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LEGAL DISCLAIMER 
This report was prepared as an account 'of work sponsored by 
an agency of the United States Government. Neither the 
United States Government nor any agency thereof, nor any of 
their employees, nor any of their contractors, subcontractors 
or their employees, makes any warranty, express or implied, 
or assumes any legal liability or responsibility for the 
accuracy, completeness, or any third party's use or the results 
of such use of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or 
favoring by tne United States Government or any agency 
thereof or ,ts contractors or subcontractors. The views and 
opinions cf authors expressed herein do not necessarily state 
or reflect those of the United Slates Government or any 
agency thereof. 

This report has oeen reproduced from the best available copy. 
Available in oaper copy and microfiche. 
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and its con1rac10rs from 
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QUALITY ASSURANCE PROGRAM PLAN 
FOR RADIONUCLIDE AIR EMISSIONS MONITORING 

1.0 INTRODUCTION 

This Quality Assurance. Program Plan (QAPP) describes how the . 
Environmental, Safety, Health, and Quality Assurance Division verifies that 
radioactive airborne emission measurement activities from regulated stacks are 
controlled at the Hanford Site. As specified in the Hanford Federal Facility 
Agreement and Consent .Order (Ecology et al. 1990, 1991), this QAPP is prepared 
in accordance with and to the requirements of QAMS-004/80, Guidelines and 
Specifications for Preparing Quality Assurance Progr~m Plans (EPA 1983). 

Radioactive airborne emission measurement requ i rem·ents are defined in 
Subpart Hof Title 40, Code of_Federal Regulations (CFR), Part 61, "National 
Emission Standards for Hazardous Air Pollutants" (NESHAP) (EPA 1991). 
Detailed monitoring req~irements apply to stacks exceeding 1% of the standard 

·of 10 mrem annual effective dose equivalent to the maximally exposed 
individual from operations of the Hanford Site. 

Title. 40 CFR Part. 61, Appendix B, Method 114, "Quality Assurance. 
Methods," specifies the. quality assurance (QA) requirements·and that a QAPP 
shou.ld be-prepared to meet 'the requirements of this regulation. This QAPP 

·. i dent ifi es how the ESQ Division wi 11 verify that the NESHAP QA methods are 
properly implemented. 

2.0 QUALITY ASSURANCE POLICY STATEMENT-

Westinghouse Hanford Company (Westinghouse Hanford) shall maintain and 
verify a prevention-oriented QA program to ensure that Westinghouse Hanford 
products and services meet requirements, are fit for use, and satisfy customer 
expectations. As part of prevention orientation, the QA program shall provide 
measurements of performance, establish criteria, and encourage changes that 
improve quality and productivity. · · 

3.0 QUALITY ASSURANCE MANAGEMENT. 

Westinghouse Hanford independent .. oversight. veri fi cation activities 
associated with the radioactive airborne emission measurement are controlled 
by the ESQ Division. The organizations within this Division that perform 
these oversight activities, and their interfaces, are noted on Figure 1. 

Th~ sections that follow descrfbe the responsibilities of these 
organizations as they relate to radioactive air emissions measurements. 

1 
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3.1 ENVIRONMENTAL ASSURANCE 

3.1.1 Environmental Protection 

WHC-EP-0536 

· The Environmental Protection (EP) group, within the Environmental 
Assurance (EA) organization, has the following responsibilities: 

e Provide technical -direction for radioactive- air emissions 
sampling· and analysis 

• C6llect and compile radioactive air sampling and analytical data and 
· combine with operational information to prepare regulatory reports. 

e Maintain records of radioactive air emissions measurement release 
data 

• Verify the analytical data received from the laboratory. 

These responsibilities will be addressed in a future EP Quality Assurance 
Project Pl an (QAPjP). 

3.1.2 Environmental Compliance Verification 

The Environmental Compliance Veri fi cation ( ECV) group ma·; nta ins and 
implements a comprehensive environmental oversight program to independently 
verify that Westinghouse Hanford operations are conducted in compliance with 
applicable environmental regulations, U.S. Department of Energy (DOE) orders, 
and Westinghouse Hanford management control systems .. 

The ECV group· schedules and perforrri·s oversight activities (audits and 
appraisals) in acco~dance with requirements specified in WHC-CM-7-6, Sections 
4.0, 5.0, 6.0, 7.0, 10.'0, and 13.0 (WHC 1989a), and Quality Instruction 
(QI), 18.4 of WHC-CM-4-2, Quality Assurance Manual (WHC 1988). 

The ECV group wi 11 schedule and perform· at least one annua 1 
audit/appraisal of air emissions activities. Specific activities to be 
audited/appraised will be selected using a risk-based oversight .schedule 
prioritization system. Annual ECV audit/appraisal activities will, to the 
extent possible, be integrated with those of the Westinghouse Hanford QA and 
Safety oversight organization~. · · 

3~2 QUALITY ASSURANCE 

3.2.1 Environmental Services Quality Assurance 

The Environmental Services Quality Assurance (ESQA) group is responsible 
for administering this QAPP to meet the requirements for radionuclide air 
emissions. This effort includes verifying that regulatory QA requirements are 
included and interfacing with the regulatory analysis group to ensure that· -
regulatory updates are i nco·rporated · into the document. 

The ESQA group interfaces with the EP group, reviewing and appr6ving 
quality-affecting controlled documents that define environmental measurement 
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activities prepared by the ESQA organization. This includes the upcoming EP 
QAPjP and quality-affecting documents prepared by the EP group to implement 
this plan. · 

The ESQA group is responsible for surveillance of activities associated 
with control of laboratory analysis activities. This includes the following: 

• Reviewing and approving laboratory analytical procedures for 
QA/quality control(QC) requirements 

•·Surveillance of EP and laboratory activities associated with the 
radionuclide emissions stack monitoring 

• Participating as a QA/QC speci.alist in laboratory reviews and 
audits. 

Survei 11 ances wi 11 be performed and contra 11 ed in accordance wi.th 
WHC-CM-4-2, Quality Requirement (QR) 10.0, "Inspection," and QI 10.4, 

c~ "Surveillance" (WHC 1988). Audit activities shall be accomplished in 
accordance with QR 18.0, "Audits,". and QI 18.4, "Integrated Audits/ 

c Appraisals." 

o---

3.2.2 Plant Quality_Assurance Engineers 

This is not a specific QA group, but consists of QA engineers from 
different QA groups performing the same function. These. are noted by the 
double-lined areas of Figure 1.-

Th~ plant QA engineers are responsible ftir interfacing with plant 
personnel in reviewing- and approving radioactive air monitoring doc~mentation 
and verifying its implementation. The activities that the plant QA engineer 
reviews, approves, and verifies are described in Sections 6.2.2, 6.2.3, and 
6.2.4 of this document.- The activities are verified by surveillances that are 
performed and controlled in accordance with WHC-CM-4-2, QR 10.0, "Inspection," 
and -QI 10.4, "Surveillance" (WHC 1988). 

3.2.3 Audit Program Administration 

The Audit Program Administration (APA) group schedules and performs the 
Westinghouse Hanford- QA audit activiti~s. Audits are performed in accordance 
with requirements specified in WHC-CM-4-2, QR 18.0, "Audits;" QI 18.1, "Audit 
Programming and Scheduling;" and QI 18-.4, "Integrated Audits/Appraisals"_ 
(WHC 1988). 

In accordance with QI 18.1, paragraph 4.2, QA group managers are 
responsible for determining internal audit needs. The ESQA group manager will 
interface with the other QA managers, EA, and other plant managers to decide 
on the effluent stack QA auditing needs. This will include at least one 
annual system audit of the stack sample collections and- the analytical 
laboratory. It is permissible to do these as an integrated audit with the ECV
group. 

4 
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4.0 DOCUMENT.CONTROL AND RECORDS · 

All reco~ds and data us~d in the generation and verificattorr of 
regulatory reports are controlled in accordance WHC-CM~4-2i QR 4.0, "Document 
Control," and -OR 17.0, "Quality Assura~ce R~cords"· (W~C _1988); 

. 4.1 ENVIRONMENTAL ASSURANCE 

4.1.1 Environmental Protection 

· The records generated by the EP group will .be- controlled a-s specified in 
the upcoming EP. QAPjP. · 

4.L2 · Environmental Compliance Verification. 

Section 13 of WHC_;CM-7-6 {WHC 1989a), and QI 18·.4,of WHC-CM-4-2. (WHC . 
1988) specify how ECV oversight documentation (in-process records and QA 
records) generated during>oversight activities will be· maintafned and 
controlled. · 

4.2 QUALITY ASSURANCE 

4.2.1 Environmental Services Quality Assurance 

The ESQA group performs: surveillances. to verif.~cthe activities noted: 
above, except for parti'cipation in .system audits~ The ESQA·.group will support 
audits under the direction of the Audits group~ · · ·- · · 

The· reqUirements'"for the .control and documentati'oi,: of .surveillances is·· 
addressed in WHC-CM-4-2~ QI 10.4, "Surveillance" (WHC 1988). This procedure 
specifies the surveillances preparation procedure, distribution lfst~ schedule 

· requirements, and control. method·. · The ESQA organization prepares and performs · 
the surveillances in accordan·ce with . thi•s procedure.-: · · 

. . . '• . . 

All surveillances, with any rioted- deficiencies, are roµted to the 
Environment, Safety, Quality Data (ESQ•) organization, which trac_ks and 
verifies that deficiencies are addressed. The ESQ• g~oup interfaces wjth 
oversight organizations and contrcils their activities i~ actordince with 
WHc:...cM-4-2~ QI' 16.6. . . . . 

4. 2 .. 2 · Pl ant Qual i t.f_A!fsLirance 
' " ,· 

Plant QA groups control their activit-ies ·;n: .the same manner as noted for 
ESQA. · : ·· · 

4.2.3 Audit Program Administration:. 

The requirements for· .the control ~nd documeritat ion of APA integrated 
audits are addressed in WHC-CM-4-2, Qt18A,' '.'Integrated. Audits/Appraisals" 

5-
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(WHt 1988). This·procedure spectfies audit/apprai~al preparation, schedule 
. requirements, and control. · 

5 .• 0 PERSONNEL QUALIFICAJlONS -

ATl organizations and their charters are .included in WHC-CM-:1-2·, 
Organization Charts and Charters (WHC 1990a) ... All personnel working. within an 

· organizati-0n and their job-titles are included in a divisional/departmental 
organization chart. 

. . 

_ . The job classificatibn, training, and.indoctrination requirement$ are 
specified in WHC-CM-1~3, MRP 4.22 (WHC 1990b). Each manager maintains 
employee_ records, documenting needed training completed for each job. 
assignment, in accordance with this requ i r_ement. · 

6.0 RADIOACTIVE AIR EMISSIONS MEASUREMENT 
.. QUALITY ASSURANCE PROJECT PLANS IMPLEMENTATION- -

6 ~l INTRODUCTION --

There are. two .governing documents that specify the requirements for· the 
QAPjPs associated with this effort:· -(1).· The NESHAP (EPA 1991) ·suggests that a 
QAPjP be prepared to the requ.irements of 40 CFR 61, Appendix B, Method 114, . 
for measuring radioactive air emissions, and (2) The-Hanford Federal Facility 
Agreement and Consent Order (Ecology et al. 1990, 1991)_ requires that a QAPjP 
be. prepared i h accor~ance with the requirements of QAMS-004 /80 (EPA 1983).. 

It is appropriate that both of these regulatory requirements be addressed 
- in th-is effort .. These .QAPjP _requirements are addressed below. 

ll<· Each organi;atio_n -involved ·with the NESHAP prog.ram, and a.•, 
description..-of ._its activities, is addressed in Section 6.2 of this 

- document~· Their -responsibilities for the 40 CFR 61 Appendix B, • 
· Method 114, Section 4, · "QA Methods, 11 are specified on a point-by

point basi~ from this regulation. 

·• . For those organizati~ns: that work with all stacks, ttie implementing 
information is inc 1 uded _in this document. This includes the. eff arts 

.of the-Occupational Health and Safety and Central Suppo~t Services 
_· or:ganizations('see Sections 6~2.3 and 6.2.4). · 

- • Facility organizations that are responsible for specific stacks. 
shall preplre a NESHAP, Appendix B, Method 114, "QA Method," point

.. , by-point , imp l ~mentat ion document ( see Section 6. 2. 2) . These are 
·,appended to this document as they are completed. 

''. 

• The laboratory point-by-point implementation is appended to this 
docum~nt (see Section_ 6.2.5). · 

• The EP organization will issue a separate .QAPJP, to be prepared fo 
accordance with the format of QAMS-004/80 (EPA 1983). This document 
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will address the appropriate-NESHAP requirements, (see Section 6.2.l) 
and provide .guidance.and technical assistance .to the radioactive air 
.emissions measurement program. · 

602 ORGANIZATION. AND RESPONSIBILITIES. 

All organizational structure~ f~nctional responsibilities, levels of· 
authorityand lines of communfcation that could affect the sampling and 
analysis.activities are addressed in th1s document or the upcoming .EP QAPjP. 

'Figure 2 shows.the organizational·relationships involved in the 
radicinuclide sampling, effluent flow·measure~ent, ·and analysis activities: 
Figure 3 provides further. definition for the stack .effluent measurement 
activities. · 

The· ESQ oversite interfaces and responsib1lities: are addressed in 
Section 3.0. 

The organizati~nal responsibilities f6r 40 CF~ 61, Appendix B, 
Method 114, Section.·4, "Quality Assurance Methods" (EPA 1991), as shown in 
Figures 2 and 3, are described below. -These descriptions define the 
Method 114 point-by-point information that must be .addressed by each · 
organization. 

6.2.1 Environmental Protection 

The EP group, within the EA organization, has the. responsibility to 
report radioactive- air ·emissions from the facilities as specified in Section 
3.1.1 of this QAPP.. ' 

The QAPjP that· will be prepared by _EP will address the following sections 
of 40 CFR 61, Appendix B,. Method· 114 (EPA 1991 )-:- . . 

• Section 4~3.1, provide identification nu~bers for sample locations 
.. 

• Section 4.3.5, specify the .analysis that isto be ·performed for each 
stack 

• Section 4.4, provide the data quality objecttves _for t~e sampling 
and analysis activities ... : 

Other EP. activities are addressed. in Sect ion 3. 1. 1 of this QAPP. 

6.2.2 Facilitie~-

The facility cognizant engineer is responsible for defining how the stack 
sampling, analysis, and effluent flow<measurenient requirements are 
implemented. 

7 
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Figure 3~ Effltient Flow Measurements .. 
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The fac i1 i ty cognizant engineer prepares the rad i onuc 1 i de stack point-by
po int implementation that addresses the sections of 40 CFR 61, Appendii B, 
Method 114 (EPA 19?1), described belciw. 

• Section 4.2 describes the administrative controls that are used at 
the facility to ensure a prompt response in the event that emission 
levels increase because of unplanned operations. 

• Section 4.3.1 specifies the number of sample points and the -
rationale for sample site selections_. 

• S~ction 4.3.2 describes sampling probes a~d representativeness of 
samples. · : · 

• Section 4~3.4 identifie~ the sampling procedure(s) to, be.~sed and 
sampling frequency. 

• ·section 4.3.6 describes the sample flow rate measurement systems or 
ptocedures. including calibration procedures and frequency of 
calibration. · 

• Section 4.3.7 describes the effluent flow rate measurement system, 
including frequency of measurements. The facility cognizant 

- engineer is responsible for verifying these fl ow rates and 
· transmitting the information to the EP organization.:· 

6.2~3 Occupational Health:' and :safety 

Occupational Health a·nd Safety provides the sampling effort for. the 
radionuclide air emissions under the technical direction of the facility 
cognizant engineer. The sampling activities should be done in accordance with 
the stackmon.itoring and:sampling requfrements of 40- CFR 61, Appen_dix B, · 

0 ~ · Method 114 (EPA- 1991}~ · 

o-- The QA activities that are included in Method 114- and performed by this 
group are described below. · 

• Section 4.3.~ describes th~ sample collection procedures. 

• Section 4~6 covers the sample tracking system fo~ positive 
identification of.samples from sample collection to delivery to the 
laboratory, as well as sample handling and preservation procedures 
to maintain the integrity of samples during collection and storage. 
NOTE:- The sample tracking system must still be implemented .. 

The sampling collection, tracking, and handling pro~edures for all 
r~dionuclid~ effluents ~re contained in WHC-IP-0692 (WHC 1991a). 

6.2.4 Central Support Services 

The effluent fl ow measurement activities are. performed, by the. Central 
Support Services group (see Figure 3) under the control of the facility 
cogni~int engineer~ · 

10 -
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. . . 

. The .. QA .activities, from Method· 114-: ·(EPA,· 1991) that are performed by the 
·.organizations described below, through.Central Support.Services, are described. 
· in the paragraphs that follow. · · ·' · 

6.2.4.1 Ventilation and Balance .. In accordance w.ith·-section 4.3.7; the 
effluent fl ow measurements are performed by this group in accordance with 
procedures that are included in~ Job Control System (JCS)· (see WHC-CM-a~a 
[WHC 1989b]) work.package .. The facility cognizant engineer is responsible for 

· the preparation and transmittal of the JCS.work package to the veniilation and 
balance organization. · · · · 

The data collected from this activity are provided to the facility· 
cognizant engineer who is responsible for verifying and·transmitting this 
informatio~ to the EP group~. · · 

6.2.4.2 . Procedure Development and Control. In accordance with Section _4.3. 7, 
the procedures used for the effluent measurements and plant eqOipment 
ca 1 i brat ions are prepared by this group. · Some of these procedures are 
generic, with the plant-specific information being included in the. JCS 
prepared by the facility cognizant engineer. · 

The development and control:ofthese procedu~es ar~ addressed in 
WHC-CM-8-10, Section 06-03 (WHC 1990c)'. . . . 

6.2.4.3 Recall Systems. In accordance with Section 4.3.7~ the scheduling of 
calibration for the continuous stack flow measurement=e~uipment is control~ed 
by this group. This· ~chedul ing information is forwarded to the facility 
p_lanner/scheduler who .prepares the JCS-work package·under the direction of the 
facility cognizant engineer.: This work package is requjred for the 
maintenance forces to. perform. the .. ca 1 i brat ion-( s) . . -The : completed ca 1 i brat ion 
information is returned to :Recall:Systems for trac:ki.ng purposes. 

The control of these ·calibration scheduling·a11d tracking activities is 
addressed in WHC.,-CM-8-2, Section 202 (WHC 1991b) .. 

. . ' 

6.2.5 Laboratories 

The rad_ionucl ide air· emissions .samples. w,ill be analyzed ·in accprdance · 
with applicable regulations. The specific radionuclides_ to be analyzed for 
are determined jointly by EP.and the facility cognizant engineer.· 

Laboratories shall h~ve;a QA pl~n:and ~nalytickl ~roced~res that meet the 
requirements of 4_0 CFR 61,. Appendix B; Method 114 (EPA l991). • Jhe QA. · · 
activities identified.in Method 114 that- must be addressed in· laboratory QA 
plans are as follows:· · · · · 

11 Calibra'tion activities, specified by the R~dionuciide Analysis Method 
in Method 114. · · · · 

.: . . - .- ' . . '• . 

11 Section 4. 3· .. 5, the calibration proced~r~s- and frequency of 
calibration r'equired for the ana1ytical procedures:used by the 
laboratory · 

. 11 
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• Section 4.5, a qualitycontrol programto evaluate and track the 
. ·quality of emissions measurement data·· . · · 

• Section ,4.6, a sample tracking system to provide for positive 
-. i dent ifi cat ion of samples and data through a 11 phases of sample 
.receipt, analysis, and reporting · 

• - Section 4.6, a sample control ·system to maintain the int.egrity of 
samples during. storage and analysis. 

6.2.6 .. Regulatory Ana·lysis. 

Regulatory Analysis provides guidance on the· interpretation of·. 
regulations. and interfaces with the regulatory agencies to resol_ve regulatory 
·issues. -· 

6. 2. 7 Faci 1 ity- Compl i_ance 
. . 

· The Facility Compliance g~oup provide~ guidance to the facilities on the 
interpretation of regulations that_ pertain to the specific facility.~.-

6. 2. 8 o_ther Support Contractors · · 

Procurement of·the services of other subcontractors to support 
radionucHd'e effluent activiti~s addres-sed in this QAPP may be_- initiated. by 
W_est i ngho.use Hanford. · Such services shall be in comp l i anc·e with standard 
Westinghouse Hanford procurement procedures requirements. All work shall be .. 
performed:i.n accordance with Westinghouse Hanford-approved QA plans and/or 
procedures, subject to the controls of WHC-CM-4-2, QI 1.3, "Source 
Surveillance·and Ins~ecti~n" {WHC 1988)-., 

7.0 PERFORMANCE AND· SYSTEM AUDITS 

Audits shall ·be performed to verify the quality of operation of one or 
more elements of _the t~tal measurement system. Audits will be of- the two 
types below. · 

• · -· Performance·· aud-i ts, in which -quantitative data are independently 
obtained for comparison with data routinely obtained by ttie · 
measurement system.. · · 

. • System audits, involving a qualitative onsite evaluation of. 
·laboratories. {or .other organizational elements of the measurement 
system) for compliance with established QA program and ·procedure 
requirements. This also includes audits of individual facility 
sampling-programs against t~ose requirements of this QAPP and 
facility QAPjPs. · 

_ A performance '.audit system needs to be established whereby performance 
evaluation samples are submitted to the laboratories .. · 

12 
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System audits currently are being performed by the Audit ·Program 
Admi ni strati on and Environmental Compliance Organizations. See Sections 3. I. 2 · 
and 3.2.3 above for implementation. 

8.0 CORRECTIVE ·ACTION 

Corrective acti6n requests requtred as .a-result of surveillance or audit 
activity shall be documented and dispositioned_as required by WHC-CM-4-2; QI 
10.4, "Surveillance;~ QR 15.rr, "Control of Nrinconforming Items;" QI 15.1, 
"Nonconforming Item Reporting;" and/or QR 16.0 "Corrective Action" (WHC 1988). 
Primary responsibilities for nonconformance resolution and corrective action 
tracking are assigned to EA and·QA.- · 

These actions will be performed as specified in Sections .4·. 0 and 7. 0. 

9.0 QUALITY ASSURANCE REPORTS 

.As stated in Sections .4.0, 7.0, and 8.0, radionuclide effluent-monitoring 
shal 1 be regularly assessed by surveillance and audit.ing processes. 
Surveillance, nonconformance, audit,.and corrective action documentation shall 
be considered QA record~ and shall be documented and dispositioned as-stated 
in Section 4.0 .. Records managem~nt requirements applicable.to subcotitractors 
or participant contractors shall be defined in applicable procurement 
documents or work orders as noted in Section ~.2.8. 
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INTR0DUCTl0N'T0 APPENDICES 

These appendices supply informati'on regarding a point.:.by-point 
compari.son with Title 40, Code of Federal Regulations (CFR), Pa~t 61*, 
Appendix B, Method 114,. for. the Hanford· Site air emissions invol1ving stacks· 
known to have the potential ~o ~xceed 40 CFR 61,. Subpart.H, lim~ts; - Please 
note that Appendices A-through Fare intended. to supply the infdrmation for 
which each facility has· responsibility, and that Appendices G. and H are . 
intended. to supply the information .for which the analyt_ical labqratories have·· 
responsibility. Specifically, Appendix G includes informati~n (or Hanford 
Site 200 Area·stack analyses, and Appendix H includes.information for Hanford 
Site 300 Area stack analyses. · 1 

· ' 

. I 

I 

I 

I 
*EPA, 1991, "National Emission Standards for Hazardous Aitj Pollutants," 

Title 40, Code of Federal Regulations, Part 61-, U.S. Environmental Protection 
Agency, Washington, D. C. · 1 
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APPENDIX A 

METHOD 114 COMPARISON FOR STACK 291-A-1 

J. L. Geiger 
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· APPENDIX A 
- . 

METHOD ·114 COMPARISON FOR STACK,291-A-1 

2.1 Radi~~uclides ~s Partic~lates. Th~ extract~-effluerit stream is passed -through a fitter media to 
remove the.particulates., The filter nust have .a high efficiency for removal of :sub-micron 
particles. The guidance in ANSI N13.1-1969 shall be fol lowed in using filter media to collect 
par~iculates_.(incorporated by r~ference-see'§;61.18). · _,_ ', · · 

. ,·_ . ' . ., . 

The sample .is continuously removed from. the effluent stream vi a . 
the rak.e described in Section 4.3.2.- The sample then, flows 

·through the-sample line-and the particulates are collected on_ a.
sample filter made of Gelman· Versapor 3000*. · According to the-· 
manufacturer, this. filter med.ium has an efficien~y of 95.8% for 
3 p,m -particles. Section 4.3.6 describes th~ calibration of the 

, sample flow rate_measurementequipment. 

·2.2.1 The Radionuclide.Tritiun (H-3). , Tritiun ,in the form of water' vapor is collected from the 
extracted effluent sa«.>le by sorptiori, condensation or· dissolution techniques •. Appropriate . 
collectors may include silica-gel, molecular sieves, and ethy.Lene glycol. or water bubblers,. 

Tritiun in.~he gase~us for~ may be measured directly_ in the.saq,le str~ain using Method B-1, 
collected as a gas saq,le ,or may tie· oxidized using a· metat catalyst to tritiated w11ter and. collected as 

· described above.- , · · · 

No irradiated fuel has been introduced into the Plutonium-Uranium 
Extraction (PUREX) Plant for several years~ No dissolutions have 
be~n performed since late 1989. Gaseous sampling. systems have 
shown that the· -1 evel s · of 3H and 14C h_ave fal 1 en_ to 1 evel s at or· 
below the analytical detection limit, which were· well below envi
ronmental release and·monitoring limits. Consequently, sampling 
for these nuc.li des is no 1 onger required or. performed.. · 

2.2.2 Radionuclides· of iodine. IocUne is collected from an extracted sa«.>le by sorption or 
d.issolution techniques •. Appropriate.collectors may include charcoal, iq,regnated charcoal, ·metal zeolite. 
and caustic solutions. · · · · 

No irradiated fuel has been inirod·uced into the PUREX Pl ant for• 
several years. t40 dissol.utions have· been performed sfoce late 
1989~ .Furthermore, concentrations ofradioiodihe in _any fuel 
available· for processing have decayed to such a low 1.evel that 
there h no longer any reqµirement to monitor for iodine .. 
Nevertheless, sampling for iodine continues. Because it is, not 
required~ this sampling maybe_ discontinued without notice. . , ' ' . ' ... 

After flowing through theoGelman·versapor 3000 :tilt.er,, the gas 
sample flows through .two silver zeolite cartridges to capture:. 
iodine. · 

"' . ' ' ' : .. · . ' 

2.2.3 . Radionuclides of Arg~n, K~ypton··~nd X~non. Radion~clides of these el~nts ar~ either 
~asured directly by an in-line or off-Une monitor,: or are collected from the extracted sample by lo.w 
te«.>erature·sorption techniques, Appropriate. sorbers may. include charcoal or·metal zeolite. · · . . ' . . ~ ' . ' . . ' . 

*Trademark of Gelman Sciences, Inc:-
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No irradiated fuel has been introduced into the PUREX Plant for 
several years. No disso.lutions have been performed since lat?, 
1989 Gaseous sampl fng systems had shown that the 1 evel s of H 
and i4c had fallen to levels at or below the analytical detection 
limit, which were well below environmental release and monitoring 
limits~ Consequently, sampling-for these nuclides is no longer 
required or performed. The release of other radioactive gases 
decreased more rapidly than for these nuclides. Consequently, 
there is no need for gaseous nuclide sampling. · 

2.2.4 Radionucl ides of Oxygen, Carbon, Nitrogen and Radon.· Radionucl ides of these elements are 
measured directly using an in·Line or _off-line monitor. Radionuclides of carbon in the form of carbon 
dioxide may be collected by dissolution in caustic-solutions. 

No irradiated fuel has been introduced, into the PUREX Plant for 
several years,. No dissolutions have been performed since late 
1989. Gaseous sampling systems had shown that the levels .of 3H 
and 14C had fallen to levels at or ·below the analytical detection 
limit, which were well below environmental release and monitoring 
limits. Consequently; sampling for these nuclides is no longer 
required or performed. The release of other radioactive gases 
decreased more rapidly than for these nuclides. Consequently~ 
there is no need for gaseous nuclide sampling. 
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4,. 0 Qua L i ty Assurance Methods 

Each facility required to mea~ure. their r~dion~cl'ide emissi~ns shal L .conduct a ,q~ality assurance. 
program in conjunction with .the radionuclide l!!llission measurements. This program shall assure that 
the emission measurements are representative, and are of known precision and.accuracy and shall in-. 
elude.administrative controls to assure proq,t·response when emission measurements indicate 
unexpectedly Large emissions. The program shall consist of: a·system of pol.icies, organizational · 
responsibilitfes, written procedures, data quality specifications, audi~s, correcti',(e actions and 

. reports. This quality assurance program shal .L include the following l)rogram elements:. 

4.1 Doc1JDentation identifyfng the organizati~nal sitructure, functional responsibil1ties, Levels of· 
authority and Lines of comrunications for all activities related to the emissions measurement 
program. · · · 

See Section 6.2 of the main part-of this document for the 
organizational .structure. · . · . . ' . 

. .. . 

4.2· Prescribed administrative controls to ensure proq,t response in .the event that emission levels 
increase due to unplamed operations. · · · 

WHC-CM..:4-12 (WHC .. 1990a), Section 1.14, REV o, · ALARM RESPONSE AND 
MANAGEMENT.· Provides guidance and sets requirements for managing 
the- responses to alarms which are the responsibility of Occupa
tional Health and Safety {OHS). This pract.ke is applicable to 
all,members of the Occupational Health,and Safety organization. 
Area Heal th· and Safety· managers sha 11 ensure that a 11 members of 
their organizations are ·aware of and adhere to this practice . 

. WHC-CM-4-12·, Section 2.1, -·REV 0, RADIOLOGICAL PROBLEM REPORTING 
PROGRAM-. · The ·purpose of the Radial ogical Problem Report {RPR) 
program is to provide a documented-record of observed radiological 
problems, a mechanism for reporting these 'pro~lems to management 
for actions a capability to track. and monitor the- progress .of the 
planned corrective actions, and a database for assessing trends in 
radiological program performance and needed:actions._. 

~ : . . . , . . . , . . . 

WHC-CM-4-12, Section l2. l,, REV 1 EMERGENCY RESPONSE·. An. EMERGENCY 
is a sudden unexpected event requiring immediate response to· 
mitigate impacts to people~ property, or the enviro't1ment. When 
radioactive.material· is involvedf Health Physics" (HP) plays a 
major role in evaluating, controlling, and· recovering from· the 
event. · To be able to perform thh functi-on HP personnel receive 
training to respond.to a variety of emergency situations. The HP 
procedures, .. are writt'en to provide ·guidelines to, respond to .. 
emergencies.- .· Together, the training and written --procedure deta i 1 
the HP Emergency: Response ·Program., . 

Emergency.Response. ,The HP.personnel are, in:many. situations, the 
·. first to respond to a radiological emergency. The ability to 

assess and evaluate the situation and tal{.e immediate steps to 
· .minimize ·the effects ·of the event is crucial for cQntrolling the 
· emergency .. ·rhe HP personnel must use their training and . 
experience to inalce good decisions during the initial- response .to · 
an emergency~ ·· · · · · 

An emergency response may be. initiated by pers~nnel observing the'. 
event, alarms, the Patrol Operation Ceiltl!r, or the ~rilergency 
Control Center{s) once they are manned .. For a p] anned response, . 
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HP personnel shall be in teams of at least two. Out of necessity 
{e.g., backshift response), one member could be an Operations 
person or other emergency service person such as fire or patrol. 
A rapid response is required; however, no undue risks should be 
taken nor should employee personnel safety be compromised. The 
type of emergency determines the level of planning for HP 
response. For example, a continuous air monitor {CAM) alarm or a 

. small radioactive spill requires little planning for the initial 
response. However, when an emergency causes a facility evacua
tion, preplanning {e.g., stay time, entry route, etc.) and 
approval of the Building/Facility Emergency Director is necessary 
for a re-entry. 

Although HP personnel respond to an emergency using basic guide
lines, an area/facility may have specific procedures that have 
priority over these guidelines. 

WHC-CM-4-13 {WHC 1991a), Section 12.1.2.3, REV 2, EFFLUENT EXHAUST 
CAM AL~RM RESPONSE. This procedure establishes the standard 
method of handling samples from, and response to alarms at, 
Effluent Exhaust CAM systems. 

WHC-CM~4-13, Section 12. 1.2.4, REV 0, PUREX MAIN STACK {291-A=l) 
ALARM RESPONSE~ This procedure establishes the method of response 
to alarms occurring on the Moving Filter Radioactive Aerosol 
Monitor (MFRAM), on the Continuous Particulate Release Moni~or 
{CPRM), to alarms on the CPRM or MFRAM iodine monitors, or to 
high=activity levels detected on the Effluent Release Record 
Sample. 

WHC-CM-4-13, Section 12.1.6, REV 2, STACK EFFLUENT RELEASE 
RESPONSE. This procedure establishes guidelines for responding to 
a potential or actual release of radioactive material through 
exhaust stacks. 

WHC-CM-4-13, Section 12.2.1, REV 2, EMERGENCY. RESPONSE AIR 
SAMPLING. This procedure establishes the instruction and 
guidelines for air sampling in an emergency situation. 

