
REV 0 
WHC-SD-WM-ER-387 

SUMMARY REPORT ON THE DESIGN OF THE 
RETAINED GAS SAMPLER SYSTEM 

(RETAINED GAS SAMPLER, EXTRUDER AND EXTRACTOR) 

September 29, 1994 

D. W. Wootan 

R. C. Bolden 

A. E. Bridges 

N. S. Cannon 

S. A. Chastain 

B. E. Hey 

R. C. Knight 

C. G. Linschooten 

A. L. Pitner 

B. J. Web.b 

IAS 1.1 
BiSTBIBUTlON OF THIS r)OOUM6?^l !S UNLIMfTOI 

1 



WHC-SD-WM-ER-387 REV 0 

ACKNOWLEDGMENT 

Appreciation is expressed to Mr. R. Shekarriz, engineer of Pacific Northwest Laboratory, in 
providing this project valuable help. 

1-1 



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, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness 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 the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



WHC-SD-WM-ER-387 REV 0 

TABLE OF CONTENTS 

LO SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

2.0 - INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
2.1 PROBLEM DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
2.2 APPROACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

3.0 REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . ; . . . . . . . . . . . 9 
3.1 • FUNCTIONS 9 
3.2 DATA PRIORITIES AND UNCERTAINTIES . . . . . . . . . . . . . . . . . 10 

4.0 EVALUATION OF ALTERNATIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
4.1 LITERATURE AND VENDOR SEARCH . . . . . . . . . . . . . . . . . . . . 12 
4.2 PREVIOUS EVALUATIONS OF SAMPLING DEVICES . . . . . . . . . . 19 
4.3 RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

5.0 DESIGN DESCRIPTION 20 
5.1 RETAINED GAS SAMPLER SYSTEM 20 
5.2 RETAINED GAS SAMPLER . 23 
5.3 RETAINED GAS EXTRUDER . 42 
5.4 RETAINED GAS EXTRACTOR . . . . . . . . . . . . . . . . . . . . . . . . . 42 

6.0 TESTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
6.1 FLOW VISUALIZATION . . . 45 
6.2 HELIUM LEAK RATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
6.3 GAS EXTRACTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 . 
6.4 SAMPLE COLLECTION . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

7.0 SAFETY ANALYSIS 57 

8.0 WORK REMAINING 57 

9.0 REFERENCES 59 

2 



REV 0 
WHC-SD-WM-ER-387 • 

LIST OF FIGURES 

Figure 4.1-1 Oceanographic Water Sampler . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

Figure 4.1-2 Oceanographic Sediment Sampler . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

Figure 4.1-3 Petroleum Well Sampler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

Figure 4,1-4 Environmental Sampler 17 

Figure 4.1-5 Van Slyke Apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Figure 5.1-1 Retained Gas Sampler System . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

Figure 5.1-2 Hot Ceil Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Figure 5.2-1 Universal Sampler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

Figure 5.2-2 Retained Gas Sampler 26 

Figure 5.2-3 Retained Gas Sampler Modifications 27 

Figure 5.2-4 Start of Sampling Operation 28 

Figure 5.2-5 Sample Is Taken 29 

Figure 5..2-6 Sample Capture . 30 

Figure 5.2-7 Pintle Rod Removal . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . 31 

Figure 5.2-8 Drill String Is Pressurized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

Figure 5.2-9 Sampler Is Readied For Retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

Figure 5.2-10 Sampler Is Retrieved 34 

Figure 5.2-11 Pneumatic Head Is Maintained . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

Figure 5.2-12 Shielded Receiver Is Depressurized 36 

Figure 5.2-13 Used Sampler Is Exchanged For New One 37 

Figure 5.2-14 Shielded Receiver is Repressurized 38 

3 



REV 0 
WHC-SD-WM-ER-387 

Figure 5.2-15 New Sampler Is Lowered In Drill String . . . . . . . . . . . . . . . . . . . . . 39 

