBER= ,0380 
3 I L U T I O N S =  2 - 5 
D I L U T I O N  FRCTOP- 2 . 5 0  
8ASE L I N E =  5 .10  
P E ~ I ?  HEIGHT= 68 .40  
CORRECTED 2 ABS. .=  61 .64  . 

CONC. I N  U G/L= .e2927 
CONC. IN U #/GAL.= .BO02444 

FACTOR= 1.53964332306E-4 

- .  _ _  
CONC. I N  U M W L =  29.27 

LAST NFtME,FIRST NAHE 
PS/CLd 
DATE 
JAN 12 1989 

M6cP= 13.4252 
b??UYYONs= 1 - 5 
D I L U T I O N  FFiCTOR= . 5.00 
BASE L I N E =  1 .10  
PEHK H E I G H T =  3 . 8 0  
CORRECTED :: HBS. . =  2 . 7 6  
U T .  OF SAMPLE= 24.9557 CRkRS 
FACTOR= 1 52146582616E-4 
CONCENTRATION OF U PPR= . 1  

L A S T  NAflE,FIRST I N I T I A L  
UEHRFRI TZ C/M* 

HHY 23 1989 
UnTE 

L A B  NUHBER= 89050.2820 
D I L U T I O N S =  10 - 5 
D I L U T I O N  FACTOR= 50 . -- 
& M E  LINE= - ~ T e e  
PEAK HEIGHT= 7.00 
CORRECTED 5 ABS. . =  1 .96  

CONC. I N  TOTAL U HG= ,8134 
FACTOR= 1.37132061834E-4 

L A S T  NAHE,FIRST I N I T I A L  
RAHIREZ H .  
O A T E  
n w  2 1989 

SAMPLE DATA SHEETS 
A t t a c h m e n t  I ( c o n t . )  

R - MATERIAL R E V I S E D ,  ADDED, OR DELETED. 
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STRUCTURE OF Br PADAP 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERWINATION 
LABORATORY 
PROCEDURE 

OF URANIUM USING AN AUTOANALYZER 

iic' 
. . ..1 

METHOD 3002 

AREA: I n o r g a n i c  A n a l y s i s  

OH 

I 
A u t h o r i z a t i o n :  Supersedes : 

2- ( 5 -  bromo-2-pyr idyl azo) -5 -d i  e t h y l  aminophenol 

I ssue 

STRUCTURE OF Br PADAP 
Attachment J 

Br 

R - MATERIAL R E V I S E D ,  ADDED, OR DELETED. 
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- DATE 
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12-08-88 

08- 2 2-89 

06-18-91 

ANALYTICAL THE COLORIMETRIC (BrPADAP) DETERMINATION 
LABORATORY OF URANIUM USING AN AUTOANALYZER * 

PROCEDURE 

Author iza t ion :  Supersedes : 
W. J. Never. A n a l y t i c a l  Laboratory None 
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