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1.0 PURPOSE OF TEST

The purpose of this test is to characterize Double Contained Receiver Tanks (DCRTs) 241-A-
244, 241-BX-244, 241-S-244, and 241-TX-244 headspace gas composition and headspace
ventilation rate. This information will be used to support the safety analysis and closure of the
Flammable Gas Unreviewed Safety Question for these facilities. This task is performed in
support of Tank Safety Issue Resolution activity FGW8020.

2.0 DESCRIPTION OF TEST

The Objective of this test is to measure the baseline gas composition and ventilation rate of the
tank headspace. This is accomplished using sampling and tracer gas injection methods that
have been successfully applied to single-shell tanks (SSTs) (Huckaby 1997). Revision 1 of this
document incorporates lessons learned in the initial testing of DCRT 241-TX-244. Initial testing of
DCRT 241-TX-244 was accomplished using Revision 0A of this document. Revision 2 of this
document incorporates lessons learned in subsequent testing. Testing of DCRTs 241-A-244,
241-S-244, and 241-BX-244 were accomplished using Revision 1.

Prior to the tracer gas injection, a set of three baseline SUMMA™ canister samples will be
collected from the headspace through the sample point. These samples will become the baseline
samples for the tank to establish the gas concentrations. Prior to the baseline samples being
taken the sampling system shall be purged using a Combustible Gas Meter (CGM) or Organic
Vapor Monitor (OVM) to fill the sample system tubing with headspace gas. The requirements for
analysis of these samples are given in section 4.0.

Helium will be injected into the headspace of the designated tank through the assigned injection
point as specified by the vapor cognizant engineer. The volume of helium injected will be
specified by the vapor cognizant engineer and will be determined from the measured pressure
decrease of the helium supply. The flow rate of the tracer gas being injected into the tank will be
controlled to less than 227 L/min (8CFM) by the use of an orifice. Within one to four hours
following completion of the helium injection, the second set of SUMMA™ canister samples will be
collected. These samples will establish the starting helium concentration for the tracer gas
measurement. After approximately one day following completion of the tracer gas injection, one
more set of three SUMMA™ canister samples will be taken. Additional sets of three SUMMA™
canister samples will be taken if needed at hold times specified by the vapor cognizant engineer.
The results from these samples will be utifized to calculate the tank ventilation rate.

21 Test ltems
211 Equipment and Facilities
The equipment needed for testing each tank is:

e Tracer gas injection system (Figure 1 and 2). This is the existing equipment used in
the gas injection/sampling of SSTs,

e SUMMA™ canisters (supplied by Pacific Northwest National Laboratory),

e Particulate air filters for SUMMA™ canisters (supplied by Characterization Project
Operations [CPO]), and

e Bottled Helium supply (supplied by CPO).
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2.1.2 Tracer Gas

Helium is inert (even in the radiation field of the headspace) and essentially insoluble in the
waste. Helium is expected to mix within the headspace in a manner simitar to hydrogen.
Because it is present in ambient air at about 4 ppmv, injection of enough gas to raise the initial
concentration to between 4,500 and 10,000 ppmv will resuit in a measurable range spanning
three orders of magnitude. This is adequate for the anticipated range of ventilation rates. Itis
anticipated that a maximum of thirty standard cubic feet of helium will be required to reach the
helium concentration levels required by these tests.

22 Data

The test data that will be required from field operations is identified in the data sheet in Appendix
A. Data required from laboratory analysis of the samples is identified in section 4.0.

2.3 Data Evaluation

The evaluation and reporting of the data from the SUMMAW canisters shall be performed by the
Safety Issue Resolution Organization.

2.4 Expected Results
2.4.1 Gas species and Concentrations

The gas species to be measured are those listed in section 4.2. This list is based on results from
many vapor samples from the headspaces of single-shell and double shell tanks (DSTs). Since
the waste that may be in the DCRTs being tested originated from the SSTs and will eventually be
transferred to DSTs, it is expected that the same gas species will be encountered. The
concentrations of these gas species are not known and to measure the concentrations is one of
the test objectives.