Figure 5.2-16 New Sampler Is Locked Into Place . . . . . . . . . . . . . . . . . . . . . . . . . 40 

Figure 5.2-17 Drill String Is Depressurized . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

Figure 5.3-1 Retained Gas Extruder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

Figure 5.4-1 Retained Gas Extractor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

Figure 6.1-1 Schematic Diagram of Visualization Test Setup . . . . . . . . . . . . . . . . . 47 

Figure 6.1-2 Photograph of Sampler Bits Used In Visualization Tests . . . . . . . . . . . . 48 

Figure 6.1-3 Streamlines and Stagnation Points . . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Figure 6.3-1 Photograph of Extractor Mockup in 306E . . . . . . . . . . . . . . . . . . . . . 52 

Figure 6.3-2 Schematic of Extractor Testing Setup in 222-SA . . . . . . . . . . . . . . . . . 53 

Figure 6.3-3 Performance of Mercury Positive Displacement Pump . . . . . . . . . . . . . 55 

APPENDIX A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1 

A.l THE FLAMMABLE GAS WATCHLIST TANKS . . . . . . . . . . . . . . . . . . . . A-2 

4 



REV 0 
WHC-SD-WM-ER-387 

1.0 SUMMARY 

This document summarizes work performed in Fiscal Year 1994 to develop the three main 
components of Retained Gas Sampler System (RGSS). These primary components are the 
Retained Gas Sampler, Extruder, and Extractor (RGSE&E). 

1.1 Purpose 

The Flammable Gas Watch List (FOWL) consists of six (6) double-shell tanks (DST) and 
nineteen (19) single-shell tanks (SST), which have the capability of generating, retaining, and 
suddenly releasing flammable gases, such as hydrogen and nitrous oxide. These flamable gas 
watchlist DSTs and SSTs are identified in Appendix 1. Sudden releases of flammable gas 
mixtures are a safety concern for normal waste storage operations and eventual waste 
retrieval. The RGSS is being developed by Westinghouse Hanford Company (WHC) to 
extract a representative waste sample from a FOWL DST and to measure both the amount 
and composition of free and "bound" gases. 

1.2 Hardware Design 

The RGSS consists of three main components: the Retained Gas Sampler (RGS or sampler), 
the Retained Gas Extruder (RGE or extruder), and the Retained Gas Extractor (RGEx or 
extractor). The RGS is based on the WHC Universal Sampler design, and includes 
modifications to reduce gas leakage. The modifications include incorporating an additional 
0-ring seal on the RGS piston, using a double 0-ring cable piston seal, and welding the 
valve housing to the RGS housing. The RGE is a new device specially designed for the 
RGSS for extruding the waste material from the RGS into the RGEx. The RGEx is being 
developed to extract the gas (both free and bound) from the waste sample. Gas will be 
removed from the waste sample in the RGEx by the following methods: (1) mechanical 
stirring, (2) thermal treatment, and (3) dilution. The Extractor will be instrumented and the 
gas will be removed in stages to aid in characterizing the gas retention properties of the 
sample. 

1.3 Testing 

Flow visualization testing was used to identify important fluid dynamic issues related to the 
sampling process. A transparent fluid with a yield stress and viscosity in the range of actual 
tank waste was used. This allowed gas bubbles of up to 25 mm (1 in.) in diameter to be 
retained. These tests indicated that a 60 degree drill string tip provided the best gas 
collection efficiency. 

Helium leak rate testing was used to identify those parts of the RGS that were susceptible to 
gas leaks. This information was used to modify the RGS piston and cable attachment 
to improve gas retention capabilities. 
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Preliminary gas extraction testing is being used to determine the system factors that affect 
quantitative mass transfer. Operation characteristics being investigated include condenser 
utilization; gas flow rates; pump cycle frequency; displacement pump operation; gas sample 
transfer and analysis technique; position and tolerance of pressure transducers; and carrier 
gas chemistry, pressure, and flow rate. Two "standardized" gas mixtures have been used for 
testing, one with thirty percent (30%) hydrogen and the other with thirty percent (30%) 
nitrous oxide. 