WHC-CM-4-13, Section 12.2.3, REV 0, HEALTH PHYSICS EMERGENCY 
RESPONSE TEAM. This procedure provides the organizational 
structure of, the instructions for, and the responsibilities of 
the HP Emergency Response Team and the Radiation Protection · 
Technologist {RPT) Field Survey Teams. 

WHC-CM~4-13, Section 12.2.4, REV 2, EMERGENCY RADIOACTIVE PLUME 
TRACKING. This procedure establishes the instruction to track a 
plume created from a radioactive material release to the 
environment. 

WHC-CM-4-13, Section 12.2.6, REV O, GENERAL GUIDELINES FOR 
EMERGENCY RESPONSE. This procedure provides general guidelines to 
handle emergency situations. · 
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WHC-IP-0263-202A (WHCil990b)·~: W~.sting~ouse Hanford Company Emer~ · 
gency Plan, for PUREX Facility. This document provides _:, · · 
instructions for many types of emergencies, including. excessive · 
re.leases· of radioactivity via the stacks. · · · 

WHC-CM;..5-9 (WHC 1991 b} , Sect ion 2. 3, REV 1,- PUREX/UO Plant Occur
rence. Categorization, Notification, and Reporting. fhis procedure 
provides in.structions for notification and 'reporting of specific 

. events including environmental releases and related events. 

· 4.3 A descf'iption of the s~le collection and arialysis procedures used in measuring the emission, · 
focluding where appl'icable: ·. · 

4.3.1 . Identification· of sa~l ing sites. and nuimer of sal!Jll ing points, including ttie rational for 
site selection.·. · · · 

The 291-A~l stack. is 7 feet in diameter .. The .. record sampling site 
is a vertical section of the stack., at a height of 60 feet above

.grade. There are a total of.three sampling sites and six sampling 
probes. · . · · . 

. . . - . . 

The elevations of the sample_ports.are.60,.74, .and 88 feet above= 
gr.ade, .which is the_ location of the last major flow disturbance in 
the.stack. The sample ports are, therefore, approximately 8.6, 
10.6, and 12;5 diameters downstream of the-last major disturbance. 

The· staclcis ·200 feet, or 28.6 diameters, tall. · The --sa~ple ports 
are-, the ref ore, approximate 1 y 20, 18, and. l 6. diameters upstream of 
the next·major flow di~turbance • 

. The sites· were. chosen to provide repres·entative sampling .of the 
effluent and•.tO· comply with ANSI Nl3. l-1969 (ANSI .1969}. Tile 
lowest sample port was chosen as the location of the record sample 
probe to minimize the length of sample line in:accordance with 
ANSI Nl3.l-1969~ These sample points ·also meet the .criteria of 

·. 40 CFR 60, Appendix A, Method .1 (EPA 1991}'. . 

4.3.2. A description of the sa~l ing probes ancf representativeness of the sa~Les •.. 

The. sampling probes·are 11 rak.es,'1 that._is, multiport .probes. The 
rakes are paired, i.e.·, there are two rakes at each sample . 
locatiqri. With the exception of the particulate record sample, 
each rake has six inlet ports consisting-of.3/8in. OD by ·. 
0.035 .in. wall 316 stainless· steel tubing. · At the inlet, each 
port is tapered to a knife .edge w;th a 15-degree angle. At the 
74-foot level, the inlet· ports have a 2-in." vertical section· · 
followed by a· 2-in •. radius bend leading into -the rake .. (The 
backup record sample. is collected from a rake at the 74-foot 

. level.} At the 60_.foot and 88-foot levels~ the inlet ports have a 
1-7/8-in. vertical section followed by a 1-7/8-in. radius bend. 

" ' - ' 

. The s·ix-point sample. rakes-collect samples froni the approximate 
centers. of·equal-area annuli.in the stacks alternating between the 
near and far sides of.the annuli. (For an annulus, the 11 center 11 

is halfway between the inner and outer·radii of an annulus.} The 
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table below compares the actual and ideal locations of the inlet 
.ports, and also lists the difference in inches. The positions are 
measured from the center of the stack in the direction away from 
the liner .penetration. The tolerance on the actual dimensions is 
±0.1 ;n. 

Actual Ideal Difference 
(feet} (feet} (inches} 

-3.33333 -3 .. 34752 0.170289 
-2~66666 -2.66630 0.004329 
-1.66666 -1.72479 0.697569 
0 0 o· 
2.25 2.247799 0.026401 
3 3.026393 0.316717 

The rake·that currently collects the particulate record sample has 
16 inlets, consisting of 304 stainless steel tubing. At the inlet, each 
port is tapered to a knife.,edge with a 15-degree angle. The inlet ports 
have a 2-fn. vertical section followed by a 2-in. radius· bend leading 
into the rake at.a 45-degree angle. The outer two ports are made of 
3/8 in. OD, 0.065-in. wall -tube. The next six ports are made of 
1/4 ·in. OD, o.02s~in. wall tube. The inner eight ports are made of 
1/4 in. OD; 0.035-in. wall tube. The inlet· ports are arranged 
synmetrically and approximately centered over equal=area semi-annuli. 
The table compares the actual and ideal locations of the inlet ports,. 
and also lists the-diff~rence. The positions are measured from the 
center of the stack. The tolerance on· the actual dimensions is ±0.1 in. 

Actual Ideal Difference 
(feet) (feet) (inches} 
0.6167 0.618718 0.024621' 
1.5000 1.493718 ·0.015378 
1.950() 1.946652 0.040178 
2.3083 2.309088. 0.009063 
2~6250 2.620933 0.048799 
2.9000 2.899040 0.011508 
.3.1500 3.152519 0.030234 
3.3833 3.386975 0.043701 

The use of an isoldnetic 16-point probe located more than 8 duct 
diameters downstream of the last major flow disturbance ensures 
representative sampling. 

4.3.3 A descr;pt;on of any cont;nuous monitor;ng systems used to measure emiss;ons, including the 
sensit;v;ty of 'the sys.tern, calibratfon procedures and frequency of calibration. · 
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Not applicable--emissions are not monitored continuously for 
compliance demonstration.· 

4.3.4 A description of the sail1>le collection systems for each radionuclide measured, including 
frequency of collection, calibration procedures and frequency of calibration. 

The sample is continuously removed from the effluent stream via. 
the rake described in Section 4.3.2. The· sample then flows 
through the sample line and the partic·u1ates are collected on a. 
sample filter. The sample filters are replaced weekly9 and 
sometimes more often. The filtered gas then flows through two 
silver zeolite cartridges to capture iodine and other volatile 
elements. Section 4.3.6 describes the calibration of the sample 
flow rate measurement equipment. 

No irradiated fuel has been i.ntroduced into the PUREX Plant for 
several years. No dissolutions have been performed since late 
1989 Gaseous sampling systems had shown that the levels of 3H 
and i4c had fallen to levels at or below the analytical detection 
limit, which were well below environmental release and monitoring 
limits. Consequently, sampling for these nuclides is no longer 
required or performed. The release of other radioactive gases 
decreased more rapidly than for these nuclides. Consequently, 
there is no need for gaseous nuclide sampling. 

4.3.5 A description of the laboratory analysis procedures used for each radionuclide measured, 
including frequency of analysis, calibration procedures and frequency of calibration. 

The Facility Effluent Monitoring Plan Determination for the 
200 Area Facilities (WHC 1991c) lists the analytes of interest for 
the 291-A-l Stack. These are: 238Pu, 239•240Pu, 241 Am, 89

•
90Sr, Gamma 

Energy Analysis · Gross U 147Pm 1291 131 I 125Sb 113Sn 103Ru and 
106 ' ·' ' ' ' ~ ' ' Ru. 

4.3.6 A description of the sample flow rate measurement systems or procedures, including 
calibration procedures and frequency of calibration. 

After exiting the record sample filter, the air flows through a 
flow measurement and control system. Currently a Kurz*.Model 505 
system measures the sample.flow rate, a Kurz model 101-RM 
totalizes the sample flow, and a Kurz 710RMD(4200) adjusts a 
control valve to maintain a constant flow. At least once a day an 
employee adjusts the 710RMD to ensure isokinesis. The instruments 
are calibrated at least once per year (normally every 6 months). 
Currently the calibration procedures are PSCP-1-045, PSCP~4-167, 
and PSCP-4-197. , 

*Kurz is a trademark of Kurz .Instruments, Inc. 
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After exiting the flow control valve, the air flows through a 
rotameter which provides .backup indication. Approximately yearly 
calibration is accomplished by comparison with a standard 
rotameter, using procedure PSCP-7-001. 

4.3.7 A description of effluent flow rate measurement procedures, including frequency of 
measurements, calibration procedures and frequency of calibration. 

A six-point Kurz probe continuously measures the flow through the 
stack ·at the 74-foot level. A Kurz Model 195B transmitter sends 
the signal to a Kurz Model 142-RMD and a Kurz Model 132, which 
then drives a recorder, which continu~usly records the flow rate. 
The total flow is then summed from the recorder trace~ The six 
flow elements on the six-point probe are pre-calibrated by the 
manufacturer. The remaining instruments are calibrated at least 
once per year (normally every 6 months). Currently the · 
calibration procedures are PSCP-1-0,4, PSCP-4-001, and PSCP-4-167. 

The objectives of the quality assurance program shall be documented arid shall state the required 
precision, accuracy, and completeness of the emission measurement data including a description of 
the p_rocedures used to assess these parameters. 

The objectives· will be documented in a future Environmental 
Protection Quality Assurance Project Plan. 

The.quality. control program shall evaluate-and track the quality of the emission measurement data 
ag~inst preset criteria. The program.should include, where applicable, a system of replicates; 
spiked s~les; split samples; blanks; and control charts. The mmer and frequency of such quality 

·control checks.shall be. itjentified. · 

The program will be described in a future Environmental Protection 
Quality Assurance Project Plan. 

4.6 A sample t"racking system shall be established to provide for positive identification of samples and 
~,. data through all phases of the sampling collection, analysis, and reporting system. Sample handling 

and preservation procedures shall be established to maintain integrity of the samp,les during 
· collection, storage, and analysis. _ 

Refer tq Section 6.2.3 of the main part of this document._ 

4.7 Periodic internal.and external audits shall be performed to monitor compliance with.the quality 
assurance program. These _audits shall·be performed- in accordance with written proc~ures and 
conducted by personnel who do not have responsibility for performing any of.the operations being· 
audited.. · 

Refer· to Section 7.0 of the main part of this document. 

4.8 A corre.ctive action program shall be established including criteria for when corrective actions will 
be _taken and who is responsible for t_aking the corrective action. 

R~fer to Sections 4.0 and 7.0 of the main part of this ~ocument. 

4.9 Periodic reports.to responsible management shall be prepared on the performance of the emission 
measurements program. ·These reports should include assessment of the quality of the data, results 
of audits, and description of corrective actions. 
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Refer:to.Section 9.0 of the ·main part of this document~ 

4.10 Provide qualifications and training needed for Facility Cognizant Engineer •. 
. . . . ' ' ·. ,, . .• 

WHC-CM-5-9, Section 2.19, REV o-, SELECTION OF PUREX/U03.COGNIZANT 
ENGINEERS AND COGNIZANT ENGINEER MANAGERS. 'This proceaure 
establishes the requirements, qualifications.,. and process for the 
selection of PUREX/U03 Cognizant Engineers and Cognizant.:Engineer. 
Managers ._ _ · -- _ · · · _··. 

_A-11 



WHC-EP-0536 

REFERENCES 

ANSI, 1969, Guide to Sampling Airborne Radioactive Materials in a Nuclear 
Facility, ANSI ·NI3.l, American National Standards Institute, 
Washington, D.C. · 

.EPA~ 1991, "Standards of Performance for New Stationary Sources, 11 Title 40, 
Code of Federal Regulations, Part 60, U.S. Environmental Protection 
Agency, Washington, D.C. 

PSCP-7-001, AIR ROTAMETER, CALIBRATION PROCEDURE 

PSCP-4-197, KURZ MODEL 710 RMD FLOW CONTROLLER, 4200 AND 7500 SYSTEMS 

PSCP-4-167, KURZ SAMPLE LOW TOTALIZER, MODEL 101 

PSCP-4-001, TAYLOR QUICK-SCAN RECORDER, SERIES 1300, CALIBRATION PROCEDURE 

PSCP-1-045, KURZ LINEAR MASS FLOW METER, SERIES 505 AT PUREX 

PSCP-1-044, KURZ )42/151 RM, CALIBRATION PROCEDURE· . 

WHC, l990a, Health Physics Practices Manual, as amended, WHC-CM-4-12, . 
Westinghouse Hanford Company, Richland, Washingtono · 

WHC, 1990b, Westinghouse Hanford Company Emergency Plan for PUREX Facility, 
WHC-IP-0263-202A, Westingho~se Hanford Company, Richland, Washingtono 

WHC, .. 1991a, Hearth Physi,cs Procedures Manual, as amended, WHC-CM-4-13, 
Westinghouse Hanford Company, Richland, Washington. 

WHC, 1991b, PUREX/U03 Plant Occurrence. Categorization, Notification, and 
Reporting, as amended, WHC-CM-5-9, Westinghouse Hanford Company, 
Richland, Washington. 

WHC; 1991c, Facility Effluent Monitoring Plan Determination for the 200 Area 
Facilities, WHC-EP-0440, Westinghouse Hanford Company, Richland, 
Washington. 

A-12 



WHC-EP-O536 

APPENDIX B . 

METHOD.114 COMPARISON FOR STACK 291-8-1 

J. A. Koerner 

(To Be Determined) 

B-1 



WHC-EP-0536 

This page fntentionally left blank . 

. ~ .. 

B-2 



C 
I. 

WHC-EP-0536 · .. 

'', 

~ ,, 

APPENDIX C · 

. METHOD 114 COMPARISON FOR STACK 291-Z~l 

J. G. Kri stofzslci 

C-1 



WHC-EP-0536 

This page intentionally left blank. 

C-2 



WHC-EP-0536 

APPENDIX C 

METHOD 114 COMPARISON FOR STACK 291"."'Z-1 

This .section provides a line-by-line evaluatton. of quality assurance·method 
requirements outlined in..40 CFR 61., Appendix B, Method"ll4, as they.apply to 
the 291-Z-l stack at the Plutonium Finishing Plant (PFP), Hanford.Site. 

· METHOD 114-TEST METHODS FOR MEASURING. 
RADIONUCLIDE EMISSIONS FROM. STATIONARY'_SOURCES 

1.0 Purpose and Background· · 

This method provides the requirements for: (1) Stack monitoring and sample:·collection methods appro
priate for radionuclides; (2) radiochemical methods which are used in determining the amounts of radionu
clides collected by the stack sampling and; (3) quality assurance methods which are conducted in conjunction 
with these measurements. These methods are appropriate for emissions for stationary sources. • A List of 
references ·is provided~- · 

Many dHferent Wpes of fac.ilitie~ release radionuclides into. air. Thes~ radi~nuclid~~ differ in the· 
chemical and physical forms, half-Lives and type of radiation emitted. The appropriate combination of sample 
extraction, collection and. analysis for an individual radionuclide -~s dependent upon many interrelated 
factors including the mixture of other radionuclides·present. Because of this wide range of conditions, no 
single·method for·monitoring or sample collection-and analY,sis of a radionuclide is applicable to all types 
of faci L ities. Therefore, a series of methoc:!s based on "principles of measurement" are described for : · · 
monitoring and sample collection and analysi,s which are applicable to the measurement of. radionucl ides found 
in effluent streams at stationary sources. This approach provides the user with -the flexibility to ch_oose. 
the most appropriate combination of monitoring and·sample collection·and analysis methods.which are 
applicable to the effluent stream to be measured. · · · 

' ' . 

2.0 Stack Monitoring and Sanple Collection Methods 

Monitoring and sample -~ollectfon methods are described bas~ ,on "principles of monitoring. and· sample 
collection" which are appl-icable to the measurement of radionucl ides from effluent streams at stationary 
·sources·. Radionuctides of most elements will be in the particulate form in these ·effluent- streams and can 
be readily collected using ·a suitable filter media. Radionuclides-of hydroger1, oxygen, carbon,. nitrogen, 
the noble gases and in some circumstances io_dine will be in the gaseous form •. Radionuclides of. these 
elements will require _either the use of an in-Line or off-line monitor to directly measure the 
radionucl ides,· or suitable sorbers, condensers_. or bubblers to coUect the· radionl!cl ides. 

2.1 Radionuclides as Particulates. The extracted effluent sfream·is passed -through.a filter media to. 
remove the particulates. The filter.must have a high efficiency for removal.of sub~micron particles.· The 
guidance in ANSI N13.1-1969 shall be followed in-using filter media to collect particulates 
(incorporated by reference-see§ 61.18). 

The filter media used to remove the ·particul_ates is· a 47-mm 
-Versapor* 3000 or equivalent air sample filter as described by 

· WHC-CM--4-13, Sect ion· .5. 5. 5. 7-, REV: 2 .. 

2.2 Radionuclides as·Gases. 

The 29l~Z-l stack does not exhaust radionuclide gases;. therefore, 
this section· is,not applicable to th.is stack:. 

*Trademark of Gelman Sciencesj Inc~ 
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2.3 Definition of Terms 

No response required. 

3.0 Radionuclide Analysis Methods 

The analysis methods have been evaluated by the 222-S Laboratory cognizant 
personnel and are included as Appendix G. 

4.0 Quality Assurance Methods 

Each facility required to measure their radionuclide emissions shall conduct a quality assurance 
program in conjunction with the radi-onuclide emission meas~rements. This program shall assure that the 
emission measurements are representative, and are of known precision and accuracy and shall include 
administrative controls to assure proq,t response when emission measurements indicate unexpectedly large 
emissions. The program shall consist of a system of policies, organizational responsibilities, written 
procedures, data quality specifications, audits, corrective actions and reports. This quality assurance 
program shall include the following program elements: 

4.1 The organizational structure functional responsibilities, levels of autpority and lines of 
conmunications for all activities related to the emissions measurement program shall be identified 
and docunented. 

4.2 Administrative controls shall be prescribed to ensure pr~t· response in the event that emission 
levels incr~ase due to unplanned operations. 

WHC~CM-4-1, REV ls Emergency Plan .. This manual contains an emer
gency preparedness plan to protect onsite personne19 public health 
and safetys and the environment in the event of operation 5 natural 
phenomenas and/or safeguards and security events at Westinghouse 
Hanford Company (Westinghouse Hanford) facilities. The requirements 
stated in the emergency preparedness plan are implemented through 
subtier plans and implementing procedures. These implementing plans 
and procedures established for response to emergencies by 
W~stinghouse Hanford personnel and emergency management 
organizations are contained in WHC-CM-4-43 9 Emergency Management 
Procedures; WHC-CM=4=44, Emergency Preparedness Administrative 
Manual; various building emergency plans; and Westinghouse Hanford 
facility operating procedures (WHC-IP-0263-PFP). 

WHC-CM-4-12, Section 1.14, REV 0, "Al arm Response and Management. 11 

This section provides guidance and sets requirements for managing 
the responses to alarms that are the responsibility of Occupational 
Health and Safety (OHS). This practice is applicable to all members 
of the OHS. Area OHS managers shall ensure that all members of 
their organizations are aware of and adhere to this practice. 

WHC-CM-4-12, Section 2.1, REV 0, "Radiological Problem Reporting 
Program." The purpose of this section is to provide a documented 
record of observed radiological problems, a mechanism for reporting 
these problems to management for action, a capability to track and 
monitor the progress of the planned corrective actions, and a 
database for assessing trends in radiological program performance 
and needed actions. 
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WHC-CM-4-12, Section· 12. L REV: 1, '"Emergency Response~ 11 An. eme~
gency is a sudden unexpected.event. requiring immediate response to 
mitigate impacts to people, property, or the environment~ ·when 

.radioactive material is involved, Health Physics (HP) plays a major 
role in evaluating, controlling, and·recovering from the event. To 
be able to perform this·function, HP personnel receive ·training to 

· respond to a variety of emergency situations.· The:HP procedures 
(WHC-IP-0692 and WHC-CM-4-12) are written to. provide gui.del ines to 
respond to emergencies. Together, the training and. the written 
~rocedure detai) the· HP emergency resp~nse program. · • ·. . · 

Emergency Response. · The HP personnel, •in mal'ly situations, .ire the 
first to respond to a radiological emergency. The ability to assess 
and evaluate the situation and talce immediate steps to minimize the 

· effects.of the event is.crucial for controlling the emergency. The. 
•HP personnel use their training and experience to malce decisions 
during the initial response to an emergency. 

. . 
An emergency response may·be. initiated by (1) personne.1.observing 
the event·, (2) alarms, (3) th~ Patrol Operation Center, ·or ·(4) the 
Emergency Control Center(s) onc:e they are manned. The type of 
emergency determines the level of' planning for HP response. ·Fora 
planned·response, HP perso!lnel shall be in teams of at least two . 
. Out o.f necessity (e.g., baclcshift response), on;e niember could be an 
Operations person or other· emergency service person such as a ·. 

· firef,ighter·or·patrol.· If'a. rapid response is required, no undue 
risks should b~ taken nor should personiiel·safety be compromised. 
When an emergency ·causes a facility evacuation, preplanning (e.g., 
stay time, entry route, etc.) and- approval of.the Building or 
Facility :Emergency Di rector· is . necessary to re-enter. · 

. . ' . ' . ' 

Although HP personneLrespond to an emergency- using basic guide
lines, an area or fac_ility may nave specific proce~ures that have 
priority over these guidelines. · · · 

. •, . ' . . . ' 
' . . 

WHC-IP-0692, Section. 12.1.2.6, REV 0, · 11 HP Respons~ to Room ·221A & 
Room 631 Annunciator Pa~el Alarms. 11 This. procedure provides the HP. 
staff at PF~ the foformation ~nd required :actions needed to respond 
to a radiatlon. or contamination-related alarm.·· 

'.. ' . . . ' ':.' \. . ·-

WHC-IP-0692, Section 5.2~2~6, REV: 2, "Gaseous Effluent Sampling and 
Monitoring System Opera.bil ity)nspection. 11 _ 'This procedure estab- · 
1 i shes the method: of inspection, eva 1 uatiori ,' and discrepancy · 
reporting of the operatfonat status of Gaseous Effluent Monitoring 
Systems (Stac!{ Packs'), i'il use in the. 200 East and. West· Ar·eas. 
. . " '. ~. . . ' 

WHC-CM-4-}3, .. Section 5.2.2.7, REV 2, :11 0perati~n.'of 'Gaseous Effluent 
Sampling and Monitoring Systems. 11 

· This _procedure establishes· the • 
standard method of·operation of Gaseous Effluent Sampling and · 
Monitoring Systems. (Generic Stacie Pack:s) in use in. the 200 East and 
West Areas. . ·, . . : ' - : ··· .. . . . . •·· · . -. . , 

' . . -
WHC~DI-33920-010, REV _o,. Operation and Inspection of PFP Stack 

·sampling and.Monitoring Systems. This deslc instruction provides PFP 
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an~ stack-specific implementing procedures and references for the 
,effluent sampling and monitoring systems focluding response to 
alarms. 

WHC-CM-4-13, Procedure No. 12.1.2.3, REV 2, 11 Effl uent Exhaust CAM 
Alarm Response.". This procedure establhhes the standard method of• 
handling samples from, and response to alarms at, effluent exhaust 
continuous air mon;tor (CAM) systems in an expedited fashion. 

WHC-iP-0263-PFP, Section 6.0, REV 2, "Emergency Response Plans. 11 

This procedure establishes guidelines for actions to be taken if the 
PFP discharges highly radioactive gaseous material. 

WHC-CM-5-8, Procedure 1.5, REV 2, "Non-Routine Release Response. 11 

.This procedure details the response actions to nonroutine releases 
· as evidenced by high sample results from gaseous effluent samples at 
the PFP. 

WHC-IP-0692, Procedure No. 12.2.1, REV 2, "Emergency Response Air 
Sampling." This procedure describes the·guidelines and steps for 
-emergency air sampling inside and outside facilities when a release 
of radioactive material is suspected. · · 

WHC-IP-0692, Section 12.2.3~ fREV O, "Health Physics Emergency 
Response Team. 11 This procedure provides the organizational 
structure of, the instructions· for, and.the responsibilities of the 
H.P Emergency Response Team and the HP Technicians Field Survey 

· Team·s. Thh procedure describes the steps for an initial emergency 
response by the HP Emergency Response Team and HP Technicians _Field 
Survey Teams. The. HP Emergency Response Team and the HP Technicians 
Field Survey Teams may be requested to respond to an emergency when 
an environmental release of radioactive material may extend beyond 
the: control of a .facility ·or outside the Hanford Site boundaries. 
These teams will have monitoring responsibilities only outside the 
boundaries of the event site.· · 

WHC-IP-0692, Section 12.2.4, REV 2, 11 Emergency Radioactive· Plume 
Tracking. 11 This procedure establishes the instruct ions to track a 
beta-gamma plume created from a radioactive materia1 release to the 
environment and determine if it is. at ground level or at an elevated 
·level. 

Notifications and reporting of speci-fic events related to environ
mental releases and/or events involving effluents and/or hazardous 
materials. are reported via instruction. given in WHc:..cM-7-5, 
Environmental Compliance Manual, and WHC--IP-0263-PFP, Building 

· Emergency Plan for Plutonium Finishing P.Jant Complex Emergency 
Response Plans, Section 6.6, 11 Radioactive Materials Response Plan. 11 

,The purpose of these manuals and sections is to establish and 
'implement specific criteria and requfrements for the identification, 
c~tegorization, notification, and reporting. of occurrences at the 
PFP, as required by WHC-CM-1-3, MRP 5.14, 110ccurrence Reporting and 
Processing of Operational Information." · 
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. 4~3 The saq:,le collect.ion and ·analysis p~~c:edures used in measu~ing_. the emissions sh~~l be described. 
including where applicable: . · . ·. . · ·_ · · ·: · ·. 

,·4.3.1 Identification of s~ling-sites and n*r of saq:,ling points, including·the''r,ationale for 
site selections... - · · ,, -

A'-contfouous effluent sample is extracted from the 291;;;z:..1 stack by 
a. single probe loc.ated at the 15 in (50 ft) level of-the>stack. The 

• stack diameter at this location is 15.75 ft.· The nearest flow 
· disturbances are at the inlet and outlet 'of:.the·sta:ck, approximately 
three stack,diameters downstream and nine stack diameters upstream 

· from the sampling location .. The 15 m· (50 ft) sampling location was 
selected after extensive studies were performed. The presence of an· 
exist i rig penetration in· the stack·. at this 1 eve 1 ·. was an important 
factor in sample site location as-this supplied .Pacific Northwest 
Laboratory (PNL) an access point through-which i_nstrumentation could 
be inserted to study the effluent character.istics> · The site was 
proven to be acceptable for _s,ampl'ing~ · -

This sampling 1 ocation meets the stack diameter requ-irem~rits of 
40 CFR 60, Method .1. . -

4.3~2 k descripti~n of- saq:,Ung probes and 'representat'iveness of· the: saq:,les. 

The sampling probe consists of six nozzles_ branching from·a·single• 
sample delivery line and is entirely of 300-series stainless steel 
(dra~ings H-2;..28543 and,H-2-28545). · The colJecti.on probe spans the 

-dtameter of .the stack with the nozzles centered in six equal annular 
areas. The·. bend radii of the collection tubes·are 2.5. times the 
tube radius or l. 25 times the tube diameter. - The sample, deli very 
line increases:in diameter as each branch line join_s to keep the -
mass flow rate-consistent,with. sample velocity •. The probe delivers 
the sample to·a 300-series stainlf:!ss steel flow splitter for record. 
and CAM·samples .. ''·. · 

The velocity. distribution at. the sampling site was measured- before 
sampler c;:ons.truction. _ But as stated in ANSI N13_~l-1969, 11 as the 
flow becomes· more turbulent, -the velocity becomes. more nearly-
uni form across . the duct. 11 

• Therefore, ·ve 1 oci ty di stri buti on is of 
. lesser importance for the 291-Z-1 st.ack as the flow is highly 
· turbulent. (Reynolds Number = .. 2,000,000). The.flow rate for the 
. 291--Z-1 stack varies, only- a few. percent. The- var,iation in 1988 was 
determined to.be only 3%-and·forl99l a variation of 4.5% was 
observed. Given·. these facts'~ the sample probe. provides the sample 
collection system ·with a· representative, isokinetic sample. 

4.3.3 A description of any continuous monitoring system used to measure emissions, including the 
sensitivity of the system, calibration procedures and frequency of calibration. _ 

' "•""•, 

· Not applicable--emissions. are not monito_red continuously. 
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4.3 .• 4 A clescr;ptfon of the saf11)le col lectfon systems for each radfonucl ide measured, includ;ng 
frequency of collection, calibration procedures and frequency of calibration. 

The sample collection probe extracts effluent from the stack. at a 
flow rate of 6 std. ft 3 /min •. The sampler probe uses six nozzles for 
sampling the stack. flow (drawing H-2-28545). A sample transport 
line extends approximately .1 m, horizontally, from the stack. surface 
connection .flange to the monitoring instruments located within an 
adjacent, elevated sample shack.. The sample transport line is 

. heated by a baseboard heater immediately below the line within the 
building-to inhibit condensation of moisture and resultant sample 
flow retardationby·m~intaining the temperature above the dewpoint. 
The sample transport line was selected and installed to m;nim1ze 
particle loss attributed to gravity settling and turbulent 
impaction. The transport line length and tube transition severity 
of the sample transport line were minimized. The bend radif are 
1.25 times the. inside diameter of the collection tube. Once the 
extracted sample is delivered to radia~ion monitoring system 
instrumentation, the sample stream passes through a flow splitter 
and ·is divided inio two equal parts: the record sample loop and the 
CAM loop. 

Particulate radionuclides are collected with a record sampler. The 
record sampler collects the particulates on a 47-mm-diameter filter 
(Gelman Sciences, Versapor 3000, 3 µm or equivalent). ;This filter 
is a membrane filter composed of acrylic copolymer cast on a non
woven-nylon substrate good for collecting 0.3-µm size particles with 
a 91%-collection efficiency in air. applications. The record sampler 
provides a representation of the amount and concentrations of radi9-
active particulates being·discharged. · The record samples provide 
the .. basis for reporting the amount and concentration of radionu-
cl ides released to the environment. The filter-media is exchanged 
weekly and evaluated for gross alpha and gross beta activities by 
laboratory analysis. The filter media is then composited for 
quarterly analysis of specific radionuclide concentrations. 

The CAM loop collects particulate matter in a similar fashion to 
that of the record sampler, but the_CAM monitors for elevated 
radioactivity on the f-ilter. This instrument provides process 
control and back.up capability for the record sampler. The CAM is 
calibrated annually. 

4.3.5 A description of.the laboratory analys;s procedures used for each rad;onuclide measured. 
including frequency of analysis calibration procedures and frequency of calibration. 

' . 
Refer to Appendix G. 

4.3.6 A descr;ption of the sa111>le flow rate measurement systems or procedures, including calibration 
procedures and frequency of calibration. 

The sample flow rate is measured and regulated by instruments 
located downstream of the sample collection filter and CAM. The 
record sample loop passes in turn through an integrating flow meter 
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(totalher);'a- sight flow indicator·(rotameter), a vacuum pressure 
indicator, a vacuum switch, a flow regulator,·and a vacuum pump._ 

. The fl ow rate regulator is provided to ma i nta H1 a constant fl ow rate: 
. ·through the collection filter assembly to compensate for filter

loading· effects. Audible and visible alarms signals indicating low 
vacuum pressure are provided remotely in the HP office and the power 
control room(both constantlymanned locations). The calibration
procedures and frequencies are sumarized in Table C-1. 

4.~.7 A de~cr;pt;on .of th; effluent flow rate measurement. p~~cedures, ;nclud;ng .frequency of 
measurements, cal ;bratfan procedures and frequency of cal ;bratfon. 

The volumetric flow rate for'the 291-Z-1 stack is determined by the 
sunmation of independent flo~ rates of five tributary effluent · 
streams. The streams are independently measured in accordance with· 
pre~approved procedure- PFP-PAP-076, .· 11 Stack Fl ow Measurements, 11 which 
references the vent and balance procedure 7-GN-56. The measurement 
locations and methods do not. strictly conform to the. criteria of 
40 CFR 60, 11 Methods. 11 The flow rate is d-irectly measured with a 

· standard pitot tube. The measurement locations are very close to 
flow disturbances both upstream.and downstream.- The building 
ductwork design does_ not a 11 ow for a 1 tern at i ves-. The fl ow rates are 
determined guarterly as the flow rate does-_ not widely vary. 

' ' 

4.4 The object;ves- of the· quality assurance program. shall be documented arid shall state the required 
·precis;on, accuracy and completeness· of the eni;ss;on measurl!f!lent data ;nclud;ng a description of- the 
procedures used to assess these parameters. Accuracy is the degree ·of-agreeinent of a measurement with 
a true or known value. Precision.is a·measure of'the agreement among indiv;dual measurements of the· 

_same-parameters under similar cond;tions. Completeness is a measure of the amount of data obtained 
c.~red to:the amount expected under normal conditions.· 

See Appendix· G. The objectives· will _be documented in a future 
Environmental ··protection Quality Assurance Project Pl an. 

4.5 A quality control program shall be established to evaluate and track the quality of the emissions 
measurement data against preset criterfa. The program ·should Include where applicable a system of 
replicates, sp;kect samples, split samples, blanks.and control charts •. The number and frequency of· 
such quality control· checks .shall be identHi~. · 

. See Appendix G' •. 