The gases with estimated quantitation limits specified in Table 2 shall be measured by Pacific
Northwest from the SUMMA™ canister samples. Ammonia concentration shall be measured by
Industriai Hygiene at the time of the baseline sample collection as discussed in section 4.7.

2.4.2 Headspace Ventilation Rate

The headspace of the DCRT system receiver tank is actively ventilated, however a dedicated air
inlet is not provided for the tank. Therefore, purge air is supplied to the tank headspace by in
leakage through tank penetrations or from the process instruments. Ventilation through the
headspace is expected to be bounded on the low end by the purge flow through the instrument
tubes of approximately 4 cfh (cubic feet per hour) and on the high end by the exhaust rate of the
DCRT system exhauster of approximately 100-125 cfm (cubic feet per minute). ' The actual
ventilation rate is expected to be in the range of 1-10 cfm (Peurrung 1998).

The ventilation rate in the receiver tank will be calculated from the measured decay in
concentration of an injected tracer gas (helium) between two or more points in time. The initial
concentration of the tracer gas wili be measured after injection of the helium. Previous testing in
waste tank 241-S-102 has demonstrated that tracer mixing in the headspace is essentially
complete after one hour (Huckaby 1997). The starting concentration will also be estimated using
the estimated volume of the tank headspace and the measured volume of injected helium. The
final concentration(s) will be measured from vapor sample(s) obtained after the specified holding
time(s).
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The hold time between injection of the tracer and collection of the final sample will depend on the
tank headspace volume, initial concentration, and the desired resolution of the breathing rate. If
the helium concentration decays to below 10 ppmv (detection limit), then the only conclusion that
can be drawn is that the breathing rate must be equal to or greater than the breathing rate
calculated using this time lapse. Therefore, the resolution of the ventilation rate desired (i.e. is it
desired to know if it is greater than 1, 5, or 10 cfm) will set the hold time prior to obtaining the final
sample.

3.0 ROLES AND RESPONSIBILITIES
3.1 Safety Issue Resolution

The Safety Issue Resolution (SIR) Organization is responsible for the test engineer functions
including test specification, test resuits interpretation and reporting, assignment of task
responsibilities, and funding of test tasks.

32 Characterization Project Operations

The Characterization Project Operations (CPO) organization is responsible for test planning by
generation of the work packages and engineering documents required to perform the field
sampling activities and performance of the activities specified in the field work packages
(preparations for sampling, sample collection, sample shipment, etc.). CPO is responsible for
supplying the materials and equipment as specified in section 2.1.1. The vapor cognizant
engineer is 2 member of the CPO organization.

3.3 Pacific Northwest National Laboratory (Pacific Northwest)

Pacific Northwest is responsible for analysis of the vapor samples per section 4.0 and reporting of
the results to SIR. . Pacific Northwest is also responsmle for supplying the SUMMA™ canisters
specified in section 2.1.1.

4.0 Sample Analysis

Sample analyses performed for the Flammable Gas Project for this set of tests shall be
conducted in a manner that conforms to the following requirements. The analytical method to be
used is Quantitative Gas Mass Spectrometry per procedure PNL-ALO-284.

4.1 Compliance with Hanford Analytical Services Quality Assurance Requirements Document
(HASQARD)

Measurement systems used and chemical analysis conducted in support of this test shall conform
with the requirements specified in DOE/RL-96-68, Hanford Analytical Services Quality Assurance
Requirements Document (HASQARD) (DOE-RL 1996) and any subsequent revisions.
Representatives of Lockheed Martin Hanford Corporation may evaluate laboratories providing
these measurement services to determine conformance with HASQARD requirements. The
Pacific Northwest laboratory implements the HASQARD requirements through MCS-027A, Rev.
4. This QA Plan was evaluated against HASQARD in fiscal year (FY) 1998,
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42 Target Analytes

The analytes quantified and reported by the performing laboratory shall consist of the following
analytes, associated estimated quantitation limits (EQL), precision, and accuracy:

Table 2. Target Gas Analytes

Analyte EQL (Mole Percent) Precision Accuracy (%
(% RDS or %RPD) Recovery)
Argon 0.1 20 80 to 120
Carbon monoxide 0.1 20 80 to 120
Carbon dioxide 0.1 20 80 to 120
Helium 0.1 20 80 to 120
Hydrogen 0.1 20 80 to 120
Methane 0.1 20 80 to 120
Nitrogen 0.1 20 80 to 120
Oxygen 0.1 20 80 to 120
Nitrous oxide 0.1 20 80 to 120
Ammonia (NH3) - . - -~
Other gases 0.1 20 80 to 120

Analytes of interest are reported in mole percent. Absolute concentrations are not reported. The
Laboratory Control Standard (LCS) results will be reported with the sample results.