1.4 Requirements 

The primary data priorities for the RGSS are to measure the void fraction and the flammable 
gas concentration in the waste sample. Goals of twenty percent (20%) relative uncertainty 
for void fraction and nitrous oxide concentration measurements appear to be within reach. A 
goal of three percent (3%) relative uncertainty for hydrogen concentration may require that 
the RGS gas sample be tested within seven (7) hours of sampling. A full mockup of the 
RGS apparatus will be assessed using known gas standards to verify that errors from all 
sources remain within desired uncertainty limits. A set of functional requirements for the 
RGSS components (RGS, RGE, and RGEx) have been compiled and are used to guide the 
component development. 

1.5 Safety Analysis 

The safety analysis for the RGSS is being performed by Los Alamos National Laboratory 
(LANL) and is more than sixty percent (60%) complete. It will be provided as an addendum 
to the safety assessment for the 241-SY-lOl tank mixer pump. 

1.6 Work in Progress 

Significant progress has been made in developing the RGSS. The design of the RGS is 
complete, components have been fabricated and tested, and units for final testing have been 
fabricated. The design of the RGE also has been completed, and it is ready for fabrication. 
Detailed design of the RGEx depends on the results of development testing, which is in 
progress. Project work remaining includes functional testing of the RGS, RGE, and RGEx 
components with waste simulants, including the recovery of known quantities of retained gas. 
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2.0 INTRODUCTION 

2.1 Problem Description 

The radioactive liquid waste contained in Hanford storage tanks produces hydrogen through 
radiolysis of water and other hydrogenous compounds. Other gases, such as nitrous oxide 
and ammonia, are believed to form primarily from organic complexant chemical degradation 
reactions and to some extent from radiolysis mechanisms. Waste stored in Hanford FOWL 
tanks also has the ability to store these gases and suddenly release them in periodic "gas 
release events". Gases released periodically from tank 241-SY-lOl were primarily hydrogen 
(Hj), nitrogen (Nj), and nitrous oxide (NjO), Hydrogen mixed with an oxidizer is flammable 
over concentrations ranging from 4 to 75 volume percent. This has lead to numerous safety 
and operational concerns, including the potential for accidental release of the tank contents to 
the environment (Estey, 1992). 

Historically, Tank 241-SY-lOl released thousands of cubic meters of gas to the dome space 
about every one hundred days, until the mixer pump was installed. Such gas release events 
have on occasion been very violent and resulted in gas mixtures above the 4 volume percent 
lower flammability limit. Currently, the amount of gas released during a gas release event is 
calculated based on the tank volume change (i.e., variations in liquid level), while the gas 
composition is determined by analysis of gas in the dome space. The amount of gas 
remaining in the waste after a gas release event, however, is still unknown. During the 
April 1990, unusually large gas volumes were liberated. As a result, tank pressure rose 
above atmosphere conditions, while the waste surface elevation dropped 23.62 centimeter 
(9.3 inch). This behavior in 241-SY-lOl suggested the presence of two distinct fluid layers. 
An upper conductive layer where gas was formed and released on a continuous basis, and a 
lower non-convective layer where gas was retained in greater amounts and released 
periodically. Prior to pump operation, the average non-convective layer void fraction was 
estimated to be 19%, with localized values as high as 35%. In addition, the hydrostatic 
pressure could produce an axial void fraction gradient in the non-convective layer of 4 to 
10%. 

The current operation of the mixer pump in 241-SY-lOl has altered the gas release/retention 
behavior. The waste level has remained fairly stable and gases are being released at 
approximately the same rate they are generated. It is speculated that mixer pump operation 
has homogenized tank contents, resulting in two convective layers and distinctive unmixed 
regions in the tank, where local gas concentrations may be higher than the average. 
Although the retained gas values are still unknown, the average void fraction is estimated at 
3 volume percent, with variations depending on individual convective layer characteristics 
and hydrostatic head. 