4.6 A sa~le .track;ng system shall be established to provide for positive identification of samples 
.and data through .all phases of the sample·collectiori, analysis and reportingsys·tem~ ·sample handling 
and preservation procedures shall be established to mainta;n the integrity of samples durjng 
collection, storage and analysis. .· •. · ·· . · · · . 

See Sect.ion_ 6.2.3 of the mafn body of this document. 
' ' 

4.7 Periodic internal and external .audits shall be perf~i;-med .to monitor compliarice with the quality 
assurance program._ These audits shall be performed .in accordance with wr.itten__procedures and . -· 
conducted by personnel who do not. have responsibility for performing any of the operatiQns being 
audited. ·· · · · -: · · · · ·. 

. ' . 

See Section·r.o of the ma1n body·of this document. 
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T~ble C-1. Calibration Pro~ed~res and Frequenties for Record .Sampler 
_ (Sample Flow Mea~urement Devtces). 

Component Proc·edures PISCES* Frequency 

Vacuum gauge PSCP-4-091 E0004-2 ·6 month 
7-GN-038-

_, 

.. 

Flow totalizer EOOOS-1 -3 month 

PSCP-4-007 . 
7-·G~-038 

., Install /annual 

·Rotameter - PSCP-7-001 .. Y0016.:.C 6 month 
.·. 7:-GN-038 

.. ,, 
' ~witch· 

-. 
EOOOS-2 Vacuum PSCP-6-011 6. month 

-7-GN-038 ... . . 
·., 

~WHC-CM:-8-2' 

The CAM loop differs only i·n that the sight flow indicator is an 
integral part of the CAM itself and that there ·;s no flow totalizer. 
All other flow measurements~- regulat-ions, and monUoring is· 
identical to that of'the record sampler loop.· The calibration 
procedures and frequencies are sumarized in Table C-2.' · 

Table·c:..2. Calibration Procedu~es- and Frequencies f~r Continuous 
Air Monitor Sampler -(Sample Flow Measurement. Devices)._. 

Compor,ent Procedures PISCES Frequency 

Vacuum gauge PSCP-4-09l E0004:-l 6 month 
' ' 

', 7-GN-038 ·_ 

Continuous' air· .PNL-MA-563 6 month 
monitor/roiameter, 

Vacuum switch .. 
PSCP-6-011 ,, EOOOS"-3 6 month-
7-GN-038, 

,. . 

Independent vacuum pumps are provided for 'each loop of the system. 
Redundant vacuum systems are not furriished~ but failure annunciation 
(low flow rates) is provided arid checked periodically to demonstrate 

·operability. · 
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. . . 

4.8 A-correct;ve act;on program shall be establ;shed- including cr;teria· for when corrective-action is 
needed, what corrective action will be taken and who is responsible for tak;ng the correct;ve act;on. 

See Section 8.0 of the main body of this document. 

4.9 PerfocHc reports to responsible management shall be prepared on the performance of the emissions 
measurements program. These reports should include assessment of the quality of the data, results of 
audits and description of corrective actions. 

, . . 

See Section 9.0 of the main body of this document.· 

4.10 The quality assurance program should be docunented in a quality assurance project plan which 
should address each·of-the above·requirements. 

The quality assurance program addressing stack 291-Z-1 will be 
documented in a future quality assurance project plan. 
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· APPENDIX D 
' . 

METHOD 114 COMPAflISON FOR STACK 296-A....'.22 

1. Purpose and Background 

This method provides the requirements for: (1) Stack monitoring and saq>le collection,methods 
appropriate for radionuclides; (2) radiochemical methods which are used in dete.rmining the amounts. of 
radionuclides collected by the stack sampling and; (3) quality assurance methods which are conducted in . 
conjunction with these measuremenfa.· These methods are appropriate for emissions for stationary sources. A 
list of· references is provided. , · · 

Many different types of facilities release·radionuclides into air. These radionuclides differ in the 
chemical and physical forms, half-lives and type of radiation emitted. The appropriate combination of sample 
extraction, collection and analysis for an individual radionuclide is dependent upon many interrelated 
factors including the mixture of other radionuclides present. Because of this wide range .of conditions, no 
single method for monitoring or sample collection and analysis of a radionuclide is applicable to all types 
of facilities. Therefore, a series of methods based on "principles of measurement" are described for 
·monitoring and sample collection·and analysis which are applicable to the measurement of radionuclides found 
in effluent streams at stationary sources. This approach provides the user.with the flexibility to choose 
the most appropriate combination of monitoring and sample coll-ection and analysis methods which .. are 
applicable to the effluent stream to be measured. -

2. Stack Monitoring and Sarrple Collection Methods 

Monitoring and sample collection methods are described based on "principles of monitoring and sample 
collection" which are applicable to the measurement of radionuclides from effluent, streams at stationary 
sources. Radionucl ides of most ·elements wi U be in the particulate form in these- effluent streams and can 
be readily collected using ·a suitable ·filter media. Radionuclides of hydrogen, oxygen, carbon, nitrogen, 
the noble gases and in some·circumstances iodine will · 
be in the gaseous form. Radionuclides of .these elements will require either the use of an in-line or 
off-line monitor to directly measure the radionuclides, or suitable·sorbers, condensers or bubblers to 
collect the radionucl ide_s. · 

2.1 Radionuclides as Particulates. The extracted effluent stream is passed.through a filter media to 
remove the particulates. The filter must have a high efficiency for.removal of sub-micron particles. 
The guidance in ANSI. N13.1-1969 shall' be followed in using filter media to collect particulates · 
( incorporated by reference-see·.§ 61.18). , 

Plant Documentation 

Gelman Sciences, Inter-Office Memorandum to Karol Butcher, October 
30, 1991, RE: Versapo,r 3000, DOP efficiency. 

WHC, 1991, Heal.th Physics Procedure Manual, WHC-IP-0692 
' ' 

"Operation of Gaseous Effluent Sampling and Monitoring 
Systems, 11 Hea 1th Physics Procedure _No. · 5. 2. 2. 7, Rev 2 

Drawing· H-2..:92505, Sheet 1 of 4· -· Vessel Vent Stack Monitor System_ 
Install ati'on 

Drawing H-2....'.92505, Sheet 2 of 4 -· Vessel Vent Stack Monitor Details 

Drawing H-2-92505, Sheet 4:of 4 -- Vessel Vent Stack Monitor Fl()w 
Diagrain · 

*Trademark of Gelman·Sciences, Inc. 
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•I, 

Response. A 47-m Versapor* 3000 or equivalent air sample filter is 
used for the record sampler. This filter is a membrane filter good 
for co 11 ect i ng O. 3-µm size particles with a col l ect.i on efficiency of 
95.8%. 

2.2 · Radionuclides as Gases. 

Plant Documentation 

WHC; 1991, Health Physics Procedure Manual, WHC-IP-0692 

•- "Silver Zeolite Monitor/Change.:..out Program At 241-AW Tank. Farm 
And The 242-A Evaporator,". 200 Area Health Physics Procedure 
No. 5.2.2.5, Rev 1 · 

Drawing H~2-92505,. Sheet l of 4 - Vessel Vent Stack. Monitor System 
Installation 

· Drawing H-2-92505, Sheet 2 of 4 - Vessel Vent Stack Monitor Details 
Drawing H-2-92505 

-Drawing H-2-92505, Sheet.4 of 4 ~- Vessel Vent Stack Monitor Flow· 
Diagram · 

Response -"".' Si-1 ver zeol ite cartridges are used and are designed to 
collect 1291, 1a11, 12ssb, 11asn, ,oaRu, and ,osRu. - -

2.3 Definition of·Terms 

No· response required. 

3.0 Radionuclide Analysis Methods 

-The analysis methods have been evaluated by 222-S Laboratory· 
cognizant personnel and are included as Appendix G. 

4.0 Quality Assurance Methods 

Each facility required to·measure their radionuclide emissions shall conduct a quality assurance 
program in conjunction with the radionuclide emission measurements. This program shall assure that 
the emission measurements are representative, and are of known precision and accuracy and shall in
clude adninistrative controls to assure proq,t response when emission measurements indicate 
unexpectedly large emissions. The program shall consist of a system of policies, organizational 
responsibilities, written procedures, data quality specifications, audits, correcti~e actions.and 
repo_rts.· This quality assurance program shall include•the following program elements: 

4.1 · The organizational ·structure functional responsibilities, levels of authority and lines of 
CorrmJnications for all activities related to the emissions measurement program shall be 
identified and documented. 

The Organizational Structure· 

See Section 6.2 of the main part of this-document for the 
organizational structure. 
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. 4.2 Aaninistrative controls shall· be prescribed to ensure pr~t resP?nse. in the even~ that 
emission leyels increase due to unplanned operations.. . · • . 

WHC-CM-4-12, 'Section 1. 14, REV a, 11 Al arm Response- and· Management. 11 

·Provides ·guidance and sets requirements for managing the responses 
to alarms that are the responsibility of Occupational Health and 
Safety (OHS). This practice is applicable.to all members of OHS.· 
Area OHS nian·agers shall .ensure that all members of their 
organizations are aware of and adhere.to this practice. 

WHC-CM-4-12, Section ·2.1, REV 0, 11 Radiological Problem Reporting . 
. Program. 11 The radiological problem reporting program. provides a 
documented record of observed radiological ·problems, a mechanism for 
reporting these problems to management for action, a: capability to 
track. and monitor the progress of the planried corrective actions, 
.and a database for. asse_ssing trends in radiological program 
performance and needed actions. · · · 

. •, 

WHC-CM-4..;12; Section 12.1, REV 1, 11 Emergency Response. 11 .An -
emergency is :a sudden, unexpected event requiring imediate response 
to mitigate impacts to people, property, or the environment. When 
radioactive material is ·involved, Health Physics (HP) plays a major 
ro 1 e ;n eva11 uat fog, contra 11 i ng, and recovering from the event. To 
perform this function, HP personnel receive traini_ng to respond to a 
variety. of emergency situations. The HP procedures are written to 
provide guidelines to respond to emergencies. Together, the 
training and the written procedure detail the HP.Emergency Response 
Program. · 

Emergency Response •. The HP personnel are, in many situations, the 
first to respond to- a radi ol ogi cal emergt!ncy. - The abi 1 i ty to assess 
and evaluate the situation and tak.e imediate steps to minimize the · 
effects· of the event is crucial for contra 11 i rig· the emergency. The 
HP personnel must use their training and experience to mak.e good 
decisions. during the·. i nit i a 1 response to · an emergency. 

. . . 
An. emergency response -may be initiated. by person_nel observing the 
event, alarms, the Patrol Operation· Center or the Emergency Control 
Center ( s) once they are· manned. · For· a planned response, HP. 
personnel shall be in teams .of at least two•. Out of necessity 
(e.g., back.shift response), one member could be an Operations 
person, or other emergency service person such as fire or patrol. 
A ·rapid response. is required; however, no. undue risk.s. should be · 
talc.en nor shouldemployee personnel safety be co111promised. -The type 

· of emergency d_etermines t.he leveJ .of planning" for HP response~ For 
example, a continuous air monitor (CAM) alarm·or a small radioactive. 
spill .requires little p.lanriing for the. initial response. However, 
when an emergency causes a facility evacuation, preplanning (e.g., 
stay time, entry route, .etc.) and approval of the Bui 1 ding/Facility 
Emergency Di rector is necess~ry for a re-entry. · - · 

Although HP personnel"respond to_ an emergericyusing_basic 
guidelines, an area/facility may have specific procedures that have 
prior;ty over these 0 guidt:!lines. · 
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WHC-IP-0692, Sectfon 12.1.2.3, ·REV 2, 11 Effluent Exhaust CAM Alarm 
Response. 11 .This procedure establishes.the standard method of 
handling samples from, and response to alarms at, effluent exhaust 
CAM* systems. This procedure desc~ibes the steps and material 
necessary to exchange, perform field concentrati.on ca1cu1a~ions, and 
submtt suspect samples for 11 rush 11 or 11 red envelope 11 analysis when 
responding to alarms on.· effluent exhaust CAM systems. 

' . 
WHC-IP-0692, Section 12.1.6, REV 1, 0 Stack Effluent Release . 
Response. 11 This procedure establishes guidelines for.responding to 
a potential or· actual release ~f radioactive material. through 
exhaust stacks. The procedure describes the immediate actions to 

·. respond to an exhaust CAM stack alarm (i.e., CAM .monito·ring 
downstream or upstream of the final filtration)~ 

WHC-IP-0692, Procedure No. 12.2.1, REV 2, "Emergency Response Air 
Sampling. 11 This procedure establishes the instruction and. · 
guidelines for air sampling in an emergency situation·. The 
procedure describes the steps for sampling air both inside and 
outside facilities when a release of radioactive material is 
suspected. 

WHC-IP-0692, Section 12.2.3, REV 0, 11 Health Physics ,Emergency 
Response Team.II This procedure provides the organhational 
structure, responsibilities, and• steps for an initial emergency 
response for the HP Emergency Response Team (ERT) and.the HP . 
Technician (HPT) field Survey Teams. The HP ERT and the HPT Field 
Survey Teams·may·be requested to respond to an emergency when it is 

. deemed that an environmental release of radioactive i:naterial may 
extend beyond the.control of a facility or outside the boundaries of 
the Hanford Site. These teams will have monitoring responsibilities 
only outside the boundaries of the event site. 

WHC-IP..:0692, · Section 12. 2.4, · REV 2, 11 Emergency Radi_oactive 
Plume Tracking." This procedure establishes the· instructions 
to track a plume created from a radioactive material release to 
the environment. This procedure describes the steps to track 
and determine if a• radioactive beta'."'gama plume ·is at ground 
level or at an e1evate4 level~ 

Notifications- and reporting of specific events related. to 
environmental re 1 eases .and .. events i rwo 1 vi ng effl ue_nts · or . hazardous 
materials are. reported via instruction given in,WHC-CM-5-7, Tank 
Farms, Gr(Jut, and Solid wa.st'e- Management Admjnistration·Manua7, 
Section:.1.22, 11Tank Farms Occurrence Reporting and .. Processingof 
Operations ~nformation. 11

• This procedure establishes and implements 

*The CAM serves as a warning device to alert personnel to releases that 
exceed norma 1 operating parameters. · A CAM co 11 ects particulates on a fi 1 ter 
monitored continuously by a.radiation detector.-. The CAM. filter may be used as 
a back.up for the record sample.. · · · 
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. specific criteria and requirement~ for the-jdentifica
0

tion, · 
.. -categorizat-ion; notificatiori, and ·reporting of occurrences at the 

tan!( farms, --as required by WHC-Cfll-1"."3, MRP 5.14, 11 0ccurrence 
. Reporting :and Processing• of Qperational Information. 11 

· 

.· . . ~ .- . . . ~ 

4.3 The saq,le collection and analysis procedures used in measuring the emissions shall be. 
described including wher_, applicable: · · ·· 

4.3.1 ldent .. ificatio~ .of saq,l ing ~ites ·and niai.,er ~f saq,l ing points; iricl~cHng the rati_o~ale for 
· site selections. · · · · · 

The vessel vent ·stacl( is 20.3 cm (8 in.) ·in diameter. The sample . 
. probe location with.in. the vessel vent stack is located on the fourth 

floor of the : condenser room.• The closest fl ow disturbances are 
described below. 

' ' ' 

11 Downstream--the sample return 1 ine enters :the s'taclc 
approximately 61 cm (2 ft) below the probe locatio_n. This 
equates to three stack diameters. · 

•· Upstream--the elbow iri the vessel vent'-which takesthe_stack 
outside the building is.approximately·l.4 m.(56 in~J above the 
probe. This equates to:seven staclc diameters~ . 

This meets the.criteria established.in 40 CFR60, Appendix A, 
Me tho(( lA. . · . . . 

There are two nozzles on·this probe. ·This is as recommended in 
American National Standards Institute.(ANSI) Nl3.l-1969, Appendix A, 
Section A3.2 (ANSI 1~69.), for.this size stack (8 in:.)-

4.3.2 A description of saffll)li_ng. ·probes and representativeness of the saq,les; 

The sampling probe consists-of two nozzl~s,··si-zed as shown·-·on 
drawing H-2~69316 (AEC 1974)~ The velocity distribution is not 
known. However t it is known that the stack fl ow. is ·turbulent. As 
stated in ANSI Ni3.i-1969 (ANSI.·1969), Appendix A, Section A3.3.2, 
11 as the fl ow becomes .. more.· turbu1 eni, the ve 1 oci ty becomes more 
nearly uniform-. across ·the duct. II ' Based on this,. it can be shown 
that the_ sa~p'l ing probe- is isoki'nettc._--: · 

. . . . : - .• - . ' - :· - ' - - - ~ . . -
4.3.3 _A description:of any continuous monitoring systems used to measure _emissions, including the. 
sensitivity of the sy~tem, c1:1l ibr:atio_n pro_cedures and frequency of cal_ibration. · 

- - . ; - .- . ' .. ~ . ' . . ' . . . ' 

Not· applicab-1~; -emissions· are· not monitored coriti.nuously. -
._,. ·- . - ' ' - . 

4.3.4 A description of the saqJle collection systems for each radionuclide measured, including' 
frequency of collection, calibration procedures and freqµency of calibratiqn. 
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The radionuclides are collected through the probe discussed in 
Section 4.3.1 above. Gaseous radionuclides are collected with 
silver zeolit~ cartridges that are designed to collect 1291, 131 1, 
125Sb, 113Sn, 103Ru, and 106Ru O The gross filter efficiency of a 
silver zeolite is based on the particular absorbed/adsorbed 
radionuclide being evaluated and the porosity of the filter. For 
uses at the Hanford Site (i.e.,.ruthenium, iodine), the efficiency 
is 99.2. to 99.98 (taken from Table 0-2 of Air Sampling Instruments, 
American Conference of Governmental Industrial Hygienists, seventh 
edition [ACGIH 1989]). 

The silver. zeolite cartridges are exchanged as follows: 

•·When the cartridges have been in the sample·for 1 week. 

• When radiation readings indicate a buildup of greater than 
16 mrem/hour within the last 8 hours 

• When requested by o~erations management. 

Parti c.ul ate radionucl ides are collected with a record sampler. The 
record sampler uses a 47-mm Versapor* 3000 or equivalent air sample 
filter for the record sampler. This.membrane filter collects 0.3 µm 
size particles with a collection efficiency of 95.8%. 

If at all ·possible, record air samples are 1 eft running for a full 
168-h~ur (7-day) week to ensure a representative sample •. 

. . 
4.3.5 A description of .the laboratory•~nalysi~ procedures used for .each radionuclide measured, 
including frequency of analysis calibration procedures·and.frequency of calibration. 

See Appendix G. 

4.3.6 A description of the sa~le flow ~ate measurement systems or procedures, including calibration 
procedures and frequency of calibration. 

A sampler probe draws air from the vessel vent stack at a flow rate 
of• 2.8 L/sec (6 .. std ft 3 /min [scfm]). The sampler probe incorporates 
the use of two ·nozzles for sampling the stack flow (reference 

· drawing H-2-69316 [AEC 1974]). A sample transport line extends from 
the probe connection flange to the monitoring instruments located on 
shelves near the stack. The sample transport line is heat traced 
(operating at 43 °c [110 °F]) to inhibit condensation of moisture 
and resultant sample flow retardation by maintaining the temperature 
above the dew point.. The sample transport 1 ine was selected and 
installed in a manner designed to minimize- particle loss attributed 
to gravity settling, turbulent impaction, and electrostatic effects. 
The run lengths,.bend radii, and tube.transition severity of the 
sample transport line are minimized to the extent practical. The 
bend radii are at least 10 times the inside diameter of the 

*Trademark of Gelman Sciences Inc. 

D-8 



r-:-. 

WHC-EP-0536 

transport line. The sample air flows into the vessel vent radiation 
monitoring system instrumentation rack. Within the rack, the sample 
stream passes through a flow splitter and is divided into two parts. 

1. One part passes through a record sample filter. The record 
sampler collects effluent particulates on a 47-m-diameter 
filter. They are exchanged weekly and evaluated for gross 
alpha and beta activities by laboratory analysis. The record 
sampler provides an indication of the amount and concentrations 
of radioa~tive particulates being discharged. The record 
samples provide the basis for reporting the amount and 
concentration of radionuclides released to the environment. 
These reports are forwarded to all appropriate organizations 
and agencies. 

From there, the record sample loop passes through two silver 
zeolite cartridge filters. These filters collect volatile 
radionuclides. Silver zeolite filters are designed to collect 
1291, 131 I, 125Sb, 113Sn, 103Ru, and 106Ru. The cartridge filters 
are exchanged and sent to the laboratory weekly. 

Downstream of the filters the record sample loop passes in turn 
through a flow meter, a flow integrator indicator (totalizer), 
a pressure indicator, a flow regulator, and a vacuum return 
pump. The record sampling system has sample flow. rate 
indicating (local and remote) and totalizing (2.2 scfm. ± 10 %) 
capabilities. The flow rate regulator is pr~vided to maintain 
a constant flow rate through the collection filter assembly to 
compensate for filter loading effects. Audible and visible 
alarm signals indicating low sample flow(~ 1.25 ft 3/min [cfm]) 
are provided locally (bell and beacon) and remotely on the 
monitor and control system (MCS) in the 242-A control room. 
The record sample flow rate (2.2 scfm ± 5%) is sized to provide 
optimum samples for laboratory analysis. 

2. The second part of the sample stream is divided into two more 
streams by another flow splitter. 

a. One portion passes through a beta-gamma CAM equipped with 
remote (control room) and local alarms. The CAM (RM-VV-2) 
continuously monitors particulate matter buildup on a 
47-m-diameter filter paper for·the detection and 
measurement of beta and gamma radiation. The filter paper 
is collected weekly and analyzed for gross beta and gamma 
readings. · · 

b. The second portion passes through an alpha CAM, which is 
similar to the beta-gamma CAM. It is equipped with remote 
(control room) and local alarms. This CAM (RM-VV-1) 
continuously monitors for alpha radionuclide buildup on 
47-mm~diameter sample filter papers. Filter papers are 
collected .weekly and analyzed for gross alpha 
concentration. 
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The CAM loops (beta/gamma and alpha) within the 296-A-22 stack 
effluent monitoring system have flow rate indicating and 
regulating capabilities. A flow rate regulator is provided on 
each loop to maintain a constant flow rate through the 
collection filter assembly to compensate for filter loading 
effects. The CAM systems have local readout count-rate meters 
and remote recording capability in the control room (on the 
MCS). Audible and visible alarms, including high airborne 
radiation, instrument malfunction~ and low sample flow 
indications, are provided locally and on the MCS in the 242-A 
control room. In addition, high stack radiation and high stack 
alpha radiation alarms are annunciated on the computer 
automated surveillance system (CASS). An exhaust alpha monitor 
failure alarm is also tied to the CASS. An elapsed time meter 
is interlocked with the stack blower fan operation to provide a 
measure of exhaust stack. operation times. The record sample 
vacuum pump is ganged to exhaust· fan operation via a switched 
receptacle in the system cabinet. The CAM vacuum pumps operate 
continuously via the unswitched receptacle in the cabinet. 

Independent vacuum pumps are provided for each loop of the 
system. Redundant vacuum systems are not furnished, but· 
failure annunciation (low flow-rates) is provided and checked 

· periodically to demonstrate operability. 

Each loop of the sample stream, after passing through its 
particular sampler/monitor, and flow control system is pumped 

. by individual vacuum pumps through a line which discharges, back 
into the vessel vent stack.. 

The record sample holder is descrfbed as follows: 

• Large outside diameter with knurled outer ring for ease of 
opening 

• Rubber 11 0 11 ring gaskets used to seal the sample holder 

• Fine mesh screen behind the sample filter to keep the sample a 
constant distance from the inlet 

• Sample vacuum side is connected by a flexible line for ease of 
access. 

The record sample vacuum system consists of the equipment described 
below. 

• Rotameter: Reads out in std ft3/hour (SCFH) or cfm of air flow 
through the sample paper. Certified accurate to ±10% at 
2.2 scfm. Operating range: 0.0 to 3.0 scfm ± 5%. 

~ Gas meter totalizer: Industry standard gas meter. Reads out 
in cubic meters. Measures the total volume of air pulled 
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through the sample filter. Certified accurate to ±5% at 2.2 
scfm. · · 

• Flow alarm sw;tch: Trips an alarm at the loss of flow 
(at 1.25 cfm) due to vacuum pump failure and/or sample filter 
clogging. Accurate to within ±10%. 

• Vacuum line to the vacuum pump: Equipped with a standard quick: 
disconnect for connection to alternate pumps and for sample 
filter retrieval. 

• Stack fl ow switch: . Contro 1 s a II switched II power out 1 et 
providing power to the record sample vacuum pump. 
Automatically shuts down the record sample vacuum when the 
stack fans cease operation. 

• Record sample timer: Provides integrated timing of power 
supplied to the 11 switched 11 power outlet. Resettable 5-digit 
to 99999 .. Normally reset to zero when the-record sample is 
exchanged. Certified accurate to ±1%. 

Calibration and inspection of the system are accomplished using the 
following. schedule: 

Procedure Freguenci 
PROC 5.2.2.6 Weekly 
PSCP-3-002 Monthly 
PSCP-3-003 Monthly 
PSCP-4-007 6 Months 
PSCP-4-091 6 Months 
PSCP-6-029 6 Months 
PSCP-7-0016 Months 

The titles of these procedures are as follows: 

• "Gaseous Effluent Sampling and Monitoring System Operability 
Inspection, 11 Health Physics Procedure 5.2.2.6, REV 2 

• Maintenance Engineering Services Calibration Procedure, 
11 Eberline Beta Air Monitor, Models AMS-3, AMS-3A, And 700300, 11 

Calibration Procedure PSCP-3-002 

• Maintenance Engineering Services Calibration Procedure, 
11 Eberline Alpha-4, -5, and 5A, 11 Calibration Procedure 
PSCP-3-003 

• Maintenance Engineering Services Calibration Procedure, 
11 Rock.we 11 Type Gas Meter, 11 Calibration Pr_ocedure PSCP-4-007 
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•· Maintenance Engineering Services Calibration Procedure, 
"Pressure and Vacuum Gauges," Calibration Procedure PSCP-4-091 

•. Maintenance Engineering-Services Calibration.Procedure, "Chem
Tee Adjustable Flow Switch Model 500, 11 Calibration Procedure 
PSCP-6-029 . 

• : Maintenance Engineering Services Calibration Procedure, "Air 
Rotometer, 11 Ca.libratfon Procedure PSCP-7-001. 

4.3.7 A description of ~he effluent flow rate measurement procedures, including frequency of 
measurements, calibration procedures and·frequency of calibration. 

For. the vessel vent, flow measurements are accompl i.shed quarterly 
vi.a Procedure 7-GN-56. The port available for use is located on the 
fourth floor of the condenser room, 1 foot above the sampler probe. 
This location is 44 in. below the. flow disturbance presented by the 
elbow that directs the flow outside the building. In equivalent 
stack diameters·, these distances place this location. at 1.5 
downstream and 5.5 upstream. 

4.4 The objectives of the quality assurance program shall be docunented and shat l state the 
required precision, accuracy and completeness of the emission measurement data including a 
description.of the procedures used to assess these parameters. Accuracy is the degree of 
agreement of a measurement with •a true or known value. Precision is a measure of the 
agreement among indi.vidual measurements of the same parameters··under similar conditions. 
Completeness is· a measure of the amount of data obtained compared to the amount expected.under. 
normal conditions. ' 

See Appendix G. The objectives will be documented ina future 
Environmental Protection Quality Assurance Project Plan. 

4.5 A quality control program·shall ·be. established to evaluate.and track the quality of the 
·emissions.measurement data against preset criteria. The program should.include where 
applicable a system of replicates, spiked samples, split samples, blanks and control charts. 
The. nun:,er and frequency of such qua l i ty control checks sha U be identified. 

See Appendix G. 

4.6 A sample.tracking system shall be established to provide.for positive identification.of 
samples and data through all phases of the sample collection, analysis and reporting system. 
Sample handling and preservation procedures shall be established to maintain the integrity of 
samples during collection, -storage and analysis. 

Refer_- to Secti.on 6.2.3 of the mairi. part of this document •. 

4.7 PeriocHc 'internal and external audits shall be performed to monitor compl,iance with the 
quality assurance program. These audits shall be performed in accordance with written 
procedures and conducted by personnel who do not have responsibility for performing any of the 
operations being audited. 

· Refer to Sectfon 7 .o of the main part .of .this document.· 
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·· 4.8 A correct iv~ action program shall be established 1n~l~ing criteria for when corrective action 
is needed, what corrective action will. be taken and who is· responsible for taking th·e· 
corrective action. · · 

. ' 

Refer· to Sec~ion 8.0 of the main part of this document.:· 

4.9 Periodic r~ports to responsible management shall be prepared on the p~rf~rman~e of the 
emissions measurements program. These reports should include assessment of the quality of the 
data, results of audits and description_ of corrective acti~ns:: · 

Re.fer to Section 9.0 of the main part of this-- document. 

4.10 The· quality assurance program should be documented .in a quality assur_ance proJect plan which 
should address. each of the above requi"remen_t$ •. · 

. . . . . 

The quality assurance program ~ddressi.ng stack. 296-A-2i wi 11 be 
documented in a future quality:assurance project plan. 
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APPENDIX .E 

METHOD 114 COMPARISON FOR STACK 296-A-40 

1. Purpose.and Background 

This method provides the requirements·for: (1) Stack monitoring-and sample collection methods 
. appropriate for radionucl ides; (2) radiochemical methods which are used 'in determining the amounts of 

radionuclides collected by the stack saq>ling and; (3) quality assurance methods which are conducted in 
conjunction with these measurements. These methods are appropriate· for emissions for stationary sources. A· 
list of reference~· is ·provided.. · · · 

Many different types of fac.ilities release radionuclides into air •. These radionuclides differ in the 
chemical and physical forms, hatf-lives and type of.radiation emitted. The appropriate combination of sample 
extraction,· collection. and analysis for an- individual radionuclide is dependent upon 111c1ny interrelated. 
factors including the mixture .of·other radionuclides present. Because of this wide range of cor19itions, no 
single method for monitoring OI". sample collection and analysis of_ a radionuclide is applicable to al L types 
of facilities.· Therefore, a seri.es of met_hods based on "principles of measurement" are ·described for 
monitoring and sample collection and'analysis which are applicable to the measurement of radionuclides found 
in effluent streams at stationary sources. This approach provides the user with the flexibility to choose 
the most appropriate combination of monitoring and sample collection and analysis methods which are 
applicable to the effluent stream to be measured. · · 

2. Stack Monitoring and Sanple Collection Methods· 

Monitoring and saq:ile ~ol.lec:tion methods· are described based on "principles ·of monitoring and sample 
collection" which are applicable to the measurement of radior:iuclides from.effluent streams at stationary 
sources. Radionuclides of most elements wHl-be in the particulate ~orm in these.effluent.streams.and can 
be readily collected using a.·suitable filter. media. Radionuclides o~ hydrogen, oxygen,. carbon, nitrogen,· 
the noble gases and in some circumstances iodine will be in the gaseous· form~·· Radionuclides of these 
elements will require either the use-of an in-Line or off-Line monitor to directly measure.the 
radion1:1clides, or suitable sorbers,. condensers (!r bubblers to collect the radionuclides. 

2.1 Radionucl ides as Particulates~ . The extracted effiuent stream is. passed through a· filter media to 
remove the particulates •. The ,filter must have a high· efficiency for removal o_f sub-micron particles. The 
guidance in ANSI N13.1~1969 shall be _followed in usi_ng .filter media to. cotlect. particulates (incorporated. by 
reference-see § 61. 18), · 

Pl ant Documentation. 

Gelman Sciences, ·Inter-Office Memorandum to Karo·l Butcher", October 30, 
1991, RE: Versapor 3000, DOP efficiency .. 

WHC, 1991, · Health Physics Procedure Manual, WHC-IP-0692 

• 
11 0peration· of -Gaseous· Effluent.Sampling and Monitoring· Systems-, 11 

Health_Physics·Procedure No. 5.2.2.7, Rev_ 2 

Response. A 47-nin Versapor*·300(),or equiv.alent:air sample:filter -is used 
for the record sampler.•. This filter is- a membrane. filter good for 

· collecting: 0.3-µm size partkles with a· collection efficiency of 95.8% . 

2.2 Radionuc;:lides as Gases. 

Plant Documentation: 

WHC, 1991, HeaJth Physics·1'~ocedure /tt~nu~-1, WHC-IP~0692 

*Trademark of Gelman Sci.ences, Inc. , 
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"Silver Zeolite Mon;tor/Change-Out Program At 241-AP Tank 
Farm, 0 200 Area Health Physics· Procedure No. 5.2.2.4, Rev O 

Response: Silver Zeolite Cartridges are used and are designed to 
collect 1291, 131 1, .125Sb, 113Sn, 103Ru, and 106Ru. 

2.3 Definition ,of Terms 

No response.required. 

3.0 Radionuclide Analysis Methods 

The analysis methods have been evaluated by 222-S Laboratory 
cognizant personnel and are included as Appendix G. 