43 Quality Control Requirements

Performing laboratories shall implement a documented system of quality controt (QC) to ensure
that data generated for this project will be of known and documented quality. Laboratory
standard operating procedures shall specify qualitative and quantitative acceptance criteria for
quality control activities and corrective action measures to be taken when QC criteria are not
satisfied.

The formalized quality control system shall include initial equipment calibration; periodic
calibration verification; and analysis of laboratory duplicates, blanks, and control samples. This
QC system will document that the analytical process is in a state of control while actual samples
are being analyzed, that precision and accuracy requirements have been met, and that the
measurement system is free of contamination.

The LCS for the gas mass spectrometry analytical technique will be ambient air. The LCS will be
analyzed in duplicate, weekly.

For the gas mass spectrometry analytical technique, precision is measured daily by analyzing
“pure” nitrogen in triplicate. The accuracy of analysis is determined by summing the partial
pressures of the gases and comparing the result to the total pressure. The determination that
corrective action is necessary is based upon the comparison of partial pressure to total pressure.
if the pressures are not comparable, then corrective action is taken. Analyte identification is
based upon spectral fingerprints. Any analyte of interest exhibiting reliable spectra is reporied.
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4.4 Laboratory Records

Records kept by the performing laboratories shall document the calibration and maintenance of
instrumentation and the use of standards to verify instrument accuracy in this activity. Personnel
performing the analytical work will have records showing their training and performance is
appropriate to the work being done. Analytical procedures will include the analytical process and
the quality controls checks and criteria in place and met at the time of actual sample analysis.

These records shall be kept, organized, protected, and maintained in a manner that ensures their
retrieval and review. Records kept in conjunction with the analysis of actual project samples shall
be available for review by the customer.

Sufficient records shall be kept or archived by the performing laboratories to enable the customer
or the customer’s representatives to verify the report data and its quality and to determine who
performed the analysis on what equipment on what date and time.

4.4 Data Review, Validation, and Reporting

Analysis data must be reviewed and approved prior to release to the customer. One hundred
percent of the data must receive an independent technical review by a qualified individual other
than the data generator. This review process must be documented and conducted according to
standard procedures. The reviewers must release the data, as evidenced by signature, and, as a
consequence, ensure the following:

« Data generation and reduction were conducted in a technically correct manner in accordance
with the methods used. Data were reported in the proper units and to the correct number of
significant figures.

e Calculations have been verified by a valid calculation program, a spot check of verified
calculation programs, and/or 100-percent check of ail calculations.

e Allvariances from the accepted method and the rationale for the variations have been
documented and approved. :

o The data have been reviewed for transcription errors.

« The analytical QC data documentation is complete and includes raw data, calculation
records, Chain of Custody forms, calibration records, and QC sample analysis results.

*  QC sample analysis results are within established control limits, and if not, the data have
been qualified and are supported by adequate explanation.

e Sampile holding time requirements, if any, and data reporting requirements, if any, were met
or exceptions documented.

Reports of Analysis (ROA) shall be issued by the performing laboratory only to designated
Flammable Gas Project personnel. The report shall be shall be signed by the laboratory director,
manager, or other person responsible for the quality of the reported data.

ROA shall include each specified target analyte and its sample concentration, the EQL of each
target analyte not detected in the sample, and reports of quality control data to document
achieved precision, accuracy, and freedom from contamination.

Any difficulties, quality control problems, reanalysis or other pertinent information regarding the
analysis procedure shall be included in a narrative describing these events.

45 ‘Helium Tracer Injection Controls
The helium to be used for the tracer gas is to be 99% minimum purity. The “prepurified” grade

helium available from Hanford Stores is adequate for this application. Since the starting
concentration of helium in the tracer test will be established from analysis of the second set of
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samples, certification of the helium purity is not required. The bottle pressure drop required will
be specified by the vapor cognizant engineer.