Other FOWL tanks exhibit similar, but less extreme cyclic variations of surface levels. Tank 
104-AN shows surface level variations of 7.6 to 20.3 centimeters (3 to 8 inches) with a 
period of about one year. Tanks 105-AN, 103-SY, and 101-AW exhibit 2.5 to 5.0 
centimeter (1 to 2 inch) surface variations with periods ranging from six to twelve months. 
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Tank 103-AN shows minimal cyclic behavior and only a slight increase in surface elevation 
of 1.25 centimeter (0.5 inch) per year since 1990. 

Finally, other SSTs may be storing gas without evidence of release, such as those exhibiting 
slurry growth or level changes that correlate with atmospheric pressure changes. 

Sampling of the waste in Hanford single and double shelled tanks is required to support 
characterization of the wastes under the Resource Conservation and Recovery Act (RCRA). 
Resolution of tank safety issues, and development of tank waste retrieval techniques are also 
requirements of the Hanford Federal Facility and Consent Order, an agreement between 
Washington State, the U.S. Department of Energy (DOE), and the U.S. Environmental 
Protection Agency (EPA). 

2.2 Approach 

The amount and constituents of gas stored in Hanford waste tanks are needed to address the 
flammable gas safety issue. Measurement of the stored gas in Hanford waste tanks will 
provide better hazards evaluations and may allow tanks to be removed from the FGWL. 
Current methods for determining the gas content of FGWL waste tanks rely on indirect 
measurements of the volume of stored gas. The RGSS is being developed to provide a direct 
measurement of the void gas content, total gas content including dissolved and adsorbed 
gases, and the gas constituents in a waste sample. 

The RGSS contains two major subsystems: 1) a "sampler device" to be inserted into a 
FGWL_DST that is capable of capturing and isolating part of the stored waste; and 
2) laboratory equipment ("extraction device or system") to remove, measure, and analyze the 
gaseous constituents of the waste. 

The initial scope and work plans for the development of the RGSS were described in Bimey 
1993. The approach consisted of developing a prototype RGSS and then a full-scale RGSS. 
The prototype RGSS will be tested in a mock-up of a Hanford waste tank with a waste 
simulant, and sample analysis equipment will be tested in a hot-ceil mock-up. Lessons 
learned from these tests will be factored into the full-scale RGSS design, which will be 
subjected to acceptance testing to prove that the system is deployable in a FGWL tank. 

Major development tasks for the RGSS include: 1) development of design requirements and 
data quality objectives; 2) identification of gas sampling and analysis components; 2) 
modification of laboratory techniques and equipment; 3) modification of sampling equipment 
and field activities to obtain waste sample; 4) extraction of gas sample from waste obtained 
from a FGWL tank; and 5) sample analysis. 
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3.0 REQUIREMENTS 

3.1 Functions 

Functional design requirements for the RGSS components: the RGS, the RGE, and the 
RGEx, have been developed as the function and design of the system has matured. The 
early requirements by Wootan (1993a) were used to evaluate alternatives and develop a 
conceptual design. These were further developed in Bridges (1993) as the conceptual design 
was developed into a prototype design. The full scale requirements have now been 
documented by Bolden (1994). 

3.1.1 The RGS has the following three primary functions: 

• Capture a representative waste sample from a FGWL tank; 
• Transport the captured waste sample with minimal loss of gas content from the 

tank to the analysis laboratory; 
• Interface with other components to transfer waste sample from the RGS to the 

Extractor for processing. 

3.1.2 The RGE has one primary function: 

• Interface with other components to transfer waste sample from the RGS to the 

RGEx for processing. 

3.1.3 The RGEx has six primary functions: 

• Perform preliminary testing to determine gas void fraction of waste sample; 
• Remove and analyze "free gas" volume and composition; 
• Release existing "trapped gases"; 
• Measure temperature and pressure; 
• Heat and cool sample; 
• Mix sample. 