4.0 Quality Assurance Methods· 

Each facility required to measure their radionuclide emissions shall conduct a quality assurance 
program in conjunction with the·radionuclide emission measurements. This program shall assure that the 
emission measurements are representative, and are of known precision and accuracy and shall include 
aaninistrative controls to assure prompt response when emission measurements· indicate unexpectedly l'arge 
emissions. The program shall consist of a system of policies, organizational responsibilities, written 
procedures, data quality specifications, audits, cor.rective-actions and reports. This quality assurance 
progr.am shall include the fol lowing program

1 
elef"8nts: 

. I • 
. ' 

4.1 The organizational' structure functional responsibilities, levels of authority and lines of 
c.0111Wnications for all ac~ivities related to the emissions measurement program··shall be identified 
and docunented. · 

For the organhational structure,,refer to Section· 6.2 of the main 
part. of-this document. 

4.2 Aariinistrative controls shall be prescribed to ensure prompt response in the event that emission 
levels increase due to unplanned operations. 

WHC-CM-4-12, Section· 1.14, REV O, 11 Al arm Response· and Management. 11 

Provides guidance and sets requirements for managing the responses 
to alarms that are the responsibility of Occupational Health and 
Safety (OHS). This practice is applicable to all members of the OHS 
organization. Area OHS managers shall ensur.e that- all members of 
their organizations are aware of and adhere to this practice . 

. WHC-CM-4-12, Section 2.1, REV 0, 11 Radiologi_cal Problem Reporting 
Program. 11 The purpose of the radiological problem report program is 
to provide a documented record of observed radiological problems, a 
mechanism for reporting these problems to management for action, a 
capability to track and monitor the progress of the planned correc
tive actions, and a database for assessing trends in radiological 
program performance· and needed actions. 

WHC-CM-4-12, Section 12.1, REV 1, "Emergency Response. 11 An emer
gency is a sudden unexpected event requiri~g immediate response to 
mitigate impacts to people, property, or the environment. When 
radioactive material is involved, Health Physics (HP) plays a major 
role in evaluating, controlling, and recovering from the event. To 
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be able to perform this function, HP personnel receive training to 
respond to a variety of emergency situations. Procedures for HPs 
(WHC-CM-4-12 and WHC-IP-0692) are written to provide guidelines to 
respond to emergencies. Together, the training and the written 
procedures detail the HP emergency response program. 

Emergency Response. The HP personnel are, in many situations, the 
first to respond to a radiological emergency. The ability to assess 
and evaluate the situation and take i11VJ1ediate steps to minimize the 
effects of the event is crucial for controlling the emergency. The 
HP personnel must use their training and experience to make good 
decisions during the initial response to an emergency. · 

An emergency response may be initiated by (1) personnel observing 
the event, (2) alarms, (3) the Patrol Operation Center, or (4) the 
Emergency Control Center(s) once they are manned. For a planned 
response, HP personnel shall be in teams of at least two. Out of 
necessity (e.g., backshift response), one member could be an. 
Operations person or other emergency service person, such as a 
firefighter or patrol officer. A rapid response is required; 
however, no undue risks should be taken nor should employee safety 
be compromised. The type of emergency determines the level of 
planning for HP response. For_ example, a continuous air monitor, 
(CAM) alarm or a small radioactive spill requires little planning! 
for the initial response. However, when an emergency causes a 1 

facility evacuation, preplanning (e.g., stay time, entry route, 
etc.) and approv~ l of the Bufl ding or Faci 1 i ty Emergency Di rector is 
necessary to re-enter • 

Although HP personnel respond to an emergency using basic 
guidelines, an area or facility may have specific procedures that 
have priority over these guidelines. 

WHC-IP-0692, Section 12.1.2.1, REV 0, 11 0HP Response to Double
Shell/Aging Waste Tank Pressurization Alarm. 11 This procedure estab
lishes the method of Operational Health Physics (OHP) response to 
tank pressurization alarms on double-shell or aging waste tanks. 
This procedure describes the steps and material necessary to respond 
to, and perform investigative surveys after, tank pressurization 
alarms. 

WHC-IP-0692, Section 12.1.2.3, REV 2, "Effluent Exhaust CAM Alarm 
Response.II This procedure establishes the standard method of 
handling samples from, and response to alarms at, effluent exhaust 
CAM systems. This procedure describes the steps and material 
necessary to exchange, perform field concentration calculations,·and 
submit suspect samples for 11 rush 11 or 11 Red Envelope" analysis, when 
responding to alarms on effluent exhaust CAM systems. 

WHC-IP-0692, Section 12.1.6, REV 1, "Stacie Effluent Release 
Response. 11 This procedure establishes guidelines for. responding to 
a potential or actual release of radioactive material through 
exhaust stacks. This procedure describes the immediate actions to 
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respond to an exhaust (CAM) stack alarm (i.e., CAM monitoring 
downstream or upstream of the final filtration). 

· WHC-IP-0692, Procedure No. 12.2.1, REV 2, 11 Emergency Response Air 
Sampling.a This procedure establishes the instruction and guide
lines for air sampling in an emergency situation. This procedure 
describes the steps for air sampling both inside and· outside facili
ties when a release of radioactive material is suspected. 

WHC-IP-0692, Section· 12.2.3, REV O, 11 Health Physics Emergency 
Response Team. 11 This procedure provides the organizational 
structure of, the instructions for, and the responsibilities of the 
HP Emergency Response Team and the HP Technicians Field Survey 
Teams. This procedure describes the steps for an initial emergency 
response by the HP Emergency Response Team (ERT) and HP'Technicians 
Field Survey Teams·. The HP ERT and the HP Technicians Field Survey 
Teams may·be requested to respond to an emergency when it is deemed 

. that an environmental rele·ase of radioactiv.e material may extend 
beyond the control of .a facility or outside the boundaries of the 
Hanford Site. These teams will have monitoring responsibilities 
only outside the boundaries of the event site. 

WHC~IP-06~2, Section 12.2.4, REV 2, 11 Emergency ~adioactive 
Plume Tracking. 11 This procedure establishes the instructions 
to track a radioactive beta-gaDll'la plume created 1 from a radio
active material release to the environment and determine if it 
is at ground level or at an elevated level. 

Notifications and reporting of specific events related to environ
mental releases and/or events involving effluents and/or hazardous 
materials are reported via instruction given in WHC-CM-5-7, Tank 
Farms, Grout, and Solid Waste Management Administration Manual, 
Section 1.22, 11Tank Farms Occurrence Reporting and Processing of 
Operations Information.•• The purpose of this procedure is to 
establish and implement specific criteria and requirements for the 
identification, categorization, notification, and reporting of 
occurrences at the tank farms, as required by WHC-CM~l-3, MRP 5.14, 
11 0ccurrence Reporting and Processing of Operational Information. 11 

A descr;pt;on of the saq,le collect;on and analys;s procedures used ;n measur;ng. the em;ss;on, 
includ;ng where appL;cable: 

4.3.1 •• Ident;f;catfon of saq,l fog s;tes and nlJ!mer of saq,Ung po;nts, ;nclucHng the ratfonal for 
s;te selection. 

The 241-A-40 stack measures 25.4 cm (10 in.) in diameter. The 
sample· probe assembly is located 2.4 m (8 ft) above the fan 
discharge point into the stack and 50.8 cm (20 in.) beJow the top of 
the stack. The closest flow disturbances are approximately 
9.6 stack diameters downstream (the fan discharge point) and two 
stack diameters upstream (the top of stack). 
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There are two nozzles on this probe. This is as recomended in ANSI 
Nl3.1-1969, Appendix A, Section A3.2 (ANSI 1969), for this size 
stack, 25.4 cm (10 in.). 

4.3 .• 2 • 0 A description .of the sampling probes and representativeness of the samples. 

The sample probe consists of two inlets that point down into the 
upflowing gas. A 95-1'1111 (3/8-in.) diameter probe inlet is on the 
staclc centerline and a second 95-mm (3/8-in.) diameter probe inlet 
is 10.8 cm (41/4 in.) from the centerline. This is shown on · 
drawing H-2-91245. The inner nozzle on the probe (center of stack) 
represents approximately 70% of the stack cross-sectional area 
sampled and the outer nozzle represents approximately 30% of the 
area. It is easily shown (from Table Al, ANSI Nl3.l-1969, and from 
information on the stack flow rate) that the flow within the stack 
is highly turbulent resulting in a uniform velocity distribution 
across the cross-sectional area of the stack. As stated in ANSI 
Nl3.l-1969, Appendix A, Section A3.3.2, 11 as the flow becomes more 
turbulent, the velocity becomes more nearly uniform across the 
duct." Based on this it can be shown that the sampling probe is 
i solci net ic. 

4.3.3 -- A description of any continuous monitoring systems used to measure emissions,·including the 
sensitivity of the system, calibration procedures and frequency of calibration. 

Not applicable; emissions are not monitored continuously. 

4.3.4 ~- A description of the sample collection systems for each radionuclide measured, including 
frequency of collection, calibration. procedures and frequency of calibration •. 

The radionuclid.es are collected through the probe discussed in 
Section 4.3.1. Gaseous radionuclides are collected with silver 
zeolite cartridges, designed to collect 1291, 131 I, 125Sb, 113Sn, 103Ru, 
and 106Ru. The gross filter efficiency of a s i1 ver zeo 1 i te is based 
on the particular absorbed/adsorbed radionuclide being evaluated and 
the porosity of the filter. ·For uses at the Hanford Site (i.e., 
ruthenium, iodine), the efficiency is 99.2 to 99.98 (taken from 
Table 0-2 of Air Sampling Instruments, ACGIH, 1989, 7th edition). 

The silver zeolite cartridges are exchanged as follows: 

• When the cartridges have been· in the sample for 1 week 

• When radiation readings indicate a buildup of greater than 
16 mrem/hour within the last 8 hours 

• When requested by operations management. 
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Particulate radionuclides are collected with a record sampler. The 
record sampler uses a 47-mm Versapor 3000* or equivalent air sample 
filter. This filter is a membrane filter good for collecting 0.3 pm 
size particles with a collection efficiency of 95.8%. 

If at all possible, record air samples are left running for a 
full 168 hours (7 days) to ensure a representative sample. 

4.3.s· -- A description of the Laboratory analysis procedures used for each radionuclide measured, 
including frequency of analysis, calibration procedures and frequency of calibration. 

Methods used for analysis of radionuclid~s must be based on 
pr;nciples of measurements described in 40 CFR 61, Appendix B, 
Method 114. Use of methods based on principles-of measurement other 
than those described in Method 114, Section 3, must be approved 
before use by the U.S. Environmental Protection Agency 
Administrator. 

Refer to the main part of this document for laboratory implementing 
procedures. 

4.3.6 -- A description of the sa~Le flow rate measurement systems or procedures, including 
calibration procedures and frequency of·· calibration. 

A representative airborne sample is extracted from the exhaust stack 
(296=A=40) via two separate sampling probes (each samplin·g probe is 
identical; see Section 4.3.2) and sample lines. The sample trans
port··, i nes are 1. 9-cm (3/4-i n.) outside diameter (OD) stainless 
steel tubing approximately 4.3-m (14-ft) long. These lines are heat 
treated and kept at a nominal temperature of 43.3 °C (110 °F). This 
is assumed to be above dewpoint (i.e., .the temperature at which 
condensation of water vapor in air takes place). 

One line directs the sample through a record sampler and two silver 
zeolite cartridges. The record sampler and silver zeolite 
cartridges operate at 62.3 L/min (2.2 ft3/min). The record sampler 
collects particulates on a 47-mm filter. This filter is exchanged 
weekly and analyzed by the 222-S Laboratory for the presence and 
quantity of alpha and beta radiation and is isotopically analyzed 
quarterly to quantify the amount of specific radionuclides. The 
results become t~e record of stack emissions. The record sampler 
flow (2.2 std ft /min ±5%) is indicated on a gauge and the flow is 
totalized (2.2 std ft3/min ±10%). A timer records the duration of 
the sample inte.rval. The flow, total flow, and time are indicated 
on local instruments. A low record sample gas flow rate activates a 
local alarm. 

The record sample gas train for tank exhausts includes two silver 
zeo1ite cartridges in series that measure the 106Ru and 1291 released 
during the period of record. The normal procedure is to exchange 
the silver cartridges weekly or when radiation readings rise at a 

*Trademark of Gelman Sciences Inc. 
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' rate of greater ·th~n i&_: mrem/hour -~with;n the,·"rast a: hours~ The -
_ ·-.. ·sample is replaced with. a new ·cartridge, and the spent cartridge·. is 
· . , - packaged and · transported -to. the 222-S · Laboratory~ - The- second . · 

cartridge is ·also checked.at this time. This silver' zeolite 
. . _ c~rtri dge is removed from th.e holder and· the radiation is measured 
· · with a hand-held instrument~ i If ·the radiation reading is ·1ow, the · 

sample cartridge is reinsta 11 ed ~ · A system leak check is required 
duringchangeout of the silver zeollte cartridge •. The air flow 
through the record sample head is blocked and the sample line,rota.,;, 
meter ct)ecked for ·any indication of flow. · 

The .seconcj' 1 i ne directs the sample through if beta continuous air 
· mon;tor (CAM)*. -This independent sample extrac~ion probe contin

uously _withdraws· a sample from the tank farni stack exhaust at a rate 
of·2.0_std ft3/min (56.6l/min) ±10%. RadiQactive effluent_particu
lates a·re collected on ·a -filter and the· radioactivity measured by ·an 
Eberline** Model AMS-3 beta-gamma monitor with a count rate meter 
output accuracy·of:±1%. - The instrument has a range ·of, 10 to· _ 
100,000 cpm on a four-decade' sea le~ . .The strip ·chart recorder in. the · 
enclosure has been replaced with an ammeter and the strip chart is . · 
remotely located in .a controJ. room or' in~trument buil~ing. 

· Inde.pend~rit vacuum- pumps are provi.ded for each ·1 oop of the system. 
Redundant· vacuum systems ·are• not· furnished-, · but fa i 1 ure anriunci at ion·· 
(low flow rates) is provided:·and checked· periodically to demonstrate 
operabi 1 Uy. · · · · · 

-The record sampl~ hol_der is, described as f~l:lows: 

- " _ Large outside diameter. with knurled outer ring .for ease of 
opening · · · 

• Rubber ''Q~ ri.ng gaskets _used .to seal. the. sample holder 

• Fine-mesh screen behind·the sample filter to. keep the sample a 
constant distance from the. inlet · 

• Samp 1 e vacuum side: is C!)nriected by a fl exi b 1 e 1 foe for ease of 
access. 

. The recor.d sample vacuum system· conststs of,.the eqiji:pment _described 
· below. . · · · · 

• Rotameter. (Fl};. -Rea_ds' out 'in std: ft3/min '(SCFH) ~r ft3/min . 
·. (CFM) of- air flow through the sample paper. Certified accurate 

. to ±10~, 9 2. 2 SCFM. Operating range: O·. o io 3. o .SCFM ± 5%. 

- *Jhe CAMs serve-as warning devi'ces t'o.:al:ert ·personnel to releases that 
. excee.d normal :operating parameters. · The CAMs· coll e,et particulates on a fi 1 ter 
monitored ·continu_ously by a radiation detector. The CAM filter may be used as 
a backup for the record sample.· . . .. . _ · · · · 

**Trademark of.E~erline Instrument.Corporation. 
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• Gas meter totalizer (FIQ):. Industry standard gas meter. Reads 
out in cubic meters. Measuf'.es the total .volume of air pulled 
through the sampl.e filter. Certified accurate to ±5% @ 2.2 
~~- ' ' 

• Flow alarm switfh (FAS): Trips an alarm at the loss of flow 
(@ 1.25 CFM [ft /min]) due to vacuum pump fai.lure and/or sample 

. filter clogging. Accurate to within ±10%. · 

• Vacuum line to the vacuum pump: Equipped with a standard quick 
disconnect for connection to alternate pumps and for sample 
fi 1 ter retrieval • . 

• .Stack flow switch: .Controls a 11 switched 11 power outlet 
providing power to the record ·sample vacuum pump. 
Automatically shuts down the record sample vacuum when the·· 
stack fans cease op.eration. · 

• Record sample timer: Provides .integrated timing of power 
supplied to the 11 switched 11 power outlet. Resettable 5-digit to 
99999. Norma 11 y reset to zero when the record samp.l e is 
exchanged. Certified accurate to ±1%. 

Calibration and.inspection of the system are accomplished as 
follows:· · · 

Procedure Freguenci 
PROC 5.2.2.6. . Weekly 
PSCP-3-002 · Monthly· 
·pscP-3-003 . Monthly 
PSCP-4-007 · 6 Months 
PSCP-4-091 6 Months 
PSCP-6-029 6 Months 

PSCP-7-001 6•Months 

The titles of these procedures are as follows: 

• ."Gaseous Effluent Sampling and Monitoring System Operability 
Inspection, 11 Health Physics Procedure 5.2 .. 2.6, REV 2 

• Maintenance Engineering Services cal i brat ion Procedure, · 
. 

11 Eber 1 i ne Beta Ai r Monitor$ Model s AMS~3 , AMS-3A, · And 700300, 11 

· Calibration Procedure PSCP-3-002 

• Maintenance Engineering.Services Calibration Procedurell 
11 Eberline Alpha-4, -5, and 5A 51

11 Calibration Procedure 
PSCP-3..:003 

E-10 
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fl Maintenance· Engineering Servkes Cali brat ion Procedure, 
n Roclcwe 11 Type Gas Meter, 11 Can brat ion Procedure PSCP-4;..,007 

fl Maintenance Engineering .services Calibration Procedure~ 
"Pressure and VacuumGauges, 11 Calibration Pro.cedure PSCP-4-091 

fl Maintenance Engineering Services Calibration Procedure, "Chem~· 
Tee Adjustable Flow Switch Model 500,." Calibration Procedure 
PSCP-6-029 

fl . Maintenance Ehgi.neeri'ng. Services. Cali brat ion·_ Procedure, 11 Ai r 
Rotometer,.". Cali brat ion Procedure PSCP-7-001. · 

4.3._7 A description-.of effluent flow r!3te measurement procedur_es, including frequency of 
· measur_ements, calibration. procedures and frequency of calibration. 

For the 241-AP Tank Farm primary exhaust stack, flow measure
ments are accomplished via Procedure 7-GN-56 on a quarterly 
basis. The.location chosen for velocjty measurements is at the 
.top of the stack, which is nearly 3.0 m (10 ft) above the fan 
discharge into the stack. ,This is two stack: diameters down
stream from the nearest flow disturbance (the sample probe) and 
zero stack di.ameters upstream from the neare·st fl ow disturbance 
(top·of stack). 

4.4 The objectives of the quality assurance program shall be documented -and shall state the required 
o•·, precision, accuracy, and completeness of the emission measurement data including a description of the 

procedures used to assess these-parameters. · · 

The objectives will be documented in a future Environmental Protec
tion Quality Assurance Project Plan. 

4.5 The quality control program shall evaluate and. track the quality of the emission measurement data 
against ·preset criteria. The-program should include, where applicable, a system of replicates; 
spiked samples; split samples; blanks; and control charts. The nunber and frequency of such quality 
control checks she l l be i den ti fi ed. · 

The quality_control program will be documented in a future Environ
mental Protection Quality Assurance Project ~1an. 

4.6 A sa~tetracking systeni shall be established to provide for positive identification of samples and 
data through all phases of th·e sampling col_lection, analysis;. and reporting system. Sample· handling 
and preservation procedures shall be established to maintain integrity of·the samples during. 
collection, storage,.and analysis. . . 

. '. . 

· ·. Refer to ·section 6.2.3 of the main part .of this document. 

4. 7 Periodic internal and external audits shall be performed to monftor compliance with ·the quality 
assurance program.· These audits shall be performed in accordance with. written procedures and 
conducted by personnel who do not have responsibility for performing any of -the operations being 
audited. . .. · . . · . . . · . . 

Refer to Section 7.0 of the main part of this document. 
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4.8 A corrective action program shall be established including criteria for when corrective actions will 
be taken and who is responsible for taking the corrective action. 

Refer to Section 8.0 of the main part of this document. 

4.9 Periodic reports to responsible management shall be prepared on the performance of the emission 
measurements program. These reports should include assessment of the quality of the data, results of 
audits, and description of corrective actions. 

Refer to Section 9.0 of the main part of this document. 
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:, APPEND~X F 

METHOo·.114·,coMPARISON FOR STACK 340:.:NT-EX 

METHOO 114-TEST,METHOOS FOR MEASURING 
.RADIONUCLiDE _EMiSSIONS ,fROM STATIONARY SOURCES 

•,.' .. · . 

. 1 •. Purpose .and Background. 

This method 'provides .the requirement~ for: (1), S_tack, monitoring and saq,le collection.methods appropriate 
. for radionuclides;'C2) radiochemical nie_thods ·which-are used-in.determining the amounts of radionuclides 

collected. by the stack· saq,l irig and; .. (3) quality assurance methods which· are condu_cted. in conju,:icti on with 
these· measurements •. • These methods are .. appropriate Cfor emissions. for stationary. sources.. .A .List of· 
refer~nce~: is. provided~ · · :- · .· . · · _· ·. . :. ·· . _· · 

. ,Many different types, of facilities ·rel,ease·radionuclides into ai.r. These radionuclides .differ in the 
chemical and physical-forms, half·l.ives and.type of radiation.emjtted. The appropriate combination of sample 
extraction;· collection and analysis for an individual. radionuclide is dependent .upon many interrelated 
factors including• the mixt~re of· other radioriuclides present. Because of this wide range-of conditions,·no 
single method for monitoring or saq,le·collection and,analysis of a radionuclide is applicable to all types 
of facH ities. Therefore, a. series of methods based· onllprinciples of measurement" are described f_or -. · 
monitoring and saq;le collection .and analysis which are applicable to the measurement of radionuclides found 
in effluent· streams at stationary ·sources. This approach provides the user ·with the ftexibil ity to choose 
t~e most appropriate contiination of ,monitoring and saq,le collection and. analysis methods which are · 
applicable· to the effluent stream to be measur.ed. · 

2. · ·stack ·Moni1:oring · and Sanple Collection Methods. 

' Moriitoring and saq,le-;ollection methods are described based.on "princ-iple~ of.:monitoring arid sample 
coltect,ion" which are applicable.to-the measurement of radionuclides from effluent streams·atstationary .. 
sources. Radionucl ides of most elements will .be in the particulate form in these effluent streams and can 
be readily collected using .a suitable filter' media •. ~adiom.icrides· of ,hydroge,:i, oxygen,· carbon, nitrogen,. 
the noble gases and in .some circumstances iodine_ will · . . :. : . 
be in the gaseous form •. Radionuclides of these elements will .require either the use of an .jn·line-or 
off·l ine monitor' to- directly measure th~ radionuclides, or suitable'sorcers, condensers or bucblers to· 

· collect. the radi,onucl ides~ · · · 

2.1 Radionuclides ~s Particulates. Th~ extr~cted effluent stream is passed through a fitter media 
to remove the.particulates. The filter·must have .a·high efficiency for removal of sub-micron 
particles. The guidance in ANSI N13.1-1969. shall be·.followed in using filter media to collect 
par~ic_ulates (incorporated by,_referen~e-see §. 61'.18). ._.· ... _· · . .- , . _ . _ .. 

The facil i tY. uses WHC-IP-0692, Hea 7th Physics Procedures· Manua 1; 
Section 5~2~3·.1-,. 11 Afr Sample Exchange,11 for direction·in choosing 

· .fi.l ter medi.a ·{WHC i99la). This procedure requires· use of a 3-µm· 
·. particle rated LB52ll or equivalent fiberglass'filter. The 340 · 

Facility currently uses: Gelman Sciences~ Inc., 3 µm Versapor 3000* 
s hEf 47 "."mm fi lters. Although 1 i sted as 3 µIii' _fil t·ers, in a 1 etter 
provided by Gelman Sciences, these filters have shown a 95% 
efficienctrating for patticlesof size 0.3µm usingASTM D 2986-
71' Met.hoci :C~elinan · Sciences}~ · 

2.2. RadionuclJ~~s: as,Gas~S- · 

·SampJ'es are ix:changed we.elcl y · as. required bY Hea 1th -Physics 
.. Scheduled Radiation. Survey:·Taslc Description for Building 340, Task 

.No. J~W005, Survey No/ 91.1562 {WHC 1991b). Procedure 5.2.3.1, 
• 

11 Afr Sample Exchange," found in .WHC-IP-0692, Health Physics 
Procedures. Manual, provides the det.ailed instruction of how to 

· accornpli sh a changeout {WHC 1991a). This procedure discusses the 

· ·_ ··:itT.~ademark -'of Gelman Sc.fences, Inc. 
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use of charcoal cartridges used at the 340 Facility to sample 
radioactive iodine. 

2.2.1 The Radionuclide Tritiun CH-3). Tritiun in the form of water vapor is collected from the· 
extracted effluent saq,le by sorption, condensation or dissolution techniques. Appropriate 
collectors may include silica gel, molecular sieves, and ethylene glycol or water bubblers. 

Tritiun in the gaseous form may be measured directly in the saq,le stream using Method B·.1, 
collected as a gas saq,le or may be oxidized using a metal catalyst to tritiated water and collected 
as described above. 

Vault storage tanks get their radioactivi.ty· fr.om the waste sent to 
the facility by Pacific Northwest Laboratory {PNL). Work in the 
laboratories is not routine, instead va:rying·with each project. 
Constituent type and volume received at the 340 Facility also 
varies with each project. Recently, PNL has been working with 
tritium. To date, the 340 Facility has not evaluated the need to· 
implement monitoring of tritium in the stack effluent. 

2.2.2 Radionuclides of iodine. Iodine is collected from an extracted saq,le by·sorption or . 
dissolution techniques. Appropriate collectors may include charcoal, iq,regnated char.coal,. nietal 
zeolite and caustic solutions. · 

Vault storage tanks get their radioactivity from the waste sent to 
the facility by PNL. Work in the laboratories is not routine, 
.instead varying with each project. Constituent type and volume 
receiv.ed at the 340 Facility also varies with each project. In 
the past, PNL worked.with large quantities of radioactive iodine~ 
A 1 though this is no 1 onger the case, the 340 Facility continues to · 

. monitor for radioactive iodine using HI-Q Environmental Products, 
TEDA-Impregnated Carbon Cartridge for· Adsorption of Radioactive; 
Iodine. · 

2.2.3 Radionuclides of Argon, Krypton and Xenon. Radionuclides of these elements are either 
measured directly.by an in-line or off-line monitor, or are collected from the extracted saq,le by 
lo., ten1)E!rature sorption techniques, Appropr·iate sorbers may include charcoal or metal zeolite. 

Vault storage.tanks get their radioactivity from the waste sent to 
the.facility by PNL. Work in the laboratories is not routine, 

· instead varying with each project. Constituent type and volume 
received at the 340 Facility also varies with each project. 
Currently, PNL does not use radioactive argon, krypton, or xenon 
in any projects . 

2.2.4 Radionucl ides. of Oxygen, Carbon, Nitrogen and Radon. Radionucl ides of, these elements are 
measured directly using an in-line or off-line monitor.· Radionuclides of carbon. in the form of 
carbon dioxide may be collected by dissolution in caustic solutions. 

Vault storage tanks get thefrradioactivity from the waste sent to· 
the facility by PNL. Work in the laboratories is not routine, 
instead varying with.each project. Constituent type and volume 
received at the 340 Facility also varies with each project. 
Currently, PNL does no~ use radioactive oxygen, nitrogen, or radon 
in any projects. 

2.3 Definition of Terms · · 

In-line monitor means a continuous measurement system in·which the detector is placed directly in or 
adjacent·to the effluent stream. This may•,involve either·gross radioactivity measurements or specific 
radionuclide measurements. Gross measurements shall be made in conformance with. the conditions .. speciffed in 
Methods f!.·4,.B·2·and G-4. . . . . . · 
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0ff· line monitor means a measurement system' in whi:ch the detector: is used: t~•~ontinuously measure an 
extracted sample of _the effluent stream. This may involve either gross .radioactivity !Jleasurements or 
specific radionuclide me"surements. ·Gross measurements shall be made in conformance with .the conditions 
specified in Methods A-4,• B-2 and G-4~ . ,, , 

. . - . 
. Sanple collection means a procedure in which the radionuclides a_re. r~ved from an extr~cted sa~le 

of the effluent using a collection media. These collection media include filters, absorbers,.bubblers and · 
c:ondens_ers. • The:collected safl1)le is analyzed using tf:le methods describecl in Secti.on 3. 

3. Radionuclide· Analysis Methods 

A ser-ies.of methods based on "principles of measurement" are described which are applicable to the 
analysis of radionuclides collected from airborne effluent streams at stationary sources. These methods ·are 
applicable only under the conditions_ stated and within the limitations described. Some methods specify that 
only a single radionuclide be present in the safl1)le·or the chemically'separated safl1)le. This condition 
should.be interpreted to mean that no other·radionuclides are present- in quantities which would. interfere 
with the measurement. ·,. 

· Also identified (Table 1) are methods'f~r a.selected list of radionuclides •. The listed. radionuclides · 
are those which are most commonly used and whi.ch have:the greatest potential for causing dose to _members of 
the public. Use of methods based on principles of measurement other than those described in this section 
must be approved in advance of ·use by .the Administrator. For radionuclides not· Listed in Table. 1, any of 
the described methods may be used provided tf:le user can demonstrate that the applicability conditions.of th~ 
method have been met. ' · 

The type of method applicable to,the analysis of a radionuclide is·dependent upon the type of 
radiation. emitted, i.e., alpha, beta or gamma. Therefore, the methods described below are grouped: 
according to.principles of mea·suretnents for _the analysis of alpha, beta: and-gamma emitting radionucl ides. 

3.1 Methods for Alpha Emitting Radionuclides_ 

3.1.1. Method A-1, Radiocliemistry-°Alpha Spectrometry. 

Principle: The,·eleinent of int~rest is separated from other elements, and from the safl1)le matrix 
using radiochemical techniques. The procedure may ·involve precipitation, ,·iori exchange,. or solvent· 
extraction.· Carriers (elements chemically similar to the element of interest),may be used. The element is 
deposited on a planchet in a very thin, film by electrodeposition or by coprecipitation on a very small. 
amount of carrier, such as. lanthanum fluoride •. The deposited element is then counted. with ar:i alpha 
spectrometer. The activity of. tl:le nuclide of interest is measured by the nurtier of alpha counts in the 
appropriate energy region •. A correction for·. chemical· yield and. counting. efficiency is.made usi.ng a 
standardized radioactive nuclide (tracer) of the same element. If a radioactive tracer. is not available for 
the element of interest, a: predete_rmined·chemic~l yield factor may be used •. 

Applicability: This method is applicable for dete~minin'g t~~ activity.of ~ny alpha-emitting 
radionuclide, regardless of what other radionucl ides are present in. the safl1)le provided th_e chemical 
separation step produces a very thin safl1)le and removes all other radionuclides which could interfere.in the 
spectral region of interest. APHA-605(2); ASTM·0-3972(13). · 

. . 

3.1.2 Method A-2; Radiochemistry-Alpha Counting. 

Princi.ple: The eL"ement ·of interest is sepa~ated. from other elements, and from the safl1)le matrix 
using radiochemi.stry. The procedure may involve precipitation, ion exchange, or· solvent extraction. 
Carriers (elements chemically similar to the element .of interest) may be used~ The element is deposited on a 
planchet in a thin film and counted with a _alpha counter; A correction for chemical yield (if necessary) is 
made.·. The alpha count rate measures-the ~otal activity .of all emitting radionuclides of the separated 
element. · · · 

Applicability: Thfs'method is ~pplicable for the measurement. of any-alpha-emitting radionuclide, 
provided no other alpha-emitting radionuclide ispresent,inthe.separatedsafl1)_le. It may also be applicable 
for determining C0fl1)liance, when other radionuclidesof .the separated element are·present, provided that the 
calculated emission.rate is assigned to·the radionuclide which could be present in the· safl1)le that has the 
highest dose conversion factor. ID0-12096(18):· · 

3.1.3' MethodA-3, Dire~t Alpha Spectr'~try. 

Principle: The sample, coUected ·on a .suitable filter,. is counted directly, on an alpha 
spectrometer. The safl1)le ·mus.t be thin enough and col_lected on the surface .of the filter so that any 
absorption of. alpha particle energy in the safl1)le .. or. the filter; which would degrade the spectrum, is· 
minimal. · · · · 

Applicability: This .method is applicable to siq,le mixtures of alpha einitting-radionlicl ides and 
only when the amount of particulates collected on the filter paper are relatively smal.l and the alphEI · 
spectra is adequately resolved. Resol\Jtions should. be 50 keV .(FWHM) or better, ASTM,-D-3084(16). 
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3.1.4 Method A-4, D;rect Alpha Count;ng (Gross alpha determ;natfon). 

Pr;nc;ple: The saq>le, collected on a su;table f;lter, is counted w;th an alpha counter. The 
sa8')le must be thin enough so that self-absorpt;on- is not significant and the filter must be of such a 
nature that the particles are.reta;ned on the surface. · 

Applicability:· Gross alpha·determination may be used to measure emissions of specific radionuclides 
only (1) when it is known that· the sa8')le eonta;ns only a single radionuclide, or the identity and isotopic 
ratio of the radionuclides in the sa8')le are well known, and (2) measurements using either Method A-1, A-2 
or A-5 have ·shown that this method provides a reasonably accurate measurement of the emission rate. Gross 
alpha measurements are applicable to unidentified mixtures of radionuelides only for the purposes and under 
the conditions described in section 3.7. APHA-601(3), ASTM-D-1943(10). 