The helium injection is expected to take less than one hour to complete. This time period is
expected to be insignificant compared to the time for ventilation-exchange of the headspace
atmosphere so the injection will be treated in the analysis as occurring as an instantaneous
event. The helium is to be injected using one of the tank instrumentation system “dip tubes” that
penetrates below the waste surface (if the tank has sufficient contents). This mject(on method is
intended to simulate a gas release from the waste.

The start and stop bottle pressure, helium bottle temperature, and tank waste temperature shall
be recorded on the data sheet for the helium injection operation. In addition the vendor
information for the instruments used for the bottle pressure and temperature measurement shall
be included as an attachment to the data sheet.

46 Ammonia and Lower Flammability Limit (LFL) Percent Measurements

The ammonia concentration and percent LFL in the headspace shall be measured following
purging of the sample line with headspace gas and prior to collection of the baseline and third
sample. Ammonia shall be measured using colorimetric tubes per Industrial Hygiene Standard
Operating Procedure IH-2.3, “Colorimetric Tube Pumps Draeger Gas Detector Pump Models 31
and Accuro,” WHC-IP-0030. The percent LFL shall be measured per Industrial Hygiene
Standard Operating Procedure 1H-1.4. “Industrial Hygiene Direct Reading Instrument Survey,”
WHC-IP-0030. Reporting of the data shall be per Industrial Hygiene Standard Operating
Procedure IH-1.5, “Using Industrial Hygiene Monitoring/Sampling Survey Forms,” WHC-1P-0030.
The measured ammonia concentration and percent LFL shall be recorded on the data sheet
along with the Industrial Hygiene report number. A copy of the completed Industrial Hygiene
report shall be included as an attachment to the data sheet.

5.0 SAFETY

There is no anticipated safety impacts with this testing. The tracer gas injection system has been
setup so that it is not possible to over pressurize the tank and all samples will be protected from
contamination by double particulate air filters. The equipment being used for the testing is
classified as “General Service” per HNF-PRO-704, Table 6. Unreviewed Safety Question
screening USQ-TF-97-0861, Revision 5 has been completed for this testing and will be included
in the Job Control System work package.

6.0 TEST PROCEDURE

Coliect the baseline samples, inject the hefium tracer gas, and collect the second, third, and any
subsequent sample sets per the field work package and the steps listed here Record the
requested information in the data sheet described in Appendix A.

Baseline Sample Procedure (Refer to Figure 1)

6.A1 Connect a single ended, shut-off, quick disconnect body (Swagelok part #QC4) to the
assigned attachment point for the sample.

6.A2 Connect (in series) two particulate air filters to the quick-disconnect installed on the
sample line. The particulate air filters (F!) shall be closest to the sample point.
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6.A3

6.A4
6.A5

6.A6

6.A7

6.A8
6.A9
6.A10

6.A11

6.A12
6.A13
6.A14

6.A15

6.A16
6.A17
6.A18

6.A19

6.A20
6.A21
6.A22
6.A23

6.A24

A short piece of c-flex should be placed on the downstream side of the dual particulate air
filter (F1). This will allow for the quick connection between the CGM/OVM and SUMMA™
canisters.

Connect the CGM/OVM to the c-flex.

Open the sample line isolation valve, V1*.

Purge the sample line using the CGM/OVM for the time specified in the field work
package.

Measure and record on the data sheet the ammonia concentration and the LFL reading
and the time and date of these readings.

Close the isolation vaive, V1*.
Disconnect the CGM/OVM from the c-flex and connect the SUMMA™ canister.
Open isolation valve, V1*.

Collect the SUMMA™ sample per the field work package and record the data required on
the data sheet.

Close isolation valve, V1*.
Disconnect the canister from the c-flex and then connect the second canister.
Open isolation valve, V1*.

Collect the second SUMMA™ sample per the field work package and record the data
required on the data sheet.

Close isolation valve, V1*.
Disconnect the canister from the c-flex and then connect the third canister.
Open isolation vaive, V1*.