The Sampler shall be compatible with the waste material in a FGWL tank: hydrostatic head 
of - 0.20 MPa (29.4 psia), temperatures of - 65 °C (150 °F), maximum viscosity of 
1.0e4-05 cP (roughly the consistency of peanut butter), radiation field of — 10 Gy/hr (1000 
rad/hr), and pH = 14. 

The RGSS will attempt to obtain representative samples of waste from a FGWL tank, but 
this should not be interpreted to mean that a representative sample is representative of the 
entire tank contents or of any entire layer contained in a tank. Multiple samples would be 
required to achieve "representative sample" status for even one layer of waste in a tank. 
Constraints of funding and riser availability preclude obtaining a truly representative sample. 
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3.2 Data Priorities and Uncertainties 

Feedback from potential users of the data generated by the RGSS have been obtained 
regarding data priorities and desired uncertainties (Wootan 1994c, Pederson 1994, Allemann 
1993, Alzheimer 1993). Major sources of uncertainty have been identified and quantified. 

3.2.1 Computer Models and other Analyses 

TEMPEST (Trent 1990) computer models and other analyses are used to predict the amount 
of trapped gas remaining in a tank after a gas release event. These computer models require 
numerous assumptions to be made about waste properties, so that they can predict the size 
and number of gas bubbles. Uncertainties are associated with the amount of gas which 
remains trapped in the waste after a gas release event. The analytic gas release models are 
refined based on measured tank data, such as the observed drop in the waste liquid level. To 
help calibrate the models further, data is needed on the amount of gas trapped in the waste. 
Calibration of these models with measured data will allow a reduction in current 
conservatism in safety assessments and in work control operational limits. Measurements of 
the stored gas in other tanks will provide better hazards evaluations and may allow tanks to 
be removed from the FGWL. 

Waste sample data required of the RGS includes the void gas content, total gas content 
including dissolved gases, and the gas constituents. The amount of gas stored in the waste is 
the primary parameter for safety analyses. Measurement of the dissolved and tightly bound 
gas content is needed to determine the total potential release for safety analyses. 
Measurements of the free gas will identify the gases participating in normal gas releases. 
Measurements of gas in solution and tightly bound gas attached to particles will provide the 
total gas volume. Measurement of the primary gas constituents will also reduce conservatism 
in the safety assessments. 

It is not clear why liquid waste storage tanks retain gases while others do not. The analysis 
of FGWL waste tank samples with the retained gas "intact" should allow a better 
understanding of this behavior. 

3.2.2 Sources of Uncertainty 

Uncertainties in the RGS measurement of gas content and composition will be contributed by 
the waste sampling process, the gas extraction process, and the gas analysis process. 

The waste sampling process uncertainty contributions include sample representativeness, 
waste disturbance effects, partial filling of the sampler, gas loss during transportation from 
the tank to the laboratory, and temperature effects. 

The gas extraction process uncertainty contributions include temperature effects, pressure 
effects, extraction efficiency, instrumentation error, sample dilution effects, undetected 
contamination, and leaks. The changes in temperature and pressure will alter the soluble gas 
concentration, so that measured gas concentrations must be corrected to reflect the tank 
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conditions. The efficiency of the gas extraction process for releasing all of the soluble gases 
such as ammonia must also be characterized. 

3.2.3 Desired Uncertainties 

The approximate primary gas composition of tank 241-SY-lOl samples and desired 
uncertainties are shown in the following table: 

Gas Type 

Hydrogen 

Nitrogen 

Nitrous 
Oxide 

Water 
Vapor 

Ammonia 

Chemical Symbol 

H2 

Na 

N2O 

H2O 

NH3 

Estimated 
Percent of 
Total 

30 

30 

30 

5 

5 

Desired Uncertainty 

3 

20 

20 

NA 

20 

The highest priority parameters are the void fraction and the hydrogen content. For the 
general case of void fractions ranging from 0% to 35%, a 2% absolute uncertainty would be 
the minimum to calibrate models of tank behavior. For the specific case of the present status 
of 241-SY-lOl with the mixer pump operating, the expected void fraction is about 3% with 
~ 100% relative uncertainty. Under these conditions, a target of 20% relative uncertainty is 
desired. A single point measurement would be the minimum needed to calibrate models. 