3.1.5 Method A-5, Chemical _Determination of Uranium. 

Uranium: Uranium may be measured ·chemically by either colorfoietry or fluorometry. In both 
procedures, the saiq,le is dissolved, the uranium is oxidized to the hexavalent form and extracted into a 
suitable solvent. Impurities are removed from the solvent layer. For colorimetry, dibenzoylmethane is added, 
and the uranium is measured by the absorbance in a colorimeter. For fluorometry, a portion of the solution 
is fused with a sodium ftuoride-.lithium fluoride flux and the uranium is determined by the ultraviolet 
activated fluorescence of the fused disk in a fluorometer. 

Applicability: This method is applicable to the measurements of· emission rates of uranium when the 
isotopic ratio of the uranium radionuclides is well known. ASTM-E318(15), ASTM-D-2907(14). 

3.1.6 Method A-6, Radon-222-Continuous Gas Monitor. 

Principle: Radon-222 is measured directly in a continuously extracted saq,le stream by passing the 
air stream through a calibrated ·scintillation cell. Prior to the scintillation cell, the air stream· is 
treated to remove particulates and excess moisture. The alpha particles from radon-222 and its decay 
products strike a zinc sulfide coating on the inside of the scintillation cell producing light pulses. -The 
light pulses are deteeted by a photomultiplier tube which generates electrical pulses. These pulses are 
processed .. by the system electronics and the read out is in pCi/l of radon-222. 

Applicab;lity: This method is applicable to the measurement of radon-222 in effluent streams which 
do not contain significant quantities of radon-220. Users of this method should calibrate the monitor in a 
radon calibration chamber at least twice-per year. The background of the monitor should also be checked 
periodically _by operating the instrument fr1 a Low radon environment. EPA 520/1-89-009(24). 

3.1.7 Method A-7, Radon-222-Alpha Track Detectors 

Principle: Radon-222. is· measured directly in the effluent stream using alpha track detectors (ATD). 
The alpha particles emitted by radon-222 a,:id its decay products strike a small plastic strip and produce 
submicron damage tracks. The plastic strip is placed in a caustic solution that accentuates the damage 
tracks which are counted using a microscope or automatic counting system. The number of tracks per unit 
area is-corrected to the radon concentration in air using. a conversion factor derived from data generated in 
a radon calibration facility. 

Applicability: Prior approval from EPA is required for use of this method. This method is only 
applicable to effluent streams which do not contain significant quantities of radon-220, unless special 
detectors are used to discriminate against radon 220. This method may be used only when ATDs have.been 
demonstrated to produce data C08')arable to data obtained with Method A-6. Such data should be submitted to 
EPA when requesting approval for the use of this method. EPA.520/f-89-009(24). 

3.2 Methods for Gaseous Beta Emitting Rad_ionucl ides. 

3.2.1· Method B-1, Direct· Counting in Flow-Through Ionization Chambers. 

Principle: An ionization chamber containing a specific volume of gas·which flows at a given flow 
rate.through the chamber is used. The S88')le (effluent stream sa8')le) acts as the counting gas for'the 
chamber~ The activity of the radionuc_lide is determined from the current measured. in the ionization 
chamber. 

Applicability: This method is applicable for measuring the activity of a gaseous-beta emitting 
radionuclide in an effluent stream that is suitable as a counting gas, when no other beta-emitting nuclides 
are present. DOE/EP-0096(1 7), NCRP-58(23). 

3.2.2 Method B-2, Direct Counting With In-line or Off-line Beta Detectors. 

Principle: The beta detector is placed directly in the effluent stream (in-Line) or an extracted 
sa8')Le of the effluent stream is passed through a chamber containing a beta detector (off-Line). The 
activities of the radionuclides present in the effluent stream are determined from the beta count rate, and 
a knowledge of the radionuclides present and the relationship of the gross beta count rate and the specific 
r~dionuclide concentration. · 

Applicabflity: This method is applicable ohly to radionuclides ·with maximum beta particle energies 
greater then 0.2 MeV. This method may be ~sed to measure emissions of specific radionuclides only when it is 
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. . 
known that the ·sample contains.only a single radionuclide· or the·identtty and isotopic ratio of the ·. 
radionuclides in the-effluent-stream are well known. Spec.ific radionuclide analysis of periodic grab samples 
may be used to identify the types and quantities of radionuclideis present and to establish.the relationship 
between specific radjonucl ide analyses and gross beta count· _rates. · 

This method is applicable to unidentified mixtures of gaseous radionuclides only for the purposes. 
and under the-conditions described in section 3.7. · 

·3.3 Methods for Non~Gaseous Beta Emitting Radionuclides. 

3.3.1 'Method B-3, Radiochemistry-Beta Counting. 

Principle: The element of interest is separated from other·· elements, ·and from_ the sample matrix by 
radiochemistry. This may irivolve precipitation, distillation, ion exchange,.-or solvent extraction. Carriers 
(elements chemically similar· to the element of interest) may be used. The element is deposited on a · 
planchet, and counted with a beta counter. Corrections for chemical yield and decay Cif necessary) .are made •. 
The beta.count ·rate determines the total activity of all radionuclides of-.the separated element. This method 
may also involve the radiochemical separation and counting·of a-daughter element, after a suitable period of 
ingrowth, in whkh case. it. is. specific for- the parent nuclide. · 

•. 
Applicabil itv: This method is applicable for measuring the activ,ity of any beta-emitting 

radionuclide, with a maximum energy greater than 0.2 MeV, provided no other radionuclide-is present in the 
separated sample. APHA-608(5). . . . . 

. 3.3.2 Method B~4,.Direct Beta Counting (Gross. beta detetminatio~). 

Principle: The sample·, collected ·on a suitable filter, is counted with a beta counter. The sample 
must be thin enough so that self-absorption corrections can be:made. 

' . 
Applicability: Gross beta measurements. are applicable only to radionuclides with maximun beta 

particle energies greater than 0.2 MeV; Gross beta measurements may be used to measure emissions of specific 
radionucl ides orily (1)· when it is· known that. the sample· contains only a -single radionuclide,. and (2) · 
measurements made using Method B-3 show reasonable agreement-with the gross beta measurement; Gross beta 
measurements are applicable to·. mixtures: of radionucl ides only for the purposes· and under the :conditions 
described in section 3.7. APHA-602(4), ASTM-D-1890(1f). · 

3.3.3 M~thod B-5, Liquid Scintil Lat ion Sp_ectrometry. 

Principle: An aliquot.of a c~Llected sample or·theres~Lt -~f some other chemical separation or 
processing techn_ique is added to a.Liquid scinti L Lat ion 11cocktai L11 -·which is viewed by photomultiplier tubes 
in a Liquid scintillation spectrometer. The spectrometer is adjusted to establish a channel or "window" for 
the pulse energy appropriate t.o the nuclide: of interest~ The activity of the nuclide of interest is measured 
by the counting. rate in the appropriate energy channel. Corrections are made.for chemical yield where 
separations are made. · · · · · · · 

Appl icabil itv: This method is applicable to any beta-emitting nuclide when no o'ther radionuclide is 
present in the sample or the separated sample provided that it can be incorporated in the scintillation 
cocktail. This method is also.applicable for samples which contain more than one radionuclide but only when 
the energies of the beta particles are sufficiently separated so that they can be resolv~ by the 
spectrometer. This method i.s IIIQSt applicable to the measurement of_ Low-energy beta emitters such as tritium 
and carbon-14: APHA.609(6), EML . 
LV-539-17(19) •. 

·3.4 Gamma Emitting Radionuclides · 

3.4.1 Method'G-1 •. High Resolution Gallll18 Spectrometry. 

Principle: The sampl~·is counted with a high-resolution gamma d~t~ctor, usually either a Ge(Li) or a 
high purity Ge detector, connected to a lil.lltichannet analyzer or computer. The gamma.emitting radionuclides 
in the sample are measured from the gamma count. rat.es· in the energy regions character,istic of the individual 

. radionuclide. Corrections are made for counts ·contributed by other radionucl ides to the spectral regions of 
the radionuclides of interest. Radiochemical. separations-may.be. made prior to .coun~ing but are usually not 
necessary. -

' . ',' . 
Appl icabil itv: This method is appl'icable to the _measurement of any g_amma emitting r,adionucl ide with· 

gamma energies greater than 20 keV. It c11n be.applied to coq,Lex _mixtures of radionuclides; The saq>les 
counted may. be in the form of particulate filters; absorbers, Liquids or gases. The method may also be 
applied to the analysis of gaseous gamma emitting radionuclides directly in an effluent stream by passing 
the stream through a.chamber or cell containing the,detector. ASTM-3649(9),.-I~0~12096C 18). 

·3.4.2 Method G-2, Low Resolution Ganina Spectrometry •. -
. . 

Principle: The sample is counted with a Low resolution gamma detector, a tha.Lliun ·activated sodh.in 
· iodide crystal. The detector is c·oupled· to a photomultiplier tube and connected t,o a mult.i_channel analyzer. 
The gamma emitting-radionucli~es in the sample are measured. from the gamma _count _rates in the energy regions 

F..:.1 : 



C 

WHC-EP-0536 

characteristic of the individual radionuclides. Corrections are made for counts contributed by other radio
nuclides to the spectral regions of the radionuclides of interest. Radiochemical separation may be used 
prior to counting to obtain less coq,lex· ganma spectra if needed.·· 

Appl i cabi L; ty: This method is applicable to the measurement of ganma emitting radi onuc l ides with 
energies greater than 100 keV. It can be applied only to relatively simple mixtures of gamma emitting 
radionuclides. The samples counted may be in the form of particulate filters, absorbers, liquids or gas. The 
method can be applied to the analysis of gaseous radionuclides directly in an effluent stream by passing the 
gas stream through a chamber or cell containing the detector. ASTM-0-2459(12), EMSL-LV-0539-17(19). 

3.4.3 Method G-3, Single Channel Gamma Spectrometry. 

Principle: The sample is counted wHh a thalliun activated.sodiun iodide crystal. The detector is 
c_oupled to a photonultiplier tube connected to a single channel analyzer. The activity of a gamma emitting 
radionuclide is determined from the ganma counts in the energy range for which the counter is set. 

Applicability: This method is applicable to the measurement of a single gamma emitting radionuclide. 
It is not applicable to mixtures of radionuc_lides. The samples counted may be in the form of particulate 
filters, absorbers, liquids or gas. The method can be applied to the analysis of gaseous radionuclides : 
directly in an effluent stream by passing the gas stream through a chamber or cell containing the detector. 

3.4.4 Method G-4, Gross Gamma Counting. 

Principle: The sample is counted with a gamma detector usually a thalliun activated sodiun iodine 
crystal. The detector is. coupled to a photonultiplier tube and garrma rays above a specific threshold energy 
level are counted. · 

Applicability: Gross gamma measurements may be used to measure emissions of specific radionuclides 
only when it is known that the sample contains a single radionuclide or the identity and isotopic ratio of 
the radionuclides in the effluent stream are well known. When gross ganma measurements are used to 
determine emissions_ of specific radionuclides periodic measurements using Methods G-1 or G-2 should be made 
to demonstrate that the gross gamma measurements provide reliable 8"1ission data. This method may be applied 
to analysis .of gaseous radionuclides directly in an effluent stream by placing the detector .directly. in or 
adjacent to the effluent stream or passing an extracted sample of the effluent stream through a chamber or 
cell containing the detector. 

3.5 Counting Methods. All of the methods with the exception of Method A-5 . 
involve ·counting the radiation emitted by the radjonuclide. Counting methods. applicable'to the.measurement 
of alpha, beta and gamma· radiations·are. Listed below •. -The equipment needed and the counting principles 
involved are described in detail in ASTM-3648(8). · 

3.5.1 Alpha Counting: 

• Gas Flow Proportional Counters. The alpha particles cause ionization in the counting gas and the 
resulting electrical pulses are counted. These counters may be windowless or have very thin windows. 

• Scintillation Counters-. The alpha particles transfer energy to a scintillator resulting in a 
production of Light photons which strike a photonaJltiplier tube converting the Light photons to electrical 
pulses which are counted~ The counters may involve the use of solid scintillation materials such as zinc 
sulfide or liquid scintillation solutions. 

. • Solid-State Counters. Semiconductor materials, such as silicon surface-barrier p-n junctions, act 
as solid ionization chambers. The alpha particles interact which the detector producing electron hole pairs. 
The charged pair is collected by an applied electrical field and the resulting ·electrical pulses are 
counted. 

•Alpha Spectrometers. Semiconductor detectors used in conjunction with IIK.lltichannel analyzers for 
energy discrimination. 

3.5.2 Beta· Counting: . 
. ' 

• Ionization Chambers. These chambers contain the beta-emitting nuclide in gaseous form. The 
ionization current produced is measured. 

• Geiger-Muller (GM) Counters-or Gas Flow Proportional" counters. The beta particles cause ionization 
· in the counting gas and the resulting electrical pulses are counted. Proportional gas flow counters which 
are heavily shielded by lead·or other metal, and provided.with an anti-coincidence shield to reject cosmic 
rays, are cal led ·Low background beta .counters_. 

• scintillation Counters. The beta particles transfer energy to a scintillator resulting in a 
production of Light photons, which strike a phot011KJltiplier tube converting the light photon ·to electrical 
pulses which are counted. This may involve the use of anthracene crystals, plastic scintillator, or -liquid 
scintillation solutions with organic phosphors. 

·•Liquid Scintillation Spectrometers. Liquid scintillation counters which use two photomultiplier 
tubes in coincidence to reduce background counts. This counter may also electronically discriminate among 
pulses of a given range of·energy. 
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· 3.5~3-Ganma·co~ting: 

.. • Low-Resolution Ganma Spectrometers. The ganma rays: interact with thal l iun· activated ·sodiun iodide 
or cesiun iodide crystal resulting in the release· of light photons which strike·a photomultiplier tube 
converting the light pulses to electrical pulses proportional to the energy of the ganma ray •. Multi-channel 
analyzers are used to separate ancl'store -the pulses accordi,ng to the en~rgy absorbed in the crystal. 

• High-Resolution ganmli. Spectrometers. Ganma rays interact -with. a l ithiun-drit°ted ·cGe(L i ~) or . 
high-purity germaniun (HPGe) semiconductor detectors resulting in.a production of electron-.hole pairs. The 
charged·pair is collected by an applied electrical field. A very stable low noise preafl1)lifier afl1)lifies the 
pulses of ~lectrical charge resulting from the ganma photon interactions. Multichannel analyzers·or 
computers are us_ed to separate and store the pulses according to the energy· absorbed in th·e crystal. 

• Singl"e Channel Analyzers. Th~lliun activated sodiun iodide crystals used with a single window 
analyzer. Pulses from· the photomultiplier tubes are separated in a single predetermined energy range. 

3.5.4 Calibration of Counters~ Counters are cal ibr'ated for ·specific radionuclide measurements using 
a·standard·of the radionuclide:under either identical or very similar conditions as the safl1)le to be 
counted. For ganma spectr:ometers a·series of standards covering the energy.range of interest may be used to 
construct a calibration curve relating .ganma energy to counting efficiency. 

In those.cases where a standard is not available for a radionuclide, counters may be calibrated using a 
standard with energy characteristics as similar as possible to the radionuclide to be-measured. For gross 
alpha and beta measurements ~f the unidentified mixtures of radionuclides, alpha counters ·are calibrated 
with a natural uraniun standard·and beta counters with a cesiun-137 standard. The·standard must contain the 
same weight and distribution of soljds as the safl1)les, and-be'mounted in an identical manner. If the safl1)les 
contain-variable amounts of solids~.calibration curves relating weight of solids present to counting 
efficiency are prepared. Standards other.than those prescribed may be'used·provided it can be shown that 
such standards are more' applicable to the radionuclide mixture ·measured. · 

' . 

3:6Radiochemical Methods for Selected Radionuclides. Methods for a selected list of radionuclides 
are listed in Table 1. The radionuclides listed are those which are most conmonly used and which hove the 
greatest potential for causing doses. to members of'the public. For radionuclides not listed. in Table· 1, 
methods based on any of the applicable•"principles of measurement" described in section 3.1 through 3.4 may 
be used. · 

3. 7 Appl ic~bil i'ty of Gross Alpha and Beta Me~~4rements to Unidentified Mixtur~s of Radionucl ides. 
Gross alpha and beta measurements may be used as a scr.eening measurement as a -part of _an emiss.ion 
measurement program to identify the need to do specific radionuclide analyses or to confirm or verify that 
unexpected radionucl ides are. not ~ing ·_released in significant quantit.ies. ·. ' · 

Gross alpha (Method A-4) ·.or gross beta (Methods B-2 or B-4) measurements may also be used for· the 
purpose of comparing the measured concentrations in the ·effluent stream with the limiting "Concentration· 
Levels for Environmental Compliance" in·Table 2 of Appendix E. For unidentified mixtures, the measured 
concentration value shall be compared wHh the lowe~t environmental concentration-limit for any radionuclide 
which is not known to be absent from the· effluent .stream. -

See Appendix H. 

4.0 Quality Assurance·Methods · 

Each facil,ity required to measure their· radionuclide. emissions shall; conduct a quality assurance program in 
conjunction with the ·radionucljde emission measurements. This program shall assure that the emission· 
measurements are representative, and-are of known precision and accuracy and shall include aariinistrative 
controls.-to ,assure_ prompt response. when emission measurements indicate unexpectedly large emissi.ons. The 
program shall.consist of a system of.policies, organizat.ional responsibilities, written,procedures, data' 
quality specifications, audits, .corrective actions and r:eports. This quality assura.nce program shall _include 
the following program-elements:.. ,, · •:, · 

4.1.The org~nizational _structure functional·. responsibilities, levels of authority and lines of 
communications. for· all_ activities related' to the emissions measurement program shall ,be -identified· 
and doc1111ented. · 

4.2 Aariinistrative-controls shall be prescribed to ensure prompt response in the event that emission 
_levels:increasedue to unplanned operations·.:.: , ,• ; 

' ' ' 

WHC~CM-4-12 (WHC 1990a), ·section 1.14', REV 0, 11 Alarm Response and 
.. Managemen_t. 11 Provides guidance and·. sets requirements· for managing 

the respons~s "to alarms that are the ·.responsibility of . 
Occupational Health .and Sarety (OHS-)., ·Thfs practice fs applicable 
to all ,members of the -OHS organization. Area Health !and Safety · 
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managers sha 11 ensur·e that a 11 members of their organizations are 
aware of and adhere to this practice. 

WHC-CM-4-12 (WHC 1990a), Section 2.1, REV 0, "Radiological 'Problem 
Reporting Program." The purpose of the Radiological Problem -
Report (RPR) program is to provide a documented record of observed 
-radiological problemss a mechanism for reporting these problems to 
management for action,_ a capability to track and monitor the 
progress of the planned corrective actionss and a-database for 
assessing tren4s in radiological program performance and needed 
actions. . · 

WHC-CM-4-12~ Section 12.1, REV 1, 11 Emergency Response. 11 An 
Emergency is a sudden unexpected event requiring immediate 
response to mitigate impacts to people, property~ or the environ
ment. When radioactive material is involved, Health Physics (HP) 
plays a major role in evaluating, controlling, and recovering from 
the event. To perform this function, HP personnel receive 
training to respond to a variety of emergency situations. All HP 
procedures provide emergency response guidelines. Together, the 
training and the written procedure detail the HP Emergency 
Response Program.· 

Emergency Response. In many situations HP personnel are the first 
to respond to a radiological emergency. The ability to assess and 
evaluate the situation and take immediate steps to minimize the 
effects of the event is crucial· for controlling t~e emergency. 
The HP personnel must us_e- their training and experience to make 

· good, decisio_ns during the initial response to an emergency. 

An emergency response may be initiated by personnel observing the 
event, alarms, the Patrol Operation Center, or the Emergency 

· Control Center(s) once they are manned. For a planned response, 
HP personnel shall be in teams of at least two. Out of necessity 
(e.g., backshift response), one member could be an Operations 
person or other emergency service person such as fire or patrol. 
A· rapid response is required; however, no undue risks should be 
taken nor should employee personnel safety be compromised. The 

· type of emergency determines the level of planning for HP 
. response. For example, a continuous air monitor (CAM) alarm or a 

small radioactive spill requires ljttle planning for the initial 
response. However, when an emergency causes a facility 
evacuation, preplanning (e.g., stay time, entry route) by and 
approval of the Building/Facility Emergency Director are necessary 
for re-entry. · 

Although HP personnel respond to an emergency using basic guide
lines, an area/facility may have specific procedures that have 
priority over these guidelines. · 

· WHC-IP-0692 (WHC l99la), 12.1. 2.3, Rev 2; 11 Effl uent Exhaust CAM 
Al arm Response. 11 Th.is procedure establishes the standard method 
of handling samples from, and response to alarms at, Effluent
Exhaust CAM systems. This procedure describes the steps and mate
rial necessary to exchange, perform field concentration calcula-

F-10 



, WHC-EP-0536 . · · · 
·t . 

tions~ and submit suspect samples.for 11 rush 11 or "Red Envelope" 
analysis when· r_esponding to alarms on .Effluent Exhaust- CAM 
systems. 

WHC-IP-0692, 12.l.6, REV J,. "Stacie Er'fluent:Release· Response." 
This proce<Jure establishes guidelines for responding to a 
potential or actual release of radioactive material through 

·exhaust staclcs. This procedure describes the immediate· actions to 
· respond to an exhaust. {CAM) stack alarm {i.e., CAM monitoring 

downstream or upstream of the final .filtration). 

_WHC:.Ip.:.0692, Procedure· No.: i2~2.l', Rev~.·2, "Emergency Response Air 
Sampt i ng. 11 

· This . procedure:: establishes the · instruction and · 
guideHnes for air sampling in an emer.gencyifituati'on. This 
procedure descri,bes the steps for air.sampling both .inside and· 

· outside facilities when a release of- radioacthe material is 
suspected •.. ·· · " · · · 

, ' 

. · WHC-IP-0692, Section 12.2.3, REV ·O, "Health Physics Emergency 
Response Team. 11 This procedure provides the organizational 

_ structure of, the instructions for-, _and the responsibilities of · 
the HP Emergency Response Team and the· Radiation·Protection 
Technologist {RPT) Field Survey·Teams. Jhisprocedure describes 
the steps ·for· an· initial_ emergency response by the HP Emergen~y . 
Response Team_ {ERT) and RPT Field Survey, Teams. The.·HP ERT and 
the RPT-.Field Survey Teams may· be requested to respond to an 
emergency when it h·deemed that- an environmental release of 
radioactive material may extend beyond the control of a facility 

,or outside the boundaries of the Hanford Site. These teams will 
· have.monitoring responsibilities only.outside the boundaries of 

the -event site.,·· · · . · . · · 
. . .' 

' . - . 
" ' . 

WHC-IP-0692, Section 12~2.4, Rev. 2, '.1Emergency Radioactive 
Plume Tracking. 11 ·This ·procedure establishes the 
instructions_: to track a plume created· from a ra.dioactive 
material release to.the environment~ This procedure. 
describes·the- steps to traclc and to determine if a 
radi_oactive beta-ganvna plume is at ground level or ,at ·an 
elevated level. • · · · · · 

·Notifications and reporting of specific events related to. 
environmental releases· and/or events involving effluents·and/or 
hazardous· materfals. are reported· via instruction ghen in 
WHC;..CM-5-34 {WHC 1991c); Solid/Liquid Waste Remediation Operations 
Administration, .,Section' 1.18,·_IIOccurrence Reporting and Processing 
of Operations Informatioh. 11 The purpose of this procedure is to 
establish.and implement"specific criteria and requirements for the 
i'dentific.ation, categorization,. notification, and reporting of 
occurrences within the Solid/Liquid Waste Division, including the 

· 340 Facility, as requ_ired by·WHC-CM.;.1 ... 3 {WHC 1990b), MRP 5.14, 
11 0ccu.rrence Reporting and Processing of· Operational Information. 11 

. . '. ' ' ' ·.. . . 

. . . . . 

4.3 The sample coUection and analysis procedures used ·in measuring 'ttie emissions shall be described 
. including where appllcabl_e:' · · 
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4.3.1 Identification of S8fl1ll ing sites and nud:>er of sa8')l ing points; including the rationale for ·· 
site selections. ·· · 

Drawing H-3-34406 (DOE-RL 1978), 11 HVAC Elevations,. Sections and 
Details, 11 shows stack dimensions and sampling site location. As 
shown,.the stack is 18 in. in diameter. The sample site is 
located 10 ft downstream (or 6.6 duct diameters) from -the last 
disturbance ·and 2 ft (or 1.3 duct diameter) from the· point of 
release. This location meets the criteria specified in 40 CFR 60, 
Appendix A, Method lA (EPA 1991). 

The sample probe was designed and installed by Air Monitor 
Corporation (AMC). The Certified Vendor Information, CVI-30256, 
Operating and Maintenance Manual for the 300 Area Radioactive 
Liquid Waste System (Air Monitor Corporation), contains the probe 
design drawings and a detailed explanation of how American 
National Standards Institute (ANSI) standards are applied. To 
sumarize here, the stack has one sample probe with eight sample 
nozzles. The AMC sampling unit uses an air profiling station to 
produce a flat velocity profile of non-rotating, straight air. 
This allows for isokinetic sampling and measuring the stack 
velocity and volume under almost any condition of airflow. 

4.3"2 A description.of sa8')ling probes and representativeness of the sa8')les 
. . 

The sample probe was designed and installed by AMC. The CVI-30256 
contains the probe design drawings and a detailed explanation of 
how ANSI standards are applied •. To sumarize here, the stack has 
one sample probe. It. has 20 total pressure ser:isors·, 4 static 
pressure sensors, and 8 sample nozzles. The inside diameter of 
each nozzle is 0.58 in. and each covers 0.224 ft2 of area. The 
AMC sampling unit uses an air profiling station to produce a flat 
velocity profile of non-rotating, straight air. This allows for 
isokinetic sampling and measuring the stack velocity and volume 
under almost any condition of airflow. 

4.3.3 A description of any continuous monitoring system used to measure emissions, including the 
.sensitivity of the system, calibration procedures and frequency of calibration. 

Not applicable; emissions are not monitored continuously for 
compliance purposes. 

4o3.4 A description of the sa8')le collection systems for each radionuclide measured, including 
frequency of collection, calibration procedures a_nd frequency of calibration. 

The sampler runs continuously to ensure a representative sample. 
Radioactive particulates are-captured on a "high-efficiency 
particulate air filter as described in Section 2.1 of this 
document. Radioactive iodine is captured on a charcoal cartridge 
as described in Section 2.2.2 of this document. Samples are 
co 11 ec~ed week.1 y, in a_ccordance with procedures WHC-I P-0692, 
Health Physics Procedures Manual, Section 5.2.3.1, 11Air Sample 
Exchange 11 (WHC 1991a), and Health Physic-s Scheduled Radiation 
Survey Task Description for Building 340, Task No. J-W005, Survey 
No. 911562 (WHC 1991b). There.are no calibrations required for 
the particulate filter or the charcoal cartridge. 
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4.3.5 A descr;ption of the. laboratory ~nalys;s p~ocedures used for each rad;oriucHde ineasuri!d, . 
includ;ng frequency of analys;s caUbrat;on procedures and frequency of·caUbratfo1"1. ·· · 

Laboratory analysis procedures used forStack340-NT-EX record 
samples are described by:the information ·h, Appendix H. 

-4.3.6 A de.scr;pt;on of the saq,'t~ .flow rate measurement 'systef!IS or_procedures, fnclucHng cal;brat;on 
procedures and.frequency of caUbratfon. · 

' - . ' -

The'sample-flow rate is regulated using a rotameter provided by 
Dwyer Instruments. · These rotanieter.s are described in. Certified 
Vendor·Information.CVI-30268~ 11 Flowmeters, 11 model number RMA-9"."'TMV 
(Dwyer Instruments). The visual float is verified weekly during 
sample .collection in,accordance with WHC-IP-0692, Health Physics 
Procedures Manual, Section 5.2.3.1, "Air Sample _Exchange. 11 

• 

Rotameters. are scheduled for calibration annually. The calibra-
tion is -completed in accordance with Calibration Procedure 1_148, 
11 Calibrate·Rotameter 11 (Becken 1990). · 

. . 

4.3.7 A descr;ptfon of the effluent flow rate·measurement procedures, ;ncluding frequency of 
mea_surements, cal ;bratfon procedures ar,c:1- frequency_ of cal ibraUon. 

The fl ow measur·ements for Stack 340-NT-EX are required· annua l1 y -at 
a minimum in•accordance with.the 300Area-Maintenance Engineer . 
Services procedure #1135. A pi.tot tube ,is. inserted into a test 
port to-·measure the.velocity pressure, which is then converted to 
flow using a ·'.table and equation fr9m the data sheet for the · 
procedure. Control of measuring· and test equipment· is addressed 

_in WHC"".CM.;.8-3~ which re~uires annual calibratfon frequency. 
4.4 The object;ves of the quaUty assurance· program shall be documented and shall state' the requ;red 
predsfon, accuracy and coq,letenes11 of the em;ssfon'·_measurement data including a descriptfon ·of the 
procedures used to assess these parameters. Accuracy is the degree of agreement of a measurement 

. with a true or known value.· Precisfon is a measure of the agreement among· individual measurements of 
the same parameters under similar. conditions. Coq,leteness ;s a- !lll!asure of the amount: of· data· 
obtained·coq,ared to the-amount expected-under normal conditfons. 

-The objectives of the quality assurance,program will be described 
in a future.Environmental Protection Quality Assurance Project 

·Plan. · 

4.5. A quality control program shall be est~bl ished to evaluate and. track the• quality· of the 
emissions measurement data against preset criteria. The progr~m should Include where applicable a 
system of re'pl icates, spiked saq,les, split sa111)les, blanks. and. control charts. ·The number and · 
frequency of such quality control checks shall be' identified.,_ · 

Labo_ratory. requirements are· presen~ed in· Appendi_x H •. 
4.6 A saq,le tracking,-system. shall be· establ ishea to prov-icle for positive identif;cation of saq,les 
and data through all phases of the saq,le collection,_ an_alysis and reporting system. Saq,le_ handl ;ng 
and preservation procedures shall be established.to maintain the integrity of·saq,les during 
collection,· ·storage and analysis. · · · 

' . 

- See Section 6.2~3 of the main body of this report. 
4. 7 Periodic inte.rnal and external audits. shall ·be. perfor:-~, to monitor coq,l ian~e with' the quality 

.. assurance· program. These audits ·shall be· performed,_ in accordance ·with written procedures and 
conducted by personnel who d_o not have responsibility for performing any of _the operations being 
audited. _ , _ .. · · , • , . . · · ·. 

See Section 7.0 of the main·body of this report._ 
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4.8 A corrective action program shall be established including criteria for when corrective action 
is-needed, what corrective action will be taken and who is responsible for taking the corrective 
action. · 

See Sect_ion 8 •. 0 of the main body of this report. 
4.9 Periodic reports to responsible management shall be prepared on the performance of the emissions 
measurements program. These reports should include assessment of the quality of the data, results of 
audits and description of corrective actions. · 

See Section 9·.0 of the main body of this report. 
4.10 The-quality assurance program.should be documented in a qu~lity assurance project plan which 
should address each of the above requirements. 

The quality assurance program for stack 340-NT-EX will be 
described tn a future Quality Assurance Project Plan. 
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Hanford Company,· Richland,_ Washington. 
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. . . 
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.. , APPENDIX G 
' . 

METHOD 114 COMPARISON FOR THE 222-S LABORATORY· . _ 

Emissions -onitoring pra~tice~ for the_ followin[ Hanford Site main stacks, 
are evaluated for compl iar:ice with th_e radionuclide em.ission- requirements 
defined in Title 40 Code of Federal Regulations (CFR) Part 61, Subpart H, 
"National ·Emission Standards for Hazardous Air po 11 utants" (NESHA~) , . 
(EPA-1991): . , . 

· a. 291-A-l--Plutcmium-Uranium Extraction (PUREX) -~lant Mai·n Exhaust 
Stack· · · 

b. 291:-8-1--B Pl ant Main Stack.· 
c. 291-Z-l--Plutonium Finiihing Plant Main Stack. 
d. 296-A-22~-242-A Evaporator · 
e~ 296-:-A-40~-241-AP Tank Exhaust, Tank Farm 
f., 340-NT-EX~~Waste Handling Fa~ility. 

The effluenti from·each:of these stacks are well characterized. The 
characterizations of radionuclide compbsition in emissions are in complete 
agreement with the operations carried out in respective 'facilities generating 
radioactive emissions .. Samples ·of· emissions are collected from the stacks · 
having the potenti~l· to contain the radionucli~es gi~en fn Tabl~ G-:-1 in 
concentrations ·at 'the· stack exits that may ·exceed .10% of any of the Derived 
Conce·ntration Guides. values provided in DOE Order '5400;5 (DOE 1990). Samples 
of emissions are collected periodically from various stacks by personnel in 
other organizations. The samples from· stacks a through e above are delivered 
·to the 222-S Laboratory and analyzed for each o·f the radi onucl ides.listed·· in 
Table G-l; . . 

The ·laboratory receives weekly or daily main stack .a·ir filter- samples 
from the facilitie·s~ ·They are usually 47_-mm filters (acrylic copolymer-on 
nylon),· except: froni PUREX where 5-in·; (127-mm) filters- are .·used; Before 
analysis is performed, samples are held for 7 days so that radon/daughters, if 
present in the filters; · can decay away; 

' ' . . 