Collect the third SUMMA™ sample per the field work package and record the data
required on the data sheet. ’

Close isoiation vaive, V1*.

Disconnect the canister from the c-flex.

Label and control the three SUMMA™ canister samples per Appendix A.

Configure the Assigned Sample Point to the condition specified in the field work package.

Record the DRI number on the data sheet.

“If valve is required, this valve may not be needed for 241-A-244 and 241-S-244
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Helium Tracer Gas Injection Procedure (Refer to Figure 2)

6.B1
6.B2

6.B3

6.B4
6.B5

6.B6
6.B7
6.B8
6.B9

6.B10
6.B11
6.B12

6.B13

6.814

Verify the helium supply is the cylinder prepared (pressure <900 psig).

Connect the Helium Injection System to the Assigned Sampie Point at connectlon C1as
directed by the field work package.

Verify that the helium outlet vaive (V5) is closed.

Measure the helium cylinder starting pressure by opening the helium cylinder valve (V6),
and adjust the pressure regulator as specified in the work package.

Record the starting helium cylinder pressure as indicated by the pressure regulator digital
high-pressure stage gauge.

Measure and record the helium cylinder temperature.

Open the assigned sample point isolation valve (V1)*.

Begin tracer gas injection by opening the helium outlet valve (V5).

Observe the bottle pressure as indicated by the pressure regulator digital high-pressure
stage gauge. When the pressure reaches the stopping pressure as specified in the work
package, stop helium flow by closing the helium outlet valve (V5).

Close the assigned sample point isolation valve (V1)*.

Verify that the helium outlet valve (V5) is closed.

Measure the helium cylinder final pressure using the digital high-pressure stage gauge;
record the helium cylinder final (stop) pressure.

Close the helium cyiinder valve (V6).

Disconnect the helium injecﬁon‘ system as directed by the field work package.

Second Sample Set Procedure (Refer to Figure 1)

6.C1

6.C2

6.C3

6.C4

6.C5
6.C7

Verify that the specified hold time has elapsed since completion of injection of the helium
tracer gas.

Connect (in series) two particuiate air filters to the quick-disconnect installed on the
sample line. The particulate air filters (F1) shall be closest to the sample point.

A short piece of c-flex should be placed on the down stream side of the dual particulate
air filter (F1). This will allow the quick connection between the CGM/OVM and SUMMA™
canisters.

Connect the CGM/OVM to the c-flex.

Open the sample line isolation valve, V1*.

Close the isolation vaive, V1*.
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6.C8
6.Co

6.C10

6.C11
6.C12
6.C13

6.C14

6.C15
6.C16
6.C17

6.C18

6.C19
6.C20
6.C21

6.C22

Disconnect the CGM/OVM from the ¢-flex and connect the SUMMA™ canister.
Open isofation valve, V1*.

Collect the SUMMA™ sample per the field work package and record the data required on
the data sheet.

Close isofation vaive, V1*.
Disconnect the canister from the c-flex and then connect the second canister.
Open Isolation vaive, V1*.

Collect the second SUMMA™ sample per the field work package and record the data
required on the data sheet.

Close isolation vaive, V1*.
Disconnect the canister from the c-flex and then connect the third canister.
Open isolation valve, V1*.

Collect the third SUMMA™ sample per the field work package and record the data
required on the data sheet.

Close isolation valve, V1*.
Disconnect the canister from the c-flex.
Label and control the three SUMMAT™ canister samples per Appendix A.

Configure the assigned sample point to the condition specified in the field work package.

Third Sample Set (and any subsequent sample sets) Procedure
(Refer to Figure 1

6.D1

6.D2

6.D03

6.D4

6.D5

6.D6

6.D7

Connect a single ended, shut-off, quick disconnect body (Swagelok part #QC4) to the
assigned attachment point for the sample.

Connect (in series) two particulate air filters to the quick-disconnect installed on the
sample line. The particulate air filters (F1) shall be closest to the sample point.

A short piece of c-flex should be placed on the down stream side of the dual particulate
air filter (F1). This will allow for quick connection between the CGM/OVM and SUMMA™
canisters.

Connect the CGM/OVM to the c-flex.

Open the sample line isolation valve, V1*.