Hydrogen constitutes about 30% of the gas, and the current estimated absolute uncertainty is 
about 5%. To provide a significant improvement, this would need to be reduced to 1% 
absolute uncertainty. Nitrous oxide and nitrogen are the other major gas components, and a 
target relative uncertainty of 20% is desired. Ammonia will be found in solution as well as 
in the gas, and is expected to be about 5 % of the gas. A reasonable target for total ammonia 
is 20% relative uncertainty. A relative uncertainty of 100% was suggested as probably 
sufficient for the other gas constituents. 

The hydrogen accuracy requirement (goal 3%) is the most demanding. The Sampler volume 
is planned at ~ 310 cm^ (18.9 in^). With a 3 % void fraction at 0.25 MPa (36.8 psia), the 
gas sample volume would expand to - 25 cm^ (1.53 in )̂ at O.iO MPa (14.7 psia). 
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Assuming that 25 cm' (1.53 in') of gas sample will be available, and using conservative 
assumptions, the RGS gas sample will need to be tested or stored within seven hours of 
sampling in order to meet a 3 % accuracy for the hydrogen measurement. 

To verify that errors from all sources remain within goals, a full mockup (including a gritty 
waste simulant artificially injected with a known gas mix) of the RGS apparatus will be 
completed and used to measure known gas standards. 

4.0 EVALUATION OF ALTERNATIVES 

4.1 LITERATURE AND VENDOR SEARCH 

A literature search was conducted for commercial or experimental sampler devices that could 
be used as a Sampler with little or no modification. This literature search included published 
articles, new product announcements, and patents. No off-the-shelf device was found that 
would meet the sampling requirements of the RGSS (Wootan 1993b). 

Additionally, contact (telephone or personal visit) was made with numerous companies, 
universities, institutes, and national laboratories involved in developing or using sampling 
devices in the fields of oceanography, petroleum and geothermal exploration, environmental 
monitoring and remediation, and sea floor mining. The sampling devices identified in this 
activity ranged from simple fluid samplers (water, oil) to complex geothermal well samplers. 
The simple fluid samplers were either unsealed or used springs to close caps at the ends of 
the collection bottle. They are not suitable for sampling materials with high viscosity. The 
more complex devices were similar in function to the WHC Universal Sampler (H-2-85097, 
Rev. 2). While these devices are designed for the higher pressures encountered in ocean 
floor, oil field, or geothermal environments, they would be difficult to adapt to the RGS 
sampling requirements and showed no significant advantage over the WHC Universal 
Sampler. 

Oceanographic Samplers: A variety of sampling devices are used in the field of 
oceanography to collect water and sediment samples . The water samplers are generally 
similar to Niskin bottles (Figure 4.1-1), which rely on springs or elastic bands to close the 
ends of a collection tube. These devices can take fluid samples containing gases. They are 
inexpensive and widely available, but allow small amounts of fluid or gas to escape during 
retrieval, and are not well suited to sampling viscous material. Sediment samplers are 
generally open ended corers and do not seal the sample (see Figure 4.1-2). Both the Ocean 
Drilling Program and the Texas A&M University Oceanography Department are developing 
large and rugged sediment coring devices that can be used to take gas-tight samples from 
beneath the ocean floor. Both use ball valves to seal the sample. The operation of these 
devices is similar to the existing WHC Universal Sampler. 
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Figure 4.1-1 Niskin Bottles 
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Figure 4.1-2 Sediment Sampler (Open ended corer) 
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Petroleum Samplers: The petroleum industry uses a variety of devices for taking samples in 
oil wells. Companies such as Slumberger, Kuster, and Leutert make fluid samplers that can 
take oil well fluid samples at high pressure and temperatures (see Figure 4.1-3). These 
devices generally rely on the in situ pressures to force fluids into the sample container 
through small openings. The relatively small openings and reliance on outside pressure to