The emissions collecti-0n media, sodium hydroiide'bubbler and silica·gel, 
are used only at the.PUREX main stack for collecting 14C and 3H, respectively,: 
and are sent bi weekly to the l ab?ratory .for analysis·. · 

_ The ra.dionucl i de~ 131 I, - 129!, J03Ru ,: 106Rh, 113Sn, and. 125Sb are mon.itored at 
the PUREX, 242~A Evaporator, and AP Tank Farm main· stacks.· Samples are· 
collected using silver zeolite cartridges that are sent weekly to the 
laboratory, for identification of radionucl ides· and determination of their 
activity. ·· · · · · 

. After a 7-day decay period, the total alpha/total ·beta activity· 
concentrations in the weekly and daily air particulate samples ~re determined 

. (procedure LA:..508-:-110). This screening process is performed to make a quick 
. evaluation of _activity levels in the main stack afr streams. Ir the ·activity 

level for a specific main stack is found to be significantly increased,_ as 
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Table G-1. Radionuclides 
Nuclides ,. 

requested PUREX B Plant Z-Plant 242-A 241-AP tank 
for 291-A-1 291-B-1 291-Z-l Evaport. 296-A-40 

analysis 296-A-22 

Alpha Am-241, Am-241, Am-241, 
Emitter Pu-238, Pu-238, Pu-238, 

Pu-239 & · Pu-239 & Pu-239.& 
Pu-240 Pu-240 Pu-240 

Beta Sr-89, . Sr-89, . Sr-89, Sr-89, 
Emitter Sr-90/ Sr-90/ Sr-90/Y-90 · Sr-90/Y-90 

Y-90, Y-90 
Pm-147, 
C-14 & H-3 
(gas) 

Gamma Nb-95, Cs-134 & Cs""'.134 & Cs-134 & 
emi tter<a> Zr-95, Cs-137 cs..:137 Cs-137 

· Cs:-134, I-129Cb) l-129Cb) . 
Cs-137 & I-131 (b) I-131 (b) 
Ce-144 . Rh/Ru-106Cb> Rh/Ru~106Cb> 
l-129(b) Ru-103<b> Ru-103Cb) 
1-131 Cb) Sn-113cb> sn.:..113<b> 
Rh/Ru-106Cb> Sb-125Cb) . Sb-125Cb) 
Ru-103Cb> .. 

-Sn-113<b> 
Sb-125Cb) 

Gross TA/TBlC) TA/TB TA/TB TA/TB TA/TB 
Activity 

(a) The gamma spectroscopic technique is used for analyses of these 
radionuclides because they emit gamma rays of high intensity. 

T Plant 
291-T-1 

Am-241, 
Pu-238, · 
Pu-239 &· 
Pu-240 

.. 

TA/TB 

Cb) 
(C) 

These radionuclides are collected on silver zeolite sampling media. 
Total alpha and total beta analysis. 
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. indicated by its total alpha/total beta data·, then facility personnel are 
contacted to ~lert them of a change in emissions. It is.important t~ note 
here that continuous air monitoring sy~t.ems with a_larms are installed at each 
main stack for hear real-time respon~e:to elevated releases.: The~~·alarms ; 
will allow.rapid .response from facility perso.nnel .if the sttuation warrants.· 
For compliance, the screening of weekly total alpha/total beta measurements is 
made assuming the most limfting alpha iarticulate ( 39~40 Pu) and the ~ost .· 
limiting beta-emitting radionuclide (9 Sr) in the. Hanford Site stack 
effluents. To ensure conservatism, the222-S Laboratory performs specific 
rad i o_nuc l i de. analyses · on a composite. of a·11 filters co_l l ected dur·i ng a · 
calendar quarter .. Gamma energy analysis (GEA) is performed (LA-5O8-O52) on ·. 
the composite to determine.the· activities. of the gamma emitters, particularly·· 
9sNb, 9Szr' 134cs' 137cs' and 144Ce. . : . . . . .. · .. . . . . . . . . 

After GEA is ·complete, the quarterly composite of· air filters is ashed, 
dis~olved/leached, then appropri~tel~ treated and mounted for analy~is. of 
individual alpha emitte·rs:(LA-549"".112 [dissolution], LA-943-123 [chemical 
separ~tion}~ LA-542-1O1 [elecfrodeposition], LA.;,.5O8-051 -[alpha spectrometry] 
for 24 Am, 8Pu, 239•240Pu) and beta emitters (LA-549.,;,112 [dissolution], · · 
LA-22O-1O3 [chemical separation], LA-5O8-111 [total beta counting] for 
89

•
90sr;9°v; LA-549-112 [dissolution]; LA-613-111 [chemical separation], 

LA-548-111 [mounting in scintillatio_n cocktail], LA-:-5O8-121 [scintillation 
counting] for 147Pm) ,· depending on- the type of analyses requested by t~e · · 
facility and 200 Areas fnvironmental Protectiori ~roup.. · 

Biweekly gas samples from the PUREX main st.ack ·collected· in sodium. 
hydroxide bubblers- and silica gel are analyzed for 14c (LA-348-1O1 [chemical 
separation], LA-548-111 [mounting in cocktail], LA;...5O8...:121 [scinti.llation 
counting]} and for 3H (LA-218-112 [p~o~essing];• LA-548~111 [mounting in · · 
cocktail], LA-5O8-121 [liauid sdntillation counting1,; respectively. The 
weekly samples for 129!, 131 !, 125Sb, 113Sn, ~06Rh, and 1tl3Ru from. each of the· 
PUREX, 242-A Evaporator, and AP.Tank Far~ main stacks, collected o~ silver 

. zeolite cartridges, are analyzed by the GEA (LA-288-1O1 in conjunction with 
LA-soa:...os2). · · · · 

A point-by-point comparison of analyses performed with the regulatory 
requirements of ·4O CFR 61, Subpart H, Method 114 (particularlySectidns 3 and. 
4 as applicable to 222-S Laboratory operations) (EPA 1991) is provided in. the 
attachment. · · · · · · 
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METHOD 114-TEST METHODS FOR MEASURING 
RADIONUCLIDE EMISSIONS FROM STATIONARY SOURCES 

1. Purpose and Background 

This method provides the requirements for: ·c1> Stack monitoring and saq,le collection methods 
appropriate for radionuclides;.(2)·radiochemical methods which are used in determining the amounts of 
radionuclides collected by the stack sampling and; (3) quality assurance· methods which are conducted in 
conjunction.with·these measurements. These methods are appropriate for _emissions for stationary sources. 
A list of references is provided. 

Many different types of facil'ities release radionuclides into air. These radionuclides differ in the 
chemical and physical forms, half-lives and type of radiation emitted. The appropriate combination of 
sample extractiort, collection and analysis for an individual radionuclide is dependent upon many 
interrelated factors 'including the mixture of other radionucl ides present. Because· of this ·wide range of 
conditions, no single method for monitoring or sample collection and analysis of a radionuclide is 
applicable .to all types of facilities. Therefore, a series of methods based-on "principles of measurement" 
are described for monitoring and sample collection and analysis which are applicable to the measurement of 
radionuclides found in effluent .streams at stationary sources.· This approach provides the user with the 
flexibility to.choose the most appropriate combination of monitoring and sample collection and analysis 
methods which are applicable to the effluent stream to be measur.ed. 

Response: Our answers to U.S. Environmental Protection Agency (EPA) 
requirements (regulatory criteria 40 CFR 61, Subpart_H, Appendix B, 
Method 114) (EPA 1991) regarding Hanford site air emissions are provided 
here. · · 

2. Stack Monitoring and Sanple Collection Methods 

Monitoring and sample collection methods are described based on "principles of monitoring and sample 
collection" which are applicable to the measurement of radionuclides from effluent streams at stationary 
sources. Radionuclides of most elements will be in the particulate form in these effluent streams and can 
be readily·callected using a suitable filter media. Radionuclides of hydrogen, oxygen, carbon, nitrogen, 
the noble gases and in some circunstances iodine will be in the gaseous form. Radionuc~ides of these 
elements will require either the use of an in-line or off-line monitor to directly measure the 
radionuclides, or suitable sorbers, condensers or bubblers to collect the radionuclides. 

Response: No answer is required.of radioanalytica1 chemistry. 

2.1 Radionuclides as Parti.cu·lates •. The extracted effluent stream is passed through a filter media 
to remove the particulates. The filter !!Ust have a high efficiency for removal of sub-micron particles. 
The guidance in ANSI N13.1·1969.shall be followed in using filter media to collect particulates 
(incorporated by reference-see§ 61.18). · 

See Appendices A, B, C, D, and E. 

2.2 Radionuclides as Gases. 

2.2.1 The'Radionuclide Tritiun_(H-3). Tritiun in the form·of water vapor is collected from•the 
extracted.effluent sample by sorption, condensation or dissolution techniques. Appropriate collectors may 
include silica gel, molecular sieves, and ethylene glycol or water bubblers. 

. . . 

Tritiun in the gaseous form may be measured directly in the sample stream using Method B-1, collected 
as a gas sample or may be oxidized using a metal catalyst to tritiated water and collected as described 
above. · · · 

2.2.2 Radionuclides of iodine. Iodine is collected from an extracted sample by sorption or 
dissolution techniques. Appropriate collectors may include charcoal, impregnated charcoal, metal zeolite 
and caustic solutions. 

2.2.3 Radionuclides of Argon, Krypton and Xenon. Radionuclides of these·elements are either 
measured directly by an in-line or off-line monitor, or are collected from the extracted sample by Low 
tempe_rature sorption techniques, Appropriate sorbers may include charcoal or metal zeol ite. 

2.2.4 Radionuclides of Oxygen, Carbon, Nitrogen and Radon., Radionuclides of these elements are 
measured directly using an in-Line or off-Line monitor. Radionuclides of carbon in the form of carbon 
dioxide may be collected by dissolution in caustic solutions. 

See Appendices A, D, and E. 
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. 2.3 Definition of Terms 

rn-linemonitor means a continuous measurement .system in which the detector is .placed.directly in or 
adjacent to the effluent stream~ This may involve either gross radioactivity measurements· or specific . 
radionuclide measurements. Gross measurements shall be made·.in conformance with the conditions specified in 
Methods A~4, B-2, and G-4. . . . . . . . 

oif-linemonitorme~ns a measurement system iri•which the detector is us~ to continuously measure an 
extracted sample of the effluent stream. This may involve either gross radioactivity measurements or 
specific radionuclide measurements. Gross measurements shall be made in conformance. with the conditions 
specified in Methods A-4, B~2 and G-4. . . . 

Sarrple collection means. a procedure in which the radionuc':lides are remo'-'.ed from an·extracted sample 
of the effluent using a collection media. Jhese collection media include filters, absorbers, bubblers and 
condensers. The collected sample is'analyzed using the _methods described in Section.3. 

Response: No answer is: required •.• 

3. Radionuclide Analysis Methods 

A series ~f methods based on "principles' of measur~~t" are described wtiich are applicable to the_ 
analysis of radionuclides collected from airborne _effluent streams at stationa~y sources. These methods are 
applicable only under the conditions stated and within the limitations described •. Some methods specify that 
only a single radionuclide·be present tn the sample or the chemically separated sample. This condition 
should be interpreted to mean that no other radionuclides are present. in quantities which would interfere 
with the measurement.. ·· · 

Also identified (Table 1) are methods. for a selected list of radionuclides. The listed radionuclides 
are those which are most commonly used and which have'·the greatest potential- for causing dose to members of 
the public. Use of methods based on principles of measurement other-than 'those.·described in this section 
must be approved in advance of use by the.Administrator; For radionuclides-not listed in- Table 1, any of 
the described methods may be used provided the user can demonstrate that: the applicability conditions of the 
method have been met • 

. The type·of inethod_applicable to the analysis of a radionuclide is de~endent upon the type of 
radiation·emitted, i.e.; alpha, beta or gamma •. , Therefore, the methods described below are grouped according 
to principles of measurements .for the anal')'sis of alpha, beta and ganma emitting radionuclides. 

3.1 Methods for Alpha Emitting Radionucl ides · 

3.1.1. Method A-1, Radiochemistry-AlphaSpectr~try. 

Principle: The element of interest is separated from other elements, and from the sample matrix 
using radiochemical techniques. The procedure may involve precipitation, ion exchange,. or so(vent 
extraction. Carriers (elements chemically_ similar to the element of .interest) may be used. The element .is· 
deposited on.a planchet in a very thin film by electrodeposition or by coprecipitation on a very small 
amount of carrier, sue~ as· l-anthanun fluqride. The deposited e.lement is· then counted with an alpha 
spectrometer •. The activity of the nuclide of interest is measured by the nuii,er of alpha counts in the· 
appropriate eriergy· r'egion. A correction for chemical yield' and counting efficiency is made using a 
standardized radioactive.nuclide (tracer) of the same'element. If a radioactive tracer is·not available for 
the element of interest, a predetermined chemical yield factor may be used. 

Applicability: ·TMs method is.applicable for determining the activity of any alpha-emitting 
radionuclide, regardless.of what other radionuclides are present in the.sample provided the chemical 
separation step produces.a very thin sample and removes ·all other radionuclides which could interfere in the 
spectral region of interest. APHA-605(2), ASTM-D-39n(13). · 

Response: Our me.thod involves di~~ol utjon (LA-549~112), chemical , 
separation (LA-943-123), el ectrodeposition (LA-542-101), foll owed by 
alpha spectrometry JLA-508-051) ~ · It meets al 1 the requirements of the 
EPA-suggested method. This is used for analyzing 241 Am, 238Pu, and . 
239

•
240Pu in the air filter· samples. The activities of ·these nucl ides are 

determined by di_rect comparison with the recoveries of (National 
Institute of Standards. and Technology ( [NIST] .~raceabl e) 243Am and 236Pu. 
tracers.. · 

3.1.2 Method A-2, -Radiochemistry-Alpha Counting •. 

Principle: The· element ~f- intere~t is. separated ·from other elements, and from the sample matrix 
using radiochemistry •. The procedure may involve-precipitation, ion exchange,.or solvent extraction. 
Carriers Celemenu chemically similar. to the element of interest) may be used •. The e.lement is deposited on 



WHC-EP-0536 

a planchet in a thin film and counted with a alpha counter. A correction for chemical yield (if necessary) 
is made. The alpha count rate measures the total activity of all emitting radionuclides of the separated 
element. · 

Applicability: This.method is applicable for the measur~nt of any alpha-"emitting radion~clide, 
provided no other alpha emitting radionuclide is present in the separated sample. It may also be applicable 
for determining compliance, when other radionuclides of the separated element are present, provided that the 
calculated emission rate is assigned to the radionuclide which could be present in the sample that has the 
highest dose conversion factor. ID0-12096(18) •. 

Response:. Because the tracer technique is used in the separation 
processs this method is not used for air filter analysis. 

3.1.3 Method A-3, Direct Alpha Spectrometry. 

Principle: The sample, collected on a suitable filter, is counted directly on an alpha spectrometer. 
The sample must be thin enough and collected on the surface of the hlter so that any absorption of. alpha 
particle energy in the sample or the filter, which would degrade the spectr1.1n, is minimal. 

Applicability: This method is applicable to simple mixtures of alpha emitting radionucl ides and only 
when the amount of particulates collected on the filter paper are relatively small and the alpha spectra is 
adequately resolved. Resolutions should be 50 keV (FWHM) or better, ASTM-D-3084(16). 

Response: Our method follows the procedure L0-150-133, then LA-508-110 
for total alpha counts, and finally LA-508-051 for alpha spectrometry. 
~t partially meets the requirements of the EPA method. This method is 
usually used for emergency air samples. The sample is counted on the 
alpha counter of known efficiency to obtain the total alpha counts. In 
the alpha energy analysis (AEA), the relative peal( fractions of di.fferent 

. alpha emitters identified in t~e sample are determined. The peak 
fractions are then used to correct the total alpha counts and thus 
determine the activities of individual alpha nuclides present in the 
sample. 
3.1.4 Method A-4, ~irect Alpha Counting.(Gross alpha determination) ... 

Principle~ The sample, collected on a suitable filter, is counted with an alpha counter. The sample 
must be thin enough so that self-absorption is not significant and the filter mus.t .be of such a nature that 
the particles are retained on the surface. 

Applicability: Gross alpha determination may be used to measure emissions of specific radionuclides 
only (1) when it is known that the sa~le.contains only a single radionuclide, or the identity and isotopic 
ratio of the radionuclides in the sa111Jle are well known, and (2) measurements using either Method A-1, A-2 
or A-5 have shown that this method provides a reasonably·accurate measurement of the emission.rate. Gross 
alpha measurements are applicable to unidentified mixtures of radionuclides only for the purposes and under 
the conditions described in· section 3.7. APHA-601(3), ASTM-D-1943(10). 

Response: Our method.follows the procedure LA~508-110 or LA-508-114. It 
meets all of the requirements stated in the EPA-suggested met~od. 

_3.1.5 Method A-5, Chemical Determination of ~raniun •. 

. Urani1.1n: Uranil.ll'I may be measured chemically ,by either co_lorimetry or fluorometry. In both 
procedures, the sample is dissolved, the uranil.ll'I is oxidized to the hexavalent -form and extracted into a 
suitable solvent. In.,.:.irities are removed from the solvent layer. For colorimetry, dibenzoylmethane is 
added, and the uranil.ll'I is measured by the absorbance in a colorimeter. For fluorometry, a portion of the 
solution is fused with a sodil.ll'I fluoride-lithil.ll'I fluoride flux and the uranil.ll'I is determined by the 
ultraviolet activated fluorescence of the fused disk in a fluorometer. · 

Applicability: This method is applicable to th·e measurements of emission rates of urani1.1n when the 
isotopic ratio of the uranillli ·radionuclides is well known. ASTM•E318(15), ASTM-D-2907(14). 

Response: Total uranium is determined by procedure LA-925-107. The 
laser-induced kinetic phosphorescence analyzer is an improvement over the 
old fluorometric method for uranium determination. It is highly 
sensitive (lower detection level of 50 ppt is quite possible) because the 
laser frequency is used specifically for excitation of uranium atoms. It 
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is faster and produces quality numbers.. Quality, can al so: be monitored 
during analysis. It exceeds the requirements m~ntioned in the EPA 

· method. 

3.1.6 Method A-6, Radon-222-Contfouous Gas Monitor. 
' . . 

Principle: Radon-222 is mea~ured directly in~ continuously extracted san,.;le"stream by passin'g the 
air stream through a calibrated scintillation cell. Prior to the scintillation cell, the•air stream is 
treated to remove particulates and excess'moisture.· The alpha particles f.rom radon-222 and its decay 
products strike a zinc sulfide coating on the inside of the scintillation cell producing light pulses. The· 
light pulses are detected by a photomultiplier tube which- generates electrical pulses. These pulses are 
processed by the system electronics and the reed out is in pCi/l of radon-222.· _ 

Applicability: This method is applicable to t~e measurement of radon-222 in effluent streams which 
do not·contain significant quantities of radon-220. Users of this method should calibrate the monitor in a 
radon calibration chamber at least twice per year. The. background of the monitor should also be checked 
periodically by operating the instrument in_ a low radon envirorvnent. EPA'520/1·89·009(24) •. · · 

Response: . Not applicable at the 222-S Laboratory.': " 

3. 1. 7 Method A-7, Radon-222-Alpha Track Detect6rs 

Principle: Radon-222 is measured directly in the effluent st.ream using alpha.•track detectors CATO). 
The alpha part_icles emitted by radon-222 and its decay products strike ~ smaU plastic strip and produce · 
·submicron damage tracks. The plastic strip is placed in a caustic ·solution .that .accentuates the damage 
tracks which are counted using a microscope or automatic counting system •. The numer of tracks per unit 
area. is corrected to the radon concentration in air using a conversion factor derived from data generated in 
a radon calibration facility. · · · · · · · 

Applicability: Prior approval.from EPA. is required for use of this method. This method is only 
eppl icable to effluent streams. which do not contain significant quantities· of radon-?20,· unless special 
detectors are used to discriminate-against radon 220.: This method may_be used only when ATDs.have been 
demonstrated to produce data comparable to data obtained with Method A-6: Such data should be submitted to 
EPA when requesting approval for the use of ~his .method. EPA 520/1-89~009(24). • · 

' ' . 

Response: Not appl ica.bl~; direct, monitoring of 222Rn is not performed at 
·the 222-s· Laboratory,. 

3.2 Methods for· Gaseous Beta. Emitting. Radionuc.l ides. 

3.2.:1 Method B_-1, Direct Counting. in Flow-Through '1onhation· Chaambers •. 

Principle: An ioni.zation chamber containing a: s~ecific volume of gas which flows at a given flow 
rate through the chamber is used. The sample (effluent'stream sample) acts as _the counting_ gas for the 
chamber. · The activity of the radionuclide is determined from the .current' measured in the ionization 
chamber. ·' ' · · 

Applicability: This method is applicable for nieasuring the activity of a gaseous beta emitting 
radionuclide in an effluent stream _that is- suitable as a counting gas, when no other beta-emitting nuclides_ 
are present. · DOE/EP-0096(17), NCRP-58(23)'. .. 

Response: Not ·appHcabl e; not performed: 

3.2.2 Method B-2, Direct Counting With In·line:or Off-line Beta Detectors. 

Principle: · The beta :detector is placed directly. in. the effluent stream Cin-t ine) or an extracted 
sample of the effluent stream is passed through a chamber containing a beta c:letecto_r (off-line). The · 
activities of the radionuc_l ides present in the effluent stream ar_e _determined from the bet.a count rate, and 
a knowledge of the radionuclides present andthe-relationship of the gross .beta count rate and the specific 
radionuclide concentration. · 

Applicability: This method is app·l icable .only to ·radionucl ides with' max_imun b~ta particle energies 
greater ~hen 0.2 MeV. This method may be used to measure emissions of :specific •radionuclides only when it• 
is known·that the sample _contains only a single radionuclide or the identity and. isotopic ratio of ,the 
radionuclides in the effluent stream are well known.' Specific .radionuclide-analysis of periodic grab . 
samples may be used to' identify the types and quantities of radion~clides present· and-to establish the 
relationship between·specific radionuclide analyses and gross beta count rates. 

This method is applicable to unidentlfied mixtures of gaseous radionucl ides only for the purposes and 
under _the conditions described in section 3.7. · 
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Response: Not applicable; not performed. 

3.3 Methods for Non-Gaseous Beta Emitting Radionuclides. 

3.3.1 Method B-3, Radiochemistry-Beta Counting. 

Principle: The element of interest is separated from other elements, and from the sample matrix by 
radiochemistry. This may involve precipitation, distillation, ion exchange,. or solvent extraction. 
Carriers (elements chemically similar to the element of interest) may be used. The element is deposited on 
a planchet, and counted with a beta counter. Corrections for chemical yield and decay (if necessary>' are 
made. The beta count rate determines the total activity of all radionuclides of the separated element. 
This method may also involve the radiochemical separation and counting of a daughter element, after a 
suitable period of ingrowth, in which case it is speci_fic for the parent nuclide. · 

Applicability: This method is applicable for measuring the activity of any beta-emitting 
radionuclide, with a maxinun energy greater than 0.2 MeV, provided no other radionuclide is present in the 
separated sample. APHA-608(5). · 

Response: Our method for determining 89Sr, 90Sr/90Y in air filter samples 
is carried out using procedures LA-549-112 (dissolution) and LA-220-103 
(for chemical separation), followed by procedure LA-508-111 (total beta 
counting). The laboratory method certainly meets the requirements stated 
above. 

3.3.2 Method B-4, Direct Beta Counting (Gross beta determination). 

Principle: The sample, collected ·on a suitable filter, is counted with a beta counter. The sample 
rwst be thin enough -so that self-absorption corrections can be made. 

Applicability: Gross.beta measurements are applicable only·to .radionuclices with maxinun beta 
particle energies greater than 0.2 MeV. Gross beta measurements may be used to measure emissions of specif
ic radionuclides· only (1) when it is known that the sample contains only a single radionuclide, and (2) 
measurements made using Method B-3 show reasonable. agreement with the gross beta measurement. Gross beta 
measurements are applicable to mixtures of radionuclides only for the purposes and under the conditions 
described· in section.3.7. APHA·602C4), ASTM-D-1890(11). 

Response: For gross .. beta. determination, procedure LA-508-110 or 
LA-508-114 is followed. It· satisfies the method·requirements. 

3.3.3 Method B-5, Liquid Scintillation Spectrometry. 

Principle: An aliquot of a collected.saq,le or the result of some other chemical separation or 
processing technique is added to a liquid scintillation "cocktail" which is viewed by photomultiplier tubes 
in a liquid sc.intillation spectrometer. The spectrometer is adjusted to establish a channel or 11window11 for 
the pulse energy appropriate to the nuclide of interest. The activity of the nuclide of interest is 
measured by the counting rate in the appropriate energy channel. Corrections are made for chemical yield 
where separations are made. 

Applicability: This method is applicable to any beta-emitting nuclide when.no other radionuclide is 
present"in the sample or the separated sample provided that it can be incorporated in the scintillation 
cocktail. This method is also applicable for samples which contain more than one radionuclide but only when 
the energies of the beta particles are sufficiently separated so that they can be resolved by the 
spectrometer. Thi.s method is most applicable to the measurement of low-energy beta emitters such as tritilJTI 
and carbon-14. APHA.609(6), EML LV-539-17(19). · 

Response: - It is used for determining 147Pm in air fi-1 ter samples 
(LA-549-112 for dissolution, LA-613-111 for chem;cal separation, 
LA-548-111 for incorporating into scintillation cocktail~ and LA-508-121 
for liquid scintillation counting). This is also used for determination 
of 14C (LA-348-101, LA-548-111, and LA-508-121, sequentially) and 3H 
(LA-218-112, LA-548-111, and LA-508-121, sequentially) in gas samples. 
This method satisfies all of the requirements • 
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3.4.Ganma-Emitting Radionuclides 

3.4.1 Me'thod G-_1. High Resolution Gan Spect~~try~. 

Principle: The sample is counted with a high reso.lution ganma detector, usually either a Ge(Li) or a 
high purity.-Ge detector,.connected to a 111.1Ltichannel analyzer or c~ter. The ganma· emitting radionuclides 
in the saq,le are measured from the ganma coun~ rates· in the._energy :regions characteristic ,of _the individual 
radionuclide. Corrections are made for c9unts contributed by other radionuclide!>. to the ·spectral regions of 
the radionuclides cif interest. Radiochemical separat,ions may be made prior to counting but are usually not 
necessary •. · - · · · -

Applicability: This method_· is applicable to the IIIEiasurement of any ga- emitting radionuclide with 
ganma energies greater than 20 keV. It can be applied to coq,lex mixtures of radionuclides. The samples 
counted may be in _the form of particula_te filters, absorbers, liquids or gases. The method_ may also be 
applied to the analysis of gaseoµs ganma eniitting radionuclides directly'in an_effluent stream by passing 
the stream through a chamber or C!!ll containing the d~te~tor'. ASTM~3649(9), rno~120~6(18). . · 

_Response: Our.method uses gamma"ray spectroscopJwith high resolution 
germanium detectors and follows procedure. LA-508-052.- . It meets all the 
requirements explained in the EPAmethod. -

3.4.2 Method G-2, Low_Resolutfon Ganma Spectrometry. 

Principle: The sample is counted .with· a low resolut.ion ganina d~tector, a thallium activated sodium 
iodide crystal. The detector is· coupled tira photomultiplier tube·'and connected to a·111.1ltichannel 
analyzer. The ganma emit.ting radionuclides in· the sample are measured from the gamma count rates in the 
energy regions- characteristic of .the individual radionuclides. · Corrections are made for counts contributed 
by other radionuclides to the spectral regions of.the: radionuclides of interest. Radiochemical separation 
may be·used prior to counting to obtain less c~lex ganma spectra if needed. · 

Applicability: Thfs method is applicable to the measureme~t- of g~mma emitting radionucl ides with 
energies greater than 100 keV. · -It ,can be appried only to re_latively simple mixtures of gamma emitting 
radionucl ides. The samples counted may be in the form of particulate filters,. absorbers, liquids or gas; _ 
The method can be.applied to the analysis of gaseous radionuclides directly.-in an effluent stream by passing 
the gas stream through a chamber. or cell containing the detector. ASTM-D-2459(12), EMSL·LV-0539-17(19); 

Response:··-Not·appl°i.cable because:1:his method--is_ not used in air filter 
analysis • 

. 3.4.3 Method G-3, Single Cha_nnel Ganma Spectr:01J1etry. 

Principle: The sample is· counted with .a thal l iun activa-ted; sodium .iodide crystal. _ The detector is 
coupled to a photomultiplier,tube connected to a single channel analyzer. The activity of a gamma emitting 
radionuclide is determined from the ganma counts in the energy range· for which the counter is set. 

Applicability: This method is applicable to the measurement of a"singt'e ga~ emitting radionuclide. 
It is not applicable to mixtures of radionuclides. · The samples counted niay be-in.the form of particulate 
filters, absorbers, .liquids or gas. The method can be applied to the analysis. of gaseous ·rad_ionuclides 
directly in an effluent ~tream by passing t,he_ gas stream through a chamber ·or .cell containing the detector. 

-Response: Not applicable:because this technique is. not used in air 
·filter analysts,. . . ·- · -. - · ._- · · 

' ' 

3.4.4 ,Method G~4, Gross .Gamna Counting~ 

Principle:' The .sample is counted with a ganma detector usual Ly a thallium activated sodium i ~dine 
crystal., The detector is·coupled to a photomultiplier tube and_ ganma,rays abqve a.:specific ·thr.f!!shold energy 
level are counted. - : . - - , · . -. - -· _. :·. _ :· :· - . · - - . · · 

Applicability: Gross ganma measurements may be.used to measure.emissions of\pecific radionuclides 
only when it is known that the·sample contains a single radionuclide or the identity and isotopic ratio.of 
the radionuclides in the effluent-stream are well known., When.gross-gamma measurements are.used to-·. 
determine emissions of specific radionuclides periodfc measurements using Methods G-1 or G-2 should be·made 
to demonstrate that the gross gamma measurements provide reliable emission data. This method may be applied 
to analysis- of·-gaseous radionucl ides directly in· an effluent stream by placing i:h~ detector directly in or , 
adjacent to the· effluent stream or" passing. an. extracted sample of the ef.f luent stream t_hrough a chamber or , · 
eel l containing the detector. ·· · · ·· - · · 

R_espon$e: 0 Not applicable. 
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3.5 Counting Methods. All of the methods with the exception of Method A·5 involve counting the 
radiation emitted by the radionuclide. Counting methods applicable to the measurement of alpha, beta and 
gamna radiations are Listed below. The equipment needed and the counting principles involved are described 
in detail in ASTM-3648(8). 

3.5.1 Alpha Counting~ 

• Gas Flow 'Proportional Counters. The alpha particles cause ionization in the counting gas and the 
resulting electrical pulses are ·counted. These counters may be windowless or have very_thin windows. · 

• Scintillation Counters. The alpha particles_ transfer energy to a scintillator resulting in a 
production of light photons which strike a phot0111.1Ltiplier tube converting the Light photons to electrical 
pulses which are counted~ The counters may involve the use of solid. scintillation materials such as zinc 
sulfide or Liquid scintillation solutions. · 

• Solid·State Counters •. Semiconductor materials, such.as silicon surface-barrier p-n junctions, act 
as solid ionization chanmers. The alpha.particles interact which the detector producing electron hole 
pairs. The charged pair is collected by an applied electrical field and the"resulting electrical pulses are 
counted. 

• Alpha Spectrometers. Semiconductor detectors used. in conjunction with nultichannel analyzers for 
energy discrimination. · 

Response: Alpha proportional counters (home-built chambers w;th EG&.G 
ORTEC electronics), window-type gas flow proportional counters (some 
haying automatic sample changer), surface-barrier solid-state detectors. 
connected to _a multichannel analyzer (MCA) (Canberra's Jupiter™ system) 
are used for air filter analysis in our laboratory. Our equipment meets 
the EPA specifications. 

3.5.2 Beta Counting: -

• Ionization Chambers. These chanmers contain-the beta-emitting nuclide in gaseous form. -The 
ionization current produced is measured. '-

• Geiger-Muller CGM) Counters-or Gas Flow Proportional Counters • .The.beta particles cause ionization 
in the counting gas and the resulting electrical pu'l'ses are counted. Proportional gas flow·counters which 
are heavily shielded by lead or other metal, and.provided with an anti-coincidence shield to reject cosmic 
rays, are called Low background.beta counters. 

• Scintillation Counters. The beta particles transfer energy to a scintillator resulting in a 
production of light photons, which strike a photomultiplier tube converting the light photon to electrical 
pulses which are counted. This may involve the use of anthracene crystals, plastic scintillator, or Liquid 
scintillation solutions with organic phosphors. 

• liquid Scintillation Spectrometers. Liquid scintillation counters which use two phot0111.1Ltiplier 
tubes in coincidence to reduce background counts. This counter may also-electronically discriminate among 
pulses of a given range of·energy. 

Response: Window-type gas flow proportional counter (some having an 
automatic sample changer) liquid scintillation spectrometers manufactured 
by Beckman Instruments, Inc., are used for analysis. Our counting 
equipment meets_ the requirements •. 

3.5.3 Gamma Counting: 

• low-Resolution Gamma Spectrometers. The gamma rays interact with thalliun activated sodiun·-iodide 
or cesiun-iodide·crystal resulting in the release of light photons which strike a. phot0111.1ltiplier tube 
converting the light pulses to electrical pulses proportional to the energy of the gamma ray. Multi-channel 
analyzers are used to separate and store the pulses according to the energy absorbed in the crystal. 