Purge the sample line using the CGM/OVM for the time specified in the field work
package.

Measure and record on the data sheet the ammonia concentration and the LFL reading
and the time and date of these readings.

11
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6.D8
6.D9
6.D10

6.D11

6.D12
6.D13
6.D14

6.D015

6.D16
6.D17
6.D18

6.D19

6.D20
6.021
6.D022
6.D23

Close the isolation valve, V1*.
Disconnect the CGM/OVM from the.c-flex and connect the SUMMA™ canister.
Open isolation valve, V1*.

Collect the SUMMA™ sample per field work package and record the data required on the
data sheet (or data continuation sheet).

Close isolation valve, V1*.
Disconnect the canister from the c-flex and then connect the second canister.
Open isolation valve, V1*.

Collect the second SUMMA™ sample per the field work package and record the data
required on the data sheet.

Close isolation valve, V1*.
Disconnect the canister from the c-flex and then connect the third canister.
Open isofation valve, V1*.

Collect the third SUMMA™ sample per the field work package and record the data
required on the data sheet.

Close isolation valve, V1*.
Disconnect the canister from the c-flex.
Label and control the three SUMMA™ canister samples per Appendix A.

Configure the assigned sample point to the condition specified in the field work package.
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Appendix A

Sample Identification, Control, and Data Recording
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Al Radiation Screening

Characterization Project Operations shali maintain all vapor samples under chain-of-custody
requirements while performing a radiological survey of certain items used during sampling.
Surveys are conducted to assure compliance with Department of Transportation shipping
regulations and offsite laboratory acceptance criteria. See the Radiation Survey Plan in the field
work package for details.

A2 Sampling Operations

The CPO shall provide unique sample label and identification numbers to the laboratories. Each
sample identification number shall have the following format:

VXXXX-YYY-LLLL

where,

V = indicates that sample is a vapor sample

XXXX = unique number assigned to the sampling event by CPO

YYY = 3 digit code found on the data sheet

LLLL = laboratory assigned code (this number is on a tag aftached to the SUMMA™
canister).

Once CPO has received the sample collection media (SUMMA™ canister) it shall remain in the
physical control of the custodian, locked in a secure area, or prepared for shipping with tamper
evident tape under conditions specified on the chain-of-custody form.

Applicable operating procedures for the tank vapor space sampling activities are contained in the
appropriated work package.

All sampling activities shall be documented in the field work package maintained by CPO and
shall contain, but are not limited to:

« Identification of tank and sample point and photographs (as applicable) of the sample location
in which sampling is conducted,

« Ifany anomalies are observed, corresponding sample identification numbers, flow rates,
pressures, temperatures, and other operational parameters affecting the sample are to be
recorded,

e Any conditions that the sampler may observe during the sampling event (i.e. odors, nearby
machinery in operation) are to be recorded, and

o Names and titles of personnel involved in the field activity and their responsibilities.

A copy of the completed data sheet and completed chain-of-custody forms is to be transmitted to
the Safety Issue Resolution Organization.
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DCRT Breathing Rate Data Sheet

Tank Number:
Data Description Sal\rl'r;ple Date Time (or Pressure) Recorded By
' Start Stop

Sample Set 1 AD1

A02

A03
LFL Reading: N/A
Ammonia Conc.: NA
DRI Survey No.: ' N/A N/A
Tracer Gas Injection N/A
o
Sample Set 2 BO1

B02

BO3
Temperature: A
Sample Set 3 co1

co2

C03
Ammonia Conc.: N/A
LFL Reading: N/A
DRI Survey No.: N/A N/A
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DCRT Breathing Rate Continuation Data Sheet

Tank Number:

Data Description Sa,\'l“p[e Date Time (or Pressure) Recorded By
0. Start Stop
Sample Set 4 D01
D02
Do3
LFL Reading: N/A
Ammonia Conc.: N/A
DRI Survey No.: N/A N/A
Sample Set 5 EO01
E02
E03
LFL Reading: N/A
Ammonia Conc.: N/A
DRI Survey No.: N/A N/A
Sample Set 6 FO1
F02
FO3
LFL Reading: N/A
Ammonia Conc.: N/A
DRI survey No.: N/A
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