• High·Resoluti on gamma Spectrometers. · Gamma rays intera~t with a Li thiun·drifted (Ge(Li)) or 
high-purity germaniun (HPGe) semiconductor detectors resulting in a production of electron-hole pairs~ The 
charged pair is collected by an applied electrical field. A very stable Low noise preamplifier amplifies 
the pulses of electrical charge resulting from the gamma photon interactions. Multichannel analyzers or 
coo.,uters are used to separate and store the pulses according to the energy absorbed in the crystal. 

™Jupiter·is a trademark. of Canberra Industries, Inc. 
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•Single Channel' Analyzers. Thall iun activatec(sodiun iodide crystals· used with a single. window• 
analyzer. Pulses from.the photon1.1ltiplier tubes are separated i_n_a single predeterminec:i'energy range. 

. . 

Response: H.i gh-resol ution gamma detectors (high purity Ge detectors for 
. both low and high· energies) from EG&G ORTEC and Pri.nceton Gama, Tech, 
well-type pure Ge detectors conne~ted to MCA .(Canberra's Jupiter system) 
·are available and used: for air filter analysis~ Our equipment exceeds · 
the .EPA r.equi rements. · 

3.5.4 Calibration of.Counters. Counters are calibrated for specific radionuclide measurement~ using 
&•standard of the radionuclide under either identical .. or v~ry similar conditions as the sample to be 
counted. For ganma spectrometers a series of standards covering the energy.range of interest may be used to 
construct a calibration curve relating ganma energy to counting •efficiency; . 

. In those cases where a standard is not available for a radio~uclide, counters may be calibrated using a 
standard with energy characteristics. as s_imi lar as possible -.to the radionuclide to be measured.· · For: gross 
alpha and beta measurements of the unidentified mixtures of.radionuclides, alpha counters are·calibrated 
with a natural uraniuli standard and beta counters with a cesiun-137 standard. The standard nust contain the 
same weight and distribution of ·solids as the samples, and be mounted in an identical manner. If the 
samples contain variable amounts of ·sol ids, cal ibratfon curves relating weight of sol ids present to. counting 
efficiency are prepared. Standards other than- those prescribed may be used provided it can be shown that 
_such standards ar_e more appl icabl'e to the radio~ucl ide mixture measured; ... . · 

Response: A mixedgama standard (NIST traceable) emitting various 
gama-rays ranging from 59 to 1850 keV is used, using.vendor~supplied 
calibration _so.ftware, for cons~ructing efficiency versus energy 
calibration curves for different geometrical configurations used in gamma 
ana 1 ys is/ The ca 1 i brat ion procedure for ·gamma ·ray. s pe~trometer is 

.documented in LQ.:.soa-003. Our ca:1 i brat ion procedure meets the EPA 
criteria for gamma ,ray spectrosc~pic analysis .. · · · · 

'. . , ·, ,' 

For calibration of beta detectors .for 90Sr/9°v analysis'/ procedure LQ-508-
.002 is used in conjunction with LQ-508-005. It meets the requirements of 

·· the EPA-suggested method. A method standard :a 1 so .. is used . to check the 
performance and _calibration of the detector. 

- For calibration· of alpha/beta proportional counters,. procedure·LQ-508-002 
is carried out.· It ,Partially dev_iates from the EPA·requirements·. For 
gross alpha and gross b_eta measurements', our instruments are ca 1 i brated 
with 241 Am_ and 6

.
0co stan~ards, respectively.· The ,reasons .for choosing the 

~
41 Am, standard .for calibration follow. · ·· · · 

s It is commonly found in 'the main staclc air samples .. 

e A 1 pha counting efficiency usua 11 y is the same for ,other· a 1 pha· 
emitters;that also are,found·in the air stack: samples 

" 

e · The 241 Am · standard al so· can ~-e .checked· indep~ndently by gamma 
analysis. The reason for ijsing the 6°Co standard in calibration is 

- the lower counting· efficiency with 6?co, (beta max =, 317 keV) 
compared to those with 137Cs: '(beta max = SU keV) and 90sr (beta 
ma:x = 546 keV). Consequent 1 y,, ·it wi 11 generate- conservat i v.e numbers 
in our analysis .. The calibration ·curves relating weight of solids 
present to count i•ng effi ci'enci es are not .done .. in a 1 pha/beta 
analysis;, but currently are· -being _evaluated. , . . · 

·3.6 Radiochemical Methods f~r.Selected Radion~clides. Methods· for a s~lec:ted list of radfonuclides 
are Listed .in -Table 1. · The radionucUdes listed. are those which are most commonly used and wliich hove the 

. . :., . ' . "' . '· " 
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greatest potential for causing doses to members of the public. For radionuclides not Listed in Table 1, 
methods based on any of the applicable 11principles .of measurement'-' _described in section 3.1 through 3.4 may 
be used. · 

Response: The air samples from the main stacks are well characterized. 
Some of the radionuclides identified (241Am, 238Pu, 239•240Pu, 90sr, 134Cs, 
137 Cs, 144Ce, 147Pm, 14C, 3H, and 131 I) are 1 i sted in Tab 1 e 1 of Method 114 
(EPA 1991) and are analyzed according to the approved methods aiven in 
the table. · Other radionucl ides (95Nb, 95Zr, 1291; 106Rh/1°6Ru, 113"sn, 125Sb, 
and 103Ru) not listed in the table are analyzed by the methods outlined 
in Method 114, depending ·on the type of emitted radiations. It is _ 
important to note here that the nuclides 95Zr, 95Nb, and 103Ru have nearly 
decayed to nondetectable levels because no product is being produced. 

3.7 Applicability of Gross Alpha and Beta Measurements. to Unidenti.fied Mixtures of Radionuclides. 
Gross alpha and beta measurements may be used as a screening measurement as a part of an emission 
measurement program to identify the need to do specific radionuclide analyses or to confirm or verify that 
unexpected radionuclides are not being released in significant quantities. · · · 

Gross alpha (Method A·4) or gross beta (Methods e-2·or B-4) measurements may also be used for the 
purpose of comparing the measured concentrations in the effluent stream with the Limiting 11Concentration 
Levels for Environmental Compliance11 in Table 2 of Appendix E. For unidentified mixtures, the measured 
concentration value shall be compared with the Lowest environinental concentration Limit for any radionuclide 
which is not known to be absent from the effluent stream. · 

Response: This is not applicable because the air effluents ·from the 
Hanford Site main stacks are w~ll characterized. However, gross alpha 
and beta analyses for weekly and daily air samples are routinely 
performed.in the 222-S Laboratory before starting specific radionuclide 
-analyses. Following this practice·, the facility can verify a significant 
release of a radionuclide into.the air- so corrective actions to minimize 
radionuclide emission- into the, environment can be taken promptly by 
facility personnel. The gross alpha and beta results from analysis are 
compared to those listed in the appendix of DOE Order 5400.5 (DOE 1990) 
for compliance. 

4.0 Quality Assurance Methods 

Each facility required to. measure their radionuclide emissions shall conduct a quality assurance 
program in conjunction with the radionuclide emission measurements. This program shall assure that the 
emission measurements are representative, and are-of known precision and accuracy and shall include 
aaninistrative· controls to assure prompt response when emission measurements indicate unexpectedly :Large 
emissions. The program shall consist of a system of policies, organizational responsibilities, written 
procedures, data quality spe~ifications, audits, corrective actions and reports. This quality assurance 
program shal L include the fol lowing program elements: · 

4,1 The·organizational structure functional responsibilities, levels of authority and Lines of 
c011111Unications for all activities ,related to the emissions measurement program shall be. identified 
and docunented. 

The company manual WHC_-CM=l-2, Organizational Charts and Charters, 
exh;b;ts the current company organizational structure and titles. This 
manual includes the organization's upper level management charters. 
Responsibilities for radioactive airborne emissions sampling activities 
are described in the main pat of this document. 

4.2 Aaninistrative contr"ols shall be-prescribed.to ensure prompt response in the event that emission 
Levels increase due to unplanned operations. 

See .Appendices As B, C, D, and E. 

4.3 The sample col.Lection and analysis procedures used in measuring the emissions shall be described 
· including where applicable: 
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4.3-The saq,le collectfon and analysis- procedures used in measuring-the emissions shall be described 
including where applicable:_ _ · · __ - · 

4.3.1 Id~ntification of s~q,ling sites and ~.r_ of saq,ling points,·including th~ rationale for 
site selections. 

See·Appendices A, B, .C, D, and E. 

4.3.2 A description of saq,l ing probes and representativeness_ of_- the; saq,les •. 

See Appendices, A,B, C, D, and E. 

4.3.3 A description of any- continuous monitoring system used to measure emissions, including the 
sensiti-vity_ of the system, calibration _procedures and frequency of_ cal ibrat_ion. 

See Appendices A, B, c,- D, and E. 
' ' ' . 

4.3.4 A description o_f the saq,le collection systems for each radioriucl ide measured, including 
frequency of collection, calibration procedures and frequency of calibration. · 

See Appendice~ ·A, B, C, D, and E •. 

4.3.5 A description of the. laboratory analysis procedures used for ·each.radionuclide measured. 
including fr~uency··of analysis calibration J:>rocedures_ and frequency of cal ibratfon. 

Response: 

Tota 1 a 1 pha/tota l beta act i J1ty · ·; s determined by procedure 
LA-508-110 or LA-508-114 on weekly· sam'pl es, and occasionally on. 
daily air samples, per collect.ion point. The calibration· 
procedure is documented. in LQ-508-002. It· - is done on 1 y when 
deemed necessary by·a responsible scientist. The counting 
system is recalibrated only in case of (1) major repairs or 
adjustments to _the power supply or detectc;,r or (2) calibration . 
shift as indicated by the instrument control ·standards~ The 
performance of the counting systems is checked by runnin~ the 
instrument control stan,dards (147Pm for low-energy beta, 0co 

· for mid-energy beta, 1 Cs for high-energy beta, and 241 Am for · 
alpha activity) separately. When a batch of air filter samples 
is run, a 11 the performance standards a_nd the background (for 
counting frequency refer-to L0-:150-115) also are run with it. 
To verify that the counting system is working properly, the 
standard values from analysis should fall w,ithiri the 
administrative Hmits set according to appropriate quality 
assurance program-plans (QAPI>) to be prepared in the-future. 

, . . 

• Our laborator~ meth~d fo( a~aly~is of ··alpha emitters (241 Am, 
238Pu, and 239

• 
40Pu) involves· var1ous- steps (LA-_549-112 for 

dissolution, LA..;943-123:' for· chemical separation, lA-542-101 for 
electrodeposition, and LA-508-051 for· final alpha 
sp~ctrometry). - The analysis of alpha emitters -is done 
quarterly on weekly/daily air filter samples. The energy 
reso 1 ut ion and ca 1 i brat ion of the AEA system over the energy · 
range·of-4 to 6 MeV are checked once a month by·the preventive 
maintenance (PM) procedure 2S18006.- · Efficiency calibration of 
the AEA is not needed in -- our analysis method because direct 

· comparison of -the sample with_ recoveries of the tracers (243Am 
and 236Pu) is made to determine the ~c._tivities of the 
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radionuclides present·in the sample. To carry out the sample 
analysis, AEA system performance is· checked once every 24 hours 
for alpha energy shift with a certified mixed alpha source 
standard. Each alpha energy peak identified in the standard 
must fall within administratively assigned certain channels 
{±10) on the MCA. For counting freqL!ency of performance check 
standards, procedure LO-15O-115 is referred to. The recovery 
of the radionuclides and the calibration of the system are 
checked on a batch basis by running a method standard- under the 
identical conditions as the sample • 

. ., The lab method for determining beta activity (89Sr, 90sr/9°Y) 
consists of a dissolution step {LA-5497 112), chemical 
separation {LA-22O-1O3), and total beta counting {LA-5O8-111). 
Analysis is done quarterly on weekly/daily air filter samples 
per collection point. The calibration procedure LQ-5O8-OO2 
{for window-type gas. flow proportional counter) is used in 
~onjunction with LQ-5O8-OO5. {mother/daughter case, i.e., 0sr/9°v in growth calibration). It is performed only when the 
responsible scientist finds it necessary. The reasons are the 
same as stated for total alpha/total beta. The performance of 
the counting system is checked once ~er shift b¥, running 
instrument contra 1 standards {60co, 1 7 Cs, a~g 14 Pm for beta 
activityH The complete procedure for the Sr/9°v analysis in 
the sample is carried out with a method standard Jseveral 
filter papers spiked with 90sr, 147Pm, 60co, 241Am, ~39Pu, and U) 
provided by the 222-SA Standard.Laboratory) on a batch basis. 
This checks the overall performance of our method. The 
chemical yield is determi.ned by usihg appropriate carrier. 

• Determination of beta activity {147Pm, 14c, aP,d 3H) involves. 
~rocessing {LA-549-112 and LA-613-111 for 14 Pm, LA-348-1O1 for 4C, and LA-218-112 for 3H), mounting in scintillation cocktail 
{LA-5O8-111), and finally, 1 iquid scinti 1 lation counting 
{LA-5O8~121). The 14 Pm analysis is done quarterly on 
weekly/daily air filter samples. The 14C and 3H analyses are 
done orf a composite of biweekly ga·s samples. For calibration, 
t~e- quality assurance {QA) secti_on of procedure LA-5O8-121 is 
referenced. _The calibration of the instrumeqt is checked by 
the manufacturer I s. supp 1 i ed sources · { 14C and H) and its 
software. . · 

For 147Pm analysis, the method· standard is run once per 
quarter. The. method standard. is always run with a batch of 

• samples for 3H ·and 14C analysis. · The results of the method 
standard checks the overall performance, including the 

. calibration of the counting system. The instrument calibration. 
check. is done a minimum of once a week {refer to LO-15O-115). 

' 

., For analysis of gamma emitters 95Nb, 95zr~ .134Cs, 137Cs, and 144Ce 
· the procedure LA-5O8-O52 is foll owed. Ana 1 ys is .is done 

quarterly on weekly/dailv air filter samoles. For analysis of 
riglatile radionuclides {1291? 131 1,. 106R~/106Ru, · 1~~Sn, 125Sb, and. 0 Ru) collected weekly on silver zeal ite cartridge, the. · 
procedure LA-288-1O1 is used in conjunction with procedure 
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LA'.""5QS.;..Q52. Calibration of the gamma ray spectrometer is done 
with the procedure documented in LQ-508-003-using·a ·(NIST· 
traceable) certified mixed gamma ray standard. It•is carried 
out only when it is deemed.necessary by a-responsible . 
scientist·. To check effidehcy and energy calibration· daily, 
the-performance of each detector of the GEA -system over the 
whole energy range is.done once every shift by runni~g a mixed 
ga111na s.tandard consisting · of 241 Am for 1 ow energy, 13 Cs for mid 

- energy, and 60co -for high eoergy. The results of each of these 
radionuclides should fall within the adminis.trative 1 imits set 
according to the appropriate QAPP to_ continue analysis of 
samples. The daily performance results -are,documented. Minor 
adjustments of the electronics (i.e., fine gain, pole zero of 
the amplifiers, lower level of discriminator·of analog-to
digital converter, etc.) are done from time to time when 
necessary for proper energy calibration. Whenever a minor 
electronic adjustment is done on· a detector, it is followed by 
analysis of a performance standard. For a major shift in the 
calibration, the system: is ·then thoroughly calibrated using 
LQ-508-003. 

e The content of ,the 222-S Laboratory's procedures, test.plans, 
-supporting documents, and drawings provide a sufficiel"1t level 
of detail to allow trained personnel to produce,quali~y results 
safely. Laboratory procedures are control 1 ed as requi1red by 
WHC-CM.;..5.:..4, Section 5.4', 11Analytical Laboratory Procedures. 11 

The-~pecific content of laboratory.procedures is defined by its 
author:, based on accepted methods _such as 40 CFR 61, 
Appendi.x B~ Method· -114 (EPA· 1991). The content 111ust be agreed 
to by the peer and-technical reviewers. While authors are 
responsible for the specific content of thei.r procedures, they 
address the topics below. · 

Summary - MANDATORY"."' A shor:t description or abstract of the 
procedure containing enough information to distinguish it from other 
procedures ~ . · 

-- Applications -. MANDATORY - Defines .the scope. and purpose of the 
specific procedure. This section may be combined w,ith the following 
element under.the title 11 Applications and Limit_ations. 11 

. Umitations - MANDATORY - Briefly describes those areas·· in which the 
· procedure is riot applicable.· A statement. of accuracy and precision 

wfl l be gi veri where appropriate. · · 

Quality Control Protocol - Procedures used to suppor_t environmental 
pr.ojec:tsthat hav~ specific quality control_ requirements. For these 
procedures, the source of the quality contra 1 requirements wi 11 be 
identified. The samples or project that this element applies to 
will be identified. The folJowing informati.on 1is typical of quality 
control· requirements: _frequency. and type of ca 1 ·; brat ion, reagent 
blank analysis, spike sample analysis, and duplicate sample 
analysis. · 
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Impact Leve 1 I dent ifi er - MANDA.TORY - An impact 1 eve 1 wi 11 be 
identified for each procedure following _WHC-CM-1-3, MRP 5.43, with a 
brief basis of determination statement. This MRP lists several 
descriptive paragraphs delineating what constitutes an Impact 
Level 1, 2, 3, or 4 activity. The following parts of MRP 5.43 cover 
most analytical laboratory procedures. 

1. Section 5, paragraph 6, part c., Impact Level 3 - work 
authorization documentation associated with work involving 
occupational hazards not covered by approved procedure, such as 
Operational Safety Assessments, Radiation Work Permits, or 
Industrial Safety Standards. 

2. Section 5, paragraph 6, part c., Impact Level 4 - Documentation 
for any activity not classed as Impact Level 1, 2, or 3. 

The laboratories• procedures are usually specific to one activity. 
These activities are well defined using corm1on scientific 
instrumentation and equipment operated in an acceptable manner. The 
chemicals and materials used are normally small quantities with 
limited potential for environmental or personnel safety impact. In 
general, the equipment used in the laboratory is not classified as 
Safety Class 3 or higher. 

i 

Safety~ MANDATORY - The procedure must i1dentifY applicable safety 
hazards. · 

The following documents identify Westinghouse Hanford Company 
(Westinghouse Hanford} safety requirements: 1 

• 
• 
• 
I) 

WHC-CM-4-3, Volume 1-3, Industrial Safety 
WHC-CM-4-10, Radiation Protection 
WHC-CM-4-15, Radiation Work Requirements and Work Permits 
Manual 
WHC~CM-4-29, Nuclear Criticality Safety. 

Supporting document WHC-SD-CP-LB-003, Safety in the Analytical 
Laboratory, is the laboratory general safety document. The authors 
must review safety requirements and include safety warnings 
appropriate to the actions directed by the procedure. 

Reagents - If the procedure requires analytical reagents, a list of 
reagents wi l1 be provided. The MSDS number wi 11 be placed in 
brackets by each chemical name. Reagent.makeup, storage container 
requirements, unique storage needs, shelf-life requirements, special 
labeling, and special preparation steps will be included. Special 
notations for any known or suspected carcinogen as listed on 
WHC-CM=4-3, Volume 2, Table 1, 11 WHC Master Carcinogen List, 11 will be 
made on the reagent list •. 

Reagent preparation described fully in other current Westinghouse 
Hanford documentation may be included by reference. 

Equipment - Special equipment needs will be listed. Standard hood 
or glovebox equipment is assumed to be available at the work station 
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and does not need to be _listed. :The fabrication.of off~standard 
equipment will be referenced or· described in this section. 

Procedure Steps - MANDATORY - A step-by-step description of
operations necessary to perform the task w,i 11 be presented in a 
logical and sequentially numbered order or an assignment of 
responsibilities. CAUTIONS and WARNINGS notations will.be included 
for the applicable safety hazard before the action_ is described.· 
Steps-with potential for criticality specification violati.on will be 

· identifie.d. Explanatory 11 Notes 11 may be included for clarification 
of process. -

Calculations - Calculations. required to complete the work will be 
described in this section. Examples with sample values may be 
included. All combined factors will be fully described and units 

_ noted. - · 

Calibrations-When calibrations are required, a description of how 
to carry out required calibrations wi 11 be· given. _ 

. . . . . ' . 

Discussion - A discussfo~ of:the theoretical aspects of the 
procedure. Brief identification of unique characteristics and 

,- interfaces to aid in troub 1 es hooting may· be ;; nc l uded. 

· References -- A referenc_e list of published _; nformati on. to -provide 
technical basis for the procedure may be_ included. 

The mandatory top·; cs are addreised in both procedures. However, the 
laboratories have technical, analytical, and administrative. 
procedures. _ Non-mandatory topics: are included if appropri.ate to th·e 
activity _covere_d by the procedure. · 

The cali.brations of ·all laboratory instruments are controlled by the 
Laboratory Instrument Calibration Control System (LICCS). The- LICCS 
documents the requirements f9r and_the performance of calibration 
activities for each analytical instrument or measurement device. 

4.3.6 A description of the saq>le flow rate- measurernint systems -o-r proced~res, including calibration 
procedures and·f~equency of calibration. 

See Appendices A~ B, C, o, and!. 

4.3.7 A description of the effluent flow rate measurement procedures, including-frequency of 
measurements, calibration procedures __ and frequency of calibration. __ · · · 

See Appendkes A, B, C, D, and t~ 
4.4 The objectives of the quality a~suranc~ program shall be doc~nted and shall state 'the required_ 
precision, accuracy and coq,leteness.of the emission measurement data including a description of the 
procedures used to,assess these parameters. Accuracy is the degree of agreement of a measurement 
with a true or known· value.· Precision is a measure of the agreement among individual measurements of 
the same parameters under similar conditions. _Coq,leteness is a measure of the amount of data · 
obtained compared to the amount expected under _normal conditions~ · 

The accuracy of analyses is 5=heckei using percent recovery. _The 
evaluation of .blind or known check standards provides the percent 
recovery._ 
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For both b 1 ind and . k.nown check. standards, percent recovery is .· 
calculated by the follpwing equation: 

Wher~: 

R P = ·100 • -
5
-. 
t: 

,: . 

P, ,;. ·Percent recovery 
R = Measured or recovered an~lyte concentration in the check 

standard 
s,_ ~·Concentration of analyte in the check standard. 

The 1 aboratori es do not use manua 1 w·. A. Shewhart control charts 
(Shewhart 1931). The Laboratory Measurement Control System (LMCS) 
is a software pack.age designed for support of management quality 
control decisions.· Each analytical measurement system has different 
control parameter requirements based on the use of specific 
standards •. The LMCS program provide a performance versus limits 
control chart for each standard. The average percent recovery (P') 
or 100%, depending on the,method, mark.s the center of the limit. : 
The upper and lower boundaries of the limits are multiples of the i 

· standard deviation (s) of the· average percent recovery. The. 1 abora
tory manager approves ~he LMCS limits, defined as P" ± ns, where n is 
a pos.itive number.- The values: for P and s are either performance 
based. In general,- management sets the warning limits at 2s and the 
control limits at 3s or their'equivalent; 

When the LMCS identifies an out-of-control method, it automatically 
initiates corrective action. The system issues an Off Standard 
Condition Report (OSCR).- The scienti.st in charge of the method must 
discover··and resolve the problem to close out the OSCR. Until the 
OSCR has been·clear, personnel can not perform any analyses by this 
method. After the scientist has· resolved the problem~ personnel 
evaluate all analyses performed since the last in-control point. 

The laboratories assess precision by examining the results from . 
split samples or laboratory duplicates. Percent relative difference 
measures t~e precision of analyses. Percent relative difference is 
computed by the following equation: 

Where:· 

RD= 100 • Sd 
X 

RD = Percent relative difference 
,sd '= :. The standard deviation estimate .pf the duplicate 'data set 
x~ The arithmetic m~an (average} of the duplicate-data set~ 
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The _initial QA object ht{ f<>r. ··compl eteriess of artalyses in .the 1 abora
tories is 90%.· This means that_ the goal is to.·produce µsable 
analytical data for a minimum of 90% of the analyses requested on 
all samples submitted to the laboratory •. The laboratory evaluates 
actual performance against the 90%·objective •. If the laboratory __ 
performance drops below this limit, management initiates corrective 

_ action. This action shall identify and correct those activities 
· within the laboratory that have caused -the .drop- in performance. 

- - . . ~ . - . . 

4.5 A· quality c~ritrol program shall be estab-lished to evaluate ~nd track_ the quality of the emissions 
measurement data against preset criteria. The program should Include where applicable a system of 

· replicates, spiked S8"'3les, spltt samples, blanks and control charts. The nunber and frequency of 
such quality control checks shall be identified. · · 

· The samples analyzed under this program consist of mounts made from 
preparat.i on of staclc fi 1 ters ~ Each samp 1 e collection point produces 
only one s~mple which is sent to the laboratory for analysis.· No 
replicate samples are available.· Repeat measurement of individual 
samples are made at the discretion of the_scientist in charge. 

As. a type ·of process. ·control samples, staclc filters ·are not subject 
to.matrix effects and radionuclide spilces are not used. However, 

. trace:fs elements ~43Am and 236Pu support the analysis· of 241 Am, 238Pu, 
and 2 9

•
240Pu in the quarterly:composite of weelcly filter samples. 

The lab_oratory does not split samples. There.is no guarantee that 
the distribution of m~terial on the filter.will be homogenous. 
Because ·of th.is, no subsampl jng procedure, ~uch a:s splitting, can be 
assured of producing. two representative· portions·.·· Al so, splitting 
the sample in ·effect dilutes the·sample, which would.-adversely 
effects the_ method detection limtts. 

Formal blanlcs are not available for- these· analysis. However, prior 
to the analysis of a batch of samples·, the baclcground of the 
counting instrument is checlced. This back.ground checlc as made-on 
each planchet and.planchet holder. 

Control charts and-standards-used in support of these· analy$is are 
described- in- Section. 4.4. · 

4.6 A sample tracking. system shall be established to provide ·for positive identification of samples 
and data through all phases of the sample collection, analysis and .reporting system; Sample handling
and preservation procedures shall be estabUshed to maintain the_ integrity of samples dur.ing 
collection,.storage'and analysis. ·· · · 

' ' ' 

These samples come from fixed sample points and ~re analyzed· 
according to established sample.schedules~ ._ When requesting an 
analysis, the customer accesses the laboratory's sample and 
information management system which connects t<> the database, where 
the customer enters the request for analysis.following LC-608-001, 
11 LCCS User. 11 The system generates the next available sample 
identification number and:transmits it to the customer~ The 
customer's activities, except for use of the laboratory's sample and 

· information systems, are not,covered by thelaboratory•s QAPP. 
' ' 

Sample traceability begins with the database issuance of a unique 
sample identification number to the requesting customer. With this 
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number the database references the date and time of the request, the 
customer's identification, the sample point, and type of analysis. 
Other information required to maintain the traceability of samples, 
such as date and time of sampling, is control led by t_he ·customer and 
is not covered bf th_i s QAPP. · · · 

For each requested analysis, the database generates an analytical 
card. The card lists the sample, .customer, and analysis requested. 
When ·the sample arrives at the laboratory, it is matched to its 
analytical card. The sample.is then carried through the analysis 
listed on the card. Due to the turnaround time required on these 
samples, they are not normally stored. If it should become 
necessary, the 222-S Laboratory has secure laboratory storage 
available. 

• 4.7 Periodic internal" and external audits shall be performed to monitor c~liance with the quality 
,assurance program. Th!i!Se audits shall be performed in accordance with written procedures and 
conducted by personnel who do not have responsibility for performing any of the operations being 
audited. · 

) 

Personnel within the laboratory and data quality perform internal 
audits on laboratory analytical activities. These internal audits 
do not supplant the activities of the organizations directed by 

. po 1 icy to perform company-wide audits. and survei l1 ances, nor does 
the laboratory QAPP cover them. · 

4.8 A corrective action program shall be established including criteria for when.corrective action is 
needed,.what corrective action will be taken and who is resp~nsible for taking the corrective action. 

The laboratories follow· the cor·rective action system· defined in 
WHC-CM-1=3:1 MRP 5.1, "Corrective· Action Management Systemo 11 In 
addition, for analytical work. the laboratories have an internal 
quality control system based· on the analyses of chemical standards 
that can initiate a corrective action request. 

4.9 Periodic reports to responsible management shall be prepared on.the performance of the emissions 
measurements program. These reports should include assessment of the quality of the data, results of 
audits and description of corrective actions. 

See Section 9.0 of the main body of this report. 

4.10 The quality assurance program should be docunented in a quality assurance project' plan which· 
should address each of the above requirements. 

The future Environmental Protection Project Plan and Laboratory 
Quality Assurance Program Plan will address quality.assurance for 
radioactive airborne.emissions sampling.and reporting. 
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APPENDIX H 

METHOD 114 COMPARISON FOR 325 LABORATORY 

3. Radionuclide Analysis Methods 

A series of methods based on "principles of 'measurement'".are described which are applicable to the 
analysis of radionuclides collected from airborne effluent streams at stationary sources. These methods are 
applicable only under the conditions stated and within the limitations. described. Some methods specify that 
only a single. radionuclide be present in the sample or the chemically separated sample •. This condition 
should be interpreted to mean that.no other radionuclides are present in quantities which would interfere 
with the measurement. · 

. Also identified· (Table 1) are methods for a selected list of radionuclides. The listed radionuclides 
are those which are most comnonly used and which have the greatest potential for causing dose to members of 
the public •. Use of·methods·based on principles of measurement other than those described in this section 
must be approved in advance of use by the Administrator.· For radionuclides not listed in Table 1, any of· 
the described methods may be used provided the user can demonstrate that the applicability conditions of the 

• method have been met. · 

The type of method applicable to the analysis of a radionuclide is dependent upon the type of · 
radiation emitted, Le., alpha, beta_-or gamma. Therefore, the methods described below are grouped 
according to principles of measurements for the analysis of alpha, beta-and gamma emitting radionuclides. 

3.1. Methods for Alpha Emitting Radionuclides. 

3.1.1 Method A-1, Radiochemistry-A.lpha Si:,ectrQmetry. 
C . 

Principle~ The element of interest is separated from other eleme11ts,.andfrom the safi1)le matrix 
· using radiochemical techniques. · The procedure' may involve precipitation, ion exchange, or s_olvent 

extraction. Carriers. (elements chemically similar to the element of interest) may be_us~. The element is 
deposited on a planchet in a very thin film by electrodeposition or by coprecipitation on a very-small 
amount of carrier, such as lanthanun fluoride. The d~posited element-is then counted with an a~pha 
spectrometer. The activity of the.nuclide of interest is fl!E!asured by the number of, alpha counts in the 
appropriate energy region. A correction for chemical' yield and counting efficiency is made using a 
standardized radioactive nuclide (.tracer) of- the same element. If a radioactive tracer is not available for 
the element of _interest, a pr_edetermined chemical yield factor may be used. · 

. Applicability: This method is applicable for determining the activity of any alpha-emitting 
radionuclide, regardless of what other radionuclides are present in the sample provided.the chemical 
separation step produces a very thin sample and removes all other radionuclides which could interfere in the 
spectral region of interest. APHA-605(2), ASTM·D-3972(13). 

The sample fnter is destroyed by digestion with.nitric acid. Activity 
ratios for ariy alpha emitters pre~ent are determlned by alpha spectral 
analysis of a thin-.film deposit prep'ared by electrodeposition of an 
aliquot from the digestion from a'.dimethyl sulfoxide matrix. The alpha· 
spectrometry system consists of alpha spectrometry modules con_nected to a 
pulse height analyzer. Activity of indfvidual alpha-emitting nuclides is 
calculated using the measured-alpha activity ratios and a total alpha 
measurement performed on an·aliquot of' the digestion solution. · 

3.1.2 Method A-2, Radiochemistry~Alpha Counting. 

Principle: The element of interest is separated froin other.elements, and from the sample matrix 
using radiochemistry. The procedure may involve precipitation, ion·.exchange,· or solvent extraction. 
Carriers (elements chemically similar to the element of interest) may be used. The element is deposited on a 
planchet in a thin film and counted with a alph~- counter. A'correction for chemical yield (if· necessary) is 
made. The alpha count rate-measures the total activity of all emitting radionu~lides of the separated 
element. · · 

. Applicability: This method is applicable ·for the measurement of any alpha-emitting_ radionuclide, 
provided no .other alpha emitting radionuclide is present in the separated sample. It may also be applicable 
for determining compliance,. when other radionuelides ·of th~ separat_ed element are· present, provided that the 
calculated emission rate is assigned to the radionuclidewhfoh could be present in .the sample·that has the 
highest _dose conversion factor. ID0-12096(18). 
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The technique of chemically separating and individually determining alpha 
emitting nuclides is employed only when filter sample dissolution 
produces a solution unsuitable for alpha spectrometry (Method 3.1.1). 
Counting systems described for Methods 3.1.1, 3.1.3, and 3.1.5 are 
employed in alpha counting operations relating to separated nuclides. 
Where isotopic measurements of a single element are required and the 
respective alpha energies do not permit satisfactory differentiation,· 
mass spectrometry is employed. · 

3.1.3 Method A-3, Direct Alpha Spectrometry. 

Principle: The sample, collected on a suitable filter, is-counted directly on an alpha spectrometer. 
The sample nust be thin enough and collected on the surface of the filter so that any absorption of ~lpha 
particle energy in the sample'or the filter, which would degrade the spectrun, is minimal. 

Applicability: This method is applicable to simple mixtures of alpha emitting radionuclides and only 
when the amount of particulates collected on the filter paper are relatively small and the alpha spectra is 
adequately resolved. Resolutions should be SO·keV (FWHM) or better, ASTM·D-3084(16). 

This method is not used to produce quantitative alpha data. Direct alpha 
spectral analysis does not provide spectra of_satisfactory resolution 
with currently used filter media. This method may be used to identify 
the chemi ca 1 separations, if any, required when Methods 3. l. 1 and 3. 1. 2 
are ·performed. · 

3.1.4 Method A-4; Direct Alpha Counting (Gross alpha determination). 

· Prfociple: The sample, collected on a suitabl'e filter, is counted with an alpha counter. The' sample 
. lffl.!st be thin enough so that self-absorption is not significant and the filter lffl.!St be of such·a nature that 

the particles-are retained on the surface~ 

Applicability: Gross alpha determination may be used to measure·emissions of specific radionuclides
only (1) when it is known that the sa~le contains only a single radionuclide, or the identity and isotopic 
ratio of the radionuclides in the sample are well known, and (2) measurements using either Method A-1, A-2 
or A-5 have shown•·that this method provides a reasonably accurate measurement of the-. emission rate •.. Gross 
alpha·measurements are applicable to·unidentified mixtures of ·radionuclides only for the purposes and under 
the- conditions described in-section 3.7. APHA-601(3), ASTM:D-1943(10). · 

Filter samples are counted directly in a .low background counting system. 
The system consists of a thin-window gas-flow proportional detector and a 
gas.;.flow proportional guard detector operated in anti"."coincidence, a high 
voltage supply, a low/wide beta amp/discriminator, a low/wide beta · 
amp/single channel analyzer, a·. timer, and two scalers. The system 
employs pulse height discrimination to differentiate alpha and beta 
activity •. This method is used to. screen filter samples for those. 
exhibiting. alpha activity levels sufficiently above detection limits to 
allow, application of Method. 3.Ll. An alpha scintillation counter 
employing a zinc sulfide detector is-employed to perform alpha, 
measurements. on filter samples exhibiting beta/alpha act.ivity ratios-high 
enough to introduce significant. uncertainty into alpha results. 

3:'1.5 Method A:5, Chemical Determ.ination of Uraniun •. 

Uraniun: Uraniun may be measured chemically by either colorimetry or fluorometry. In both procedures, 
the sample is dissolved, the uraniun is oxidized to·the hexavalent form and extracted into a suitable 
solvent. Impurities are removed ,from the solvent layer. For colorimetry, dibenzoylmethane is added, and the -
uraniun is measured by the absorbance in a colorimeter. ·For fluorometry, a portion of the solution is fused 
with a sodh.m fluoride-lithium fluoride flux and the uraniun is determined by the ultraviolet activated 
fluorescence of the·fused disk•in a fluorometer. · 

Applicability: This method is applicable to the measurements of emission rates of uraniLJD when the 
isotopic ratio of the uraniun radionuclides is well known. ASTM-E318(15), ASTM-D-2907(14). 
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The sample filter is destroyed by di:gestion with nitric acid·and·the 
resulting-solution is analyzed.directly in aqueous solution using a 
pulsed laser fluorimeter~ 

3.1.6 Method A-6, Radon-222-Continuous_Gas·Monitor. 

Principle: Radon-222 is measured directly in a continuously extracted sall')Le stream.by passing the 
air stream through a calibrated scintillation cell. Prior to the scintillation cell, the air stream is 
treated to remove particulates and excess moisture. Th·e alpha particles from radon-222 and its decay 
products strike a zinc sulfide coating on the inside of the scintillation cell producing Light pulses. The 
Light pulses are detected by a phot011L1ltiplier tube which generates electrical .pulses. These pulses are 
processed by the syst~ electronics and the read out is in pCi/l of radon-222. 

Applicability: This method· is applicable to the measurement of radon-222 in efffuent streams which do 
not contain significant quantities of radon-220. ·users of this method should calibrate the monitor in a 
radon calibration chari>er at Least twice per year. The background of the moni.tor should also be checked 
periodically by operating_ the instrllllent in a Low radon environment. EPA 520/1-89·009(24). . · 

In-line monitoring of effluent air streams is not included in.the· 
analytical plan for the segment of the emission monitoring program 
performed by the Analytical Chemistry Laboratory. · 

3.1.7 Method A-7, Radon-222-Alpha Track Detectors 

. Principle: Radon-222 is measured-directly in the effluent stream.us_ing alpha track detectors CATO). 
The alpha particles emitted by radon-222 and "its decay products strike a small plastic strip and produce 
submicron damage tracks. The plastic strip is placed in•a caustic solution that ·accentuates the damage 
tracks which are counted using a microscope or automatic counting ·system.· The ·nunber of tracks per unit 
area is corrected to the radon concentration in air using a conversion. factor der.ived from data generated in 
a radon calibration facility •. • · · · 

Applicability: Prior appro~al from EPA is req~ired. for u~e of this method. This method is only 
applicable to effluent streams which do not contain significant quantities of radon~220, unless special 
detectors are used to discriminate against radon 220; :This method may be used only when ATDs have-been 
demonstrated to produce data coq,arable to data obtained with Method A-6 •. Such.data should be submitted to 
EPA when requesting approval for the use of this method. EPA 520/1-89-009(24),. 

In...,line monitoring of effluent-air streams is not included in the 
analytical plan- ·for the segment of the emission monitoring program 
performed by the Analytical Chemistry Laboratory. · 

3.2 Methods for Gaseous Beta Emitting Radionuclides. 
'. 

3.2.1 Method B~1, Direct C~unting in Flow-Through'Ionization Chears. 

Principle: An foniz~tion chani>er containing a specific vollllle of gas which .flows at a given flow rate 
through the chani>er is used. The saq:,Le (effluent stream saq:,le) -acts as. the counting gas for the chani>er. 
The activity of the radionuclide is determined from the current measured in the ionization.chani>er. · 

Applicability: This method is ·applicable for measuring the activity of a gaseous beta emitting 
. radionuclide in an effluent stream that is suitable ·as a .counting gas; when nc, other· beta-emitting nucl ides 
are present. DOE/EP-0096(1 7), NCRP-58(23). 

In-H ne monitoring of effluent air streams is · not included in. the· ; 
analytical plan for the·segment of the emission monUoring program 
performed by the Analytical _Chemistry Laboratory. , . 

3.2.2 Method B-2, Direct_ Counting With In-Line or Off-Line Beta Detectors. 

Principle: .The beta detector is placed direc~ly i~the effluent-stream·cin-Line·) or an extracted 
saq:,Le of the-effluent stream is passed through a chani>er containing a· beta.detector (off-Line). The . 

· activities of the ·radionuclides.present in the effl_lJent·stream are determined from the beta count rat_e, and 
a knowledge of the radionuclides present and the relationship of the gross beta count rate,and the,specific 
radionuclide concentration.- .... ·· . . · ' . · · . · ·. 

. . 
. ' . 

Applicability: This methe>d is applicable only to radionucl ides with _maxinun beta partlcl-e energies 
greater then 0.2 MeV. This method may be used to measure emissions of specific radionuclides only when "it is 
known that the sample contains only a single radionuclide or the identity and isotopic ratio-of the 
radionuclides in the effluent stream are well known: Specific radionuclide analysis of peri.odic grab samples 
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may be used to identify the types and quantities of radionuclides present and to establish the relationship 
between specific radionuclide analyses and gross beta count rates. 

. ;: . ~. . . 

This method is applicable to unidentified mixtures of gaseous radionuclides,.only for the purposes and 
under the conditions described in section 3.7. · · 

In-line air stream samples are not included in the analytical plan for 
the segment of the emission·monitoring program performed by the 
Ana 1 yt i cal . Chemistry Laboratory. · 

3.3 Methods for Non-Gaseous Beta Emitting Radionuclides. 

3.3.1 Method B-3, Radiochemistry-Beta Counting. 

Principle: The element ·of interest is separated from other elements, and from the saf11:)le matrix by 
radiochemistry. This may.involve precipitation, distillation, ion exchange,· or solvent extraction. Carriers 
(elements chemically similar to the element of interest) may be used. The element is·deposited on a 
planchet, and counted with a beta counter. Corrections for chemical yield and decay (if necessary) are made •. 
The beta count rate determines the total activity of all radionuclides of the.separated element. Jhis method 
may also involve the radiochemical separation and counting of a daughter element, ·after a ·suitable period of 
ingrowth, in•which. case it. is specific_ for the parent nuclide. 

Applicability: This method is applicable for measuring the activity of any beta-emitting 
radionuclide, with a maxinun energy greater than 0.2 MeV, provided no other radionuclide is present in the 
separated saf11:)Le. APHA-608(5). 

The sample filter ·is destroyed· by digestion with nitric acid. Beta- . 
emitting nucl ides are determined by one··or more of the following methods: 

• ·Gama spectral analysis of a digestion solution aliquot for 
determination of thos.e nucl ides with associated gamm~ activitr• 

e Beta, abs·orption measurement of a .digestion solution aliquot by 
absorber counting in a ga~-flow proportional counter· 

• Chemical · separation of pure beta".'"emitting t1ucl ides, foll owed by 
counting in a--gas-flow proportional counter or liquid scintillation 
counter (Method 3 .. 3.3). · 

3.3.2 Method B-4, Direct Beta Counting .(Gross beta determination). 

Principle: The saf11:)le, collected on a suitable filter, is counted with a beta counter. The sample 
must be thin.enough so that self-absorption corrections can be made. 

Applicability: Gross beta measurements are applicable only to radionucl ides with maxinun beta · 
.particle energies greater than 0.2 MeV. Gross beta measurements may be used to measure emissions of specific 
radionuclides only (1) when it is known that the saf11:)le contains only a single radionuclide, and (2) • 
measurements made using Method B-3 show reasonable agreement with the gross beta measurement. Gross beta 
measurements are applicable to mixtures of radionuclides only for the purposes and under the conditions 
described in section.3.7. APHA-602(4), ASTM-D-1890(11) •. · 

Filter ·samples are counted directly in a Jow background countil"!9 system. 
The system consists of a: thin-window· gas;..flow proportional detector and a 
gas-flow pro port ion al guard detec.tor operat~d in. ant i-coi nci dence, a high 
voltage supply, a low/wide beta amp/discriminator, a low/wide beta 
amp/single channel analyzer, a timer, and two scalers. The system 
employs pulse height discrimination to differentiate alpha and beta 
activity. This method is used to screen filter samples for those . 

· exhibiting beta activity levels sufficiently above detection limits to 
allow application of Method 3.2.3. Absorption techniques. using a thin 
absorber are employed to perform beta measurement on filter samplers 
exhibiting.alpha/beta activity ratios high en·ough to introduc_e 
significant, uncertainty into beta results. 
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3~3.3 Method B·S, Liquid Scintillation Spectrometry. 

Principle: An ,aliquot of a· collected saq,le. or the result of some other chemical separation or 
processing technique is added•.to a.liquid scintillation ~•cocktail 11 ·which is•viewed by.photona.il.tiplier.tubes 
in a liquid scintillation spectrometer. The spectrometer is adjusted to' establish a channel or "window" for 
the pulse energy appropriate to ~he nuclide of interest. The act.ivity of the nuclide of interest is measured 
by the counting rate in the appropriate energy channel. Corrections are made for chemical yi.eld where 
separations are made. · · 

' ' 

Applicability: This method is applicable to any beta-emitting nuclide when.no other.radionuclide is, 
present in ,the saq,le or the separated saq:,le provided that it can be incorporated in the scintillation· · 
cocktail. This method is also applicable for saq,les which contain more than one radionuclide but only when 
the energies of the beta particles are sufficiently ·separated so that they can be ,resolved by. the· 
spectrometer. This method is most applicable to the measurement of low-energy beta emitters such as triti1.111 
and carbon-14. APHA.609(6), EML LV•539·17(19). . . 

The sample filter•is destroyed by digestion with nitric acid. When a 
single beta emitter is present, .only two low enel'gy beta emitters 
sufficiently separated in energy for spectral.resolution are·present, or 
a chemical separation isolates a single beta--emitting nuclide, the 
digestion solution is analyzed in a l,iquid scintillation spectrometer. 

3.4 Garrma Emitting Radionuclides 

3.4.1 Method G-1. High Resolution Gamna Spectrometry. 

Principle: The saq:,le is counted with a high resolutio~ ganina detector, usually either a G·e(Li) or a· 
high purity Ge detector, connected to a multichannel analyzer or con.,uter. The gamna emitting.radionuclides 
in the saq:,le are measured·from·the gamna count rates in the energy region~ characteristic of the individual 
radionuclide •. Corrections are made for counts contributed by other radionuclides to the spectral regions of 
the radionucl ides of interest. Radi.ochemical separations may ·be made prior to counting but are usual Ly not 
necessary. · · · · · 

' ' ' 

Applicability:.This method· is applicable to the measurement of any gamna emitting radionuclide with 
ganma energfes greater than 20 keV. It can be applied to coq:,lex mixtures of radi.onuclides. The saq:,les 
counted may .be in the form of. particulate filters; absorbers, liquids or gases. The method may ,also be 

· applied to the analysis of gaseous gamna:emitti.ng .radionuclides directly in ·an effluent stream by 'passing 
the stream through a chamber ·or cell .containing. the ,detector. ASTM-3649(9), ID0-12096( 18); 

Filter and charcoal cartridge samples are counted directly on a high
resolution intrinsic germanium detector. The system consists of the 
detector, .. a bfas supply, a spectrometry ampJifier, an analog~to-digital 
converter, and a pulse_height _analyzer linked to a multiuser system. 

3.4.2 Method G-~. Low,Resolution Gamna Spectrometry. 

Principle: The saq:,le is counted with a low resolution gamna detector, a thalli1.111 activated sodi1.111 
iodide·crystal. The detector is- coupled to a photona.iltiplier tube and connected to a nultichannel analyzer. 
The ganma emitting radionuclides in the saq:,le are measured from·the ganma count ·rates in the energy regions 
characteristic of the individual radionuclides. Corrections are made for-counts contributed by other ra· 
dionuclides to the spectral regions· of the radionuclides of interest. Radiochemical separation may be used 
prior to counting to obtain l_ess coq:,l_ex ganina spectra if needed. 

Appl icabil itv: This method is appl ic~bl~ to- the measurement of ganma emitting radionuclides with 
energies greater than 100 keV. rt can be applied only,to relatively siq:,le mixtures of gamna emitting 
radionuclides. The saq:,les counted may be in·the form of particulate filters, absorbers, liquids or gas. The 
method can be applied to the analysis of gaseous radionuclides directly- in an effluent stream by passing the 
gas stream, through a· chamber or cell containing the detector. ASTM·D-2459(12), EMSL·LV~D539-17(19). 

Charcoal cartridge samples are-counted directly on a 4-in. by s~in 
thallium-activated .sodium. iodide detector. The system-c~msists of the 

. detector, a high voltage supply, a preamplifier, a linear amplifier, an 
analog-to.;.digital converter, and a pulse height analyzer linked to a 
multiuser system. This method .is used to screen charcoal cartridge 
samples for those samples exhibiting gamma activity levels sufficiently 
.above detecti.on limits to permit gamma component ident.ification by high-
resolution gamma spectrometry. · 
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3.4.3 Method G-3,· Single Channel Gamma Spectrometry. 

Principle: The saq,le is counted with a thalliun activated sodi1.1n iodide crystal. The detector is 
coupled to a phot011L1ltiplier tube connected to a single channel analyzer. The activity of a·garnna emitting 
radionuclide is determined from the garnna counts in the energy range for which the counter is set; 

· Applicability: This methoci' is applicable to the measurement of ·a single garnna ·emitting radionuclide. 
It is not applicable to mixtures. of radii>nuclides. The saq,les counted may be in the form of particulate 
filters, absorbers, liquids or gas. The method can-be applied to the analysis of gaseous radionuclides 
directly in an effluent stream by passing the_gas stream through a chamber or cell containing the detector. 

Single channel ganma spectrometry is not employed at the Analytical 
Chemistry Laboratory~_ · 

3.4.4 Method G-4, Gross Gamma Counting.· 

Principle: The saq,le ·is counted-with a gamma detector usually a thall iun activated sodiun iodine. 
crystal~ The detector is coupled to a_phot011L1ltiplier tube and gamma rays above a specific threshold· energy 
level are counted. . · 

Appl.icability: Gross gamma measurements may be used to measure emissions_ of speci.fic radionuclides 
only when it is known that the saq,le contains a single radionuclide or the identity and isotopic ratio of 
the radionuclides in the-effluent stream are well known. When gross garnna measurements are used to 
determine emissions of specific radionuclides periodic measurements using Methods G-1 or G-2 should be·made 
to demonstrate that. the gross gamma measurements provide reliable emission data. This method may be applied 
to analysis of gaseous radionuclides directly in an effluent stream ~Y placing the detector directly in or 
adjacent to the effluent stream or passing an extracted saq,le of the effluent stream through a .chamber or 
cell containing the detector. · · · · · 

' . . . 

Gross ganma counting techniques are not included in the ana•lytical .plan 
for the segment of the emissions monitoring program performed by the 

· Analytical Chemistry Laboratory.· 

.3.5 Counting Methods. ·All of the methods with _the exception of Method A-5 
involve counting the radiation emitted by the radionuclide. Counting methods applicable to the measurement 
of alpha, beta and'gamma radiations are Listed below. The· equipment needed and the counting principles· 
involved are describeclin detail in ASTM-3648(8) ~ · 

3.5.1 Alpha Counting: 

•·Gas Flow Proportional Counters. The alpha·particles cause ionization in the counting gas arid the 
resulting electrical pulses are counted. These counters may be· wi.ndowl.ess or have very. thin windows. 

• scintillation Counters. The. alpha particles transfer energy to a scintillator resulting in, 
production of .light photons which strike a phot011L1ltiplier tube converting the light photons to electrical 
pulses which- are counted. The· counters may involve the use of solid scintillation materials such as zinc 
sulfide or liquid scintillation solutions. 

. • Solid-State Counters. ·Semiconductor materia[s, such· as· silicon surface-barrier p-n junctions, act as 
solid ionization chambers. The alpha particles· interact which the detector producing electron hole pairs. 
The charged pair is collected by an applied electrical field and the resulting electrical pulses are 
counted~ 

• Alpha Spectrometers. Semiconductor detectors used in conjunction with multichannel analyzers for 
energy discrimination. · 

e Gas-Flow·Proportional Counters. A thin-window·gas-flow.proportional 
counting system-·is employed to perform Methods 3.1.2 and 3.1.4. 

• Scintillation Co.unters .. An alpha scintillation counter· equipped 
with a zinc sulfide detector may be employed to perform Method 
3.1~4~ . . 

e Solid State Counters~ Solid state semiconductor detectors are ' 
employed in alpha· spectrometry Methods 3.1.l and 3.1.3 and in gross 
a 1 pha measurements associated with Methods 3. 1. 2 and 3. 1. 4. 
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• Alpha Spectrometers. Solid state semiconductor detector' equipped 
pulse height ana 1 yzers are emp 1 oyed to perform Methods· 3. 1. 1 and 
l.1.3. . 

• Liquid Scintillation Spectrometers. Liquid·scintillation 
spectrometer systems·designed to discrimtnatebetween alpha, beta, 
and gama activity on a pulse shape basis are not currently·_ 
operational at the Analytical Chemistry Laboratory. Scintillation 
techniques that discriminate between alpha and beta activity on a 
pulse height basis are not included in the analytical plan for the 
emissions monitoring program performed at the Analytical Chemistry 
Laboratory. 

3.;.2 Beta Counting: 

• Ionization Chari>ers. These chari>ers contain the beta-emitting nuclide in gaseous form. The 
· ionization current produced is measured. 

. • Geiger-Muller (GM) Counters-or Gas Flow Proportional Counters •. The beta-particles cause ionization 
in the counting gas and the resulting electrical pulses are counted. Proportional gas flow counters which 
are h~avily shielded by lead or other metal, and provided with·an anti-coincidence shield to reject cosmic 
rays, are cal led low background beta counters·. · 

. .. . . 

• Scintillation Counters. The beta particles transfer energy to a·scintHlator resulting in a 
production of light photons, which strike a photomultiplier tube converting the light photon to electrical 
pulses which are counted. This may involve the use of·anthracene crystals, ,plastic scintillator, or liquid 
scintillation solutions·with organic phosphors. 

• Liquid Scintillation Spectrometers. Liquid scintillation counters .wh'ich use two photomultiplier 
tubes in coincidence to reduce background counts. This counter may 'also. electronicatly discriminate among 
pulses of a given range of energy. · 

• Ionhation- Chambers. The analytical plan for the ·segment of .the 
emissions monitoring program performed by the Analytical Chemistry 
Laboratory doe$ not include samples. suited .to this counting . 
technique. · · · 

•· Gas!""Flow Proportional Counters. A thin window gas-flow proportional 
counting_. sys~em is emp 1 oyed ~o perform Methods 3. 3 .- 1 and 3. 3. 2. · 

• Scintillat.ion Counters. · Solid state beta scintillation detectors 
are not currently included in the analytical plan for the segment of 
the emissionsmonitoring program,performed by the Analytical 
Chemistry Laboratory. 

. . '. 

• Liquid Scintillation Spectrometer. Liquid scintillation • 
spectrometer systems designed to discriminate between alpha, beta, 
and gamma activity on a pulse shape basis are no-t currently .. 
operational at the Analytical Chemistry Laboratory. Scintillation 
te_chniques that discriminate between alpha and beta activity on a · 
pulse height basis are not included in the analytical plan for the 
emissions monitoring p,rogram. performed at the Analytical Chemistry 
Laboratory. 

3.5.3 Gamma Counting: . . . . 
•low-Resolution GaDIRB Spectrometers. The ·gamma rays interact with thallhn activated sodium iodide .or 

cesium iodide crystal resulting in the release of light photons.which .strike a photomultiplier tube ·convert
ing the light pulse_s to electrical pulses proportional to the ener:gy of the gamma ray. Multi-channel . 
analyzers are used .to separate and store the pulses according to the eriergy absorbed in the crystal. 

•High-Resolution gamma Spectrometers. Gamma rays interact with. a tithi1.111·drifted (Ge(Li)) or 
hi_gh·purity germanium (HPGe) semiconductor detectors resulting in a production of electron-hole pairs. The 
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charged pair is collected by an applied electrical field. A very stable low noise preafl1)lifier afl1)lifies the 
pulses of ·electrical charge resulting from.the gamna photon interactions. Multichannel analyzers or 
computers are used to separate and store the pulses according to the energy_absorbed-in the crystal. 

• single ChaMel Analyzers. Thalliun activated sodiun iodide crystals used with a single window 
analyzer. Pulses from the photonultiplier tubes are separated in a single predetermined energy range. 

• Low Resolution Gama Spectrometers. A 4-in. by 5-in •. thallium
activated sodium iodide detector is employed to perform Method 
3.4.2. 

• High Resolution Gama Spectrometer. A high-resolution intri.nsic 
germanium detector is employed to perform Method 3.4.1 .. 

•- Single Channel Analyzers - Single channel gama spectrometry is not 
included in the analytical plan for the emissions monitoring program 
performed a~ the Analytical Chemistry Laboratory. 

3'.5.4 Calibration of Counters. Counters are calibrated for specific radionuclide measurements using a 
standard of the radionuclide .under -either identical or very similar conditions as the safl1)le to be counted. 
For ganma spectrometers a series of standards covering the energy range of· interest may be used to construct 
a calibration curve relating gamma energy to counting efficiency. 

In those cases where a standard is not available for a radionuclide, counters may be calibrated using a 
standard with energy characteristics as similar as. possible to the radionuclide to be measured. For gross . 
alpha and beta measurements of the unidentified mixtures.of radionuclides, alpha counters are calibrated 
with a natural- uraniun standard and beta counters with a cesiun-137 standard. The standard must contain the 
same weight and distribution of -solids as the safl1)les, and be mounted in an identical manner; If the safl1)les 
contain var_iable amounts of sol ids,. calibration curves relating weight of sol ids present to counting 
efficiency are· prepared. Standards other than those prescribed may be used provided- it can be shown that 
such standards are more applicable to the radionuclide .. mixture measured •. 

The thin-window gas-flow proportional counter tha~ is used for filter: 
sample·screeriing·for positive amounts of alpha and beta activity using 
Methods 3.1.4 an~ 3._3.2 is ~alibrated for the alfha-emi~ting n~clide 
239Pu and beta-em1ttrng nucl1des 90SrY, 99Tc, and 37Cs using Nat1onal 
Institute of Standards and Technology (NIST) traceable standard reference 
materials fabricated into the filter sample counting geometry 
· configuration. Efficiency data measured for 239Pu have been demonstrated 
to be applicable to all alpha-energies greater than 4.0 MeV. The 
analytical program specifies that all net beta measurement amounting to 
less than the 2 sigma uncertainty in the measured beta counting 
background will be reported as less than a detection limit based on that 
2 sigma quant ;ty and ca 1 cu lated as 90SrY. Gross beta results for fi 1 ter . 
samples exMbiting- positive beta activity are calculated using ·an 
efficiency that is weighted according to components identified in the 
sample using Method 3. 3. L 

- . 

The high-resolution gama ray spectrometry system that is used for 
quantitative gamma spectral analys;s of filter and charcoal cartridge 
samples, Method 3;4.1, is efficiency calibrated using a mixed nuclide 
certified standard and individu·a1 NIST traceable· standard reference 
so 1 ut 1 ons of 60co, 131 I, 133Ba, 137 Cs, and 152Eu fabricated into the 
charcoal cartridge counting geometry configuration. The emissions 
mon;toring program plan (PNL 1990) specifies that charcoal cartridge 

· samples exhibiting no 131 1 activity at the 364 f,eV principal gama energy 
·· sha 11 be reported as containing 1 ess than an 1 1 I ·detection 1 i mi t -

calculated using the 2 sigma u·ncertainty in the measured spectrum 
baclc.gro,und at that energy.· 
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. . , ' , ' , . . ' ·. 
. . 3.6 Radiochemical Methods for Selected Radionucl ides·. Methods- for a. selected list of· radionucl ides 

are listed in.Table 1. The radionuclides listed are those which are most conmonly used and which hove the 
greatest potential for ·causing doses to menbers .of the public. ·for radionucl ides not listed·. in Table -1, 
methods based·on any of the·applicable •.•principles of.:measurement11·described'in section 3.1through 3.4-may• 
be used. · · · 

Filter .and charcoal.cartridge samples found to contain significant alpha, 
beta, or ga11111a activity components during screening under Met.hods 3.1.4, 
3.3.2, and 3.4.2 that cannot be quantitatively determined by gama 
spectral analysis using Method 3.4.1 are analyzed using counting Methods 
3.1.1, 3.1.2~ and 3.3.1. Volume 7 of the Analytical Chemistry Laboratory 
Manual (PNL 1990) .contains established procedures for separation and 
measurement of selected radfonuclides. not specifi'c to the emissions 

·monitoring program plan that can be .applied to filter and charcoal sample 
analysis. · · 

3.7 Applicability of Gross Alpha and Beta Measurements to Unidentified Mixtures of Radionuclides. • 
-Gross alpha and beta measurements inay be used as a screening'measurement as a part of an emission 
measurement program to identify-the need to do specific radionuclide analyses or to confirm or verify that 
unexpected radionuclides are.not being released in significant quantities. · 

Gross alpha (Meth~ A-4) or gross beta (Methods B-2 or B-4) measurements may also be used for t_he 
purpose of c~ring ·the measured concentr-ations in the effluent stream with the limiting "Concentration 
Levels for Environnental Compliance" •in Table 2 of Appendix E. For unidentified mixtures, the measured 
concentration value shall be c~red with the lowest·envirorvnental concentration. limit for any radionuclide 
which is not known to be absent from the effluent stream. 

Methods 3.lo4 and 3.3.2 gross activity measurements.are used only as a 
screening procedure to identify those filter samples containing 
significant amounts of alpha. and beta activity, respectively. Detection 
limit values calculated using the 2 sigma. uncertainty in the respective 

-measured back.grounds· are reported. for samples exhibiting net activities· 
less than these uncertainties. · 

4.0 Quality Assurance Methods 

. Each . facility required to measure their radionuclide emissions shall · conduct ·a·· quality assurance 
program in conjunction with· the radionuclide emission measurements •. This program shall assure that the· 
emission measurements are representative, and are of .known precision and-accuracy and shall include 
administrative controls to assure prompt response when emission measurements indicate unexpectedly large 
emissions. The program shall consist of a system of policies, organizational responsibilities~ written 

· procedures, data quality specifications, audits, corrective, actions and reports. This quality assur,ance 
program shall include the fol lowing program el'ements: 

-4.3.5 A description of the laboratory analysis·procedures used for each radionuclide measured • 
. including frequency of analysis -calibration procedures and frequency of calibration. 

P·articul ate· matter filter samples:· and gaseous material charcoal 
absorption samples are collected from the various sampling sites on a : 
scheduled, · usua 11 y week.1 y, ·basis by Westinghouse Hanford personnel • 
These samples are delivered to the.Analytical Chemistry Laboratory,. 325 
Building, 300 Area. · · 

Calibration procedures for all counting instruments employed in the 
performance of analytical measurements described for emission monitoring 
program samples in Volume 6·of the Analytical Chemistry Laboratory Manual 

_ are· documented:: in that manual (PNL 1990). · · · 

The filter and charcoal cartridge samples that constitute the Analytical 
Chemistry Laboratory emissi.ons· monitoring program rarely exhibit• positive 
gross alpha, gross beta, or gamma activity, excepting natura l1 y occurring 

- . , ' ' . 
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radon daughter activity when certain atmospheric conditions exist. For 
samples exhibiting net activities less than the 2 sigma uncertainty of 
the applicable counting instrument measured background, these 2 sigma 
uncertainties are used to calculate maximum possible limits· for possible 
alpha, beta, and gamma emissions. Calculation conventions for gross 
count data are described in Table II; Section 3.5.4, Cal;bratio,,.·of· 
Counters (PNL 1990).. · . . 

Filter samples exhibiting net alpha activity greater than the 2· sigma 
uncertainty in the measured beta counting system backg·round .are · 
quantitatively analyzed by chemical destruction of the filter.medium 
followed by· direct .total alpha and alpha spectral measurement of the 
resulting ~o1ut1on. · · 

. Filter samples exhibiting net beta activity greater than the 2 sigma 
uncertainty in the measured. alpha counting .system background are 
quantitatively analyzed by direct high-resolution gamma··ray spectrometry. 
When data indicate possible presence of pure beta-·emittinJ! radionucl ides 
il} a fi-lter sample, quantitative analytical methods for· 9 SrY, 99Tc,. and . 
1 Pm, documented in Volume 7 of the Analytical Chemistry Laboratory 
Manual (PNL 1990) are performed. · · 

4.5 A quality contro.l program shall• be established to evaluate and track the quality of the emjssions 
· measurement data against preset criteria. The program should Include where applicable. a system o,f . · 
replicates, spiked saq,Les, split samples,,blanks and control charts. The number and frequency of such 
quality control checks shall be identified. · 

Qua1i-ty·control procedures governing calibration and control of counting 
instruments emp-1 oyed in the emissions monitoring program. are documented 
in Volume 6 of the Analytical Chemistry Laboratory Manual (PNL 1990). 
Counting··'ii1strument performance is monitored by the use of 11 control 11 

sources consisting of selected radionuclides exhibiting energy range 
extremes whi.ch are established simultaneously with instrument 
calibration. Control sources are remeasured daily; so. long as a control 
measureme11t result falls within 3 sigma limits established for the 
original control data, instrument calibration is assumed to remain valid. 
Should a control count exceed a 2 sigma limit~ a remeasurement is . · 
performed; should- both measurements fall outside a 3 sigma limit, the 
instrument is referred-'to a cognizant scientist for further testing and 
referral to instrument repair services. When an instrument is returned 
to service,· it is recalibrated and new controls are established. Alpha 
proportional countin~ syste'!'s are controlled usir.g. 239Pu sources, alpha 
spectral analyzers w1th a mixed 237Np + 239Pu + 24 Am source,. and beta. . 
proportional counting systems with individual 99Tc, 147Pm, and· 90SrY · 
sources. . High r,eso l u.t l Ofr gama spectral anal y~,rs are contrg 11 ed wUh 
either a mixed 41 Am + 3 Cs + 60co source or a· Eu + 137Cs + 0co source, 
while low resolution gama spectral analyzers are controlled·with 
individual 5.7co and 60co sources. . 

Count frig system backgrounds are measured at least onc.e- each- working .day; 
long background measurements are performed over weekends._ · 

A control chart is used to evaluate current performance of each counting 
instrument and to _identify trends·in performance. Control of each 
instrument is determined at least once each working day before. the· 
instrument is used. All calibration data, control data, and background 
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d~ta are recorded directly into a laboratory record:book dedicated to 
that. specific· instrument. Control charts.· and:Jnstrument maintenance and· 
repair records are included in the same volume. · 

The:: individual procedures for ·quantitative determination of speci fie 
nuclides documented in Volume7 of· PNL (1990) specify;replicate. analysis, 
i nterna 1 s.tandards, and other qua 1 i ty-re 1 a:ted operations in performance 
of rad i ochemi ca 1 ana 1 ys is · whe.re app 1 i cab 1 e. · 

· REFERENCE 

PNL, 1990, Ana 1ytica1 Chemfstry laboratory ·Manua 1; Volumes 6 and 7, 
PNL-MA-597, Pacific.Northwest Laboratory, Richland, Washington. 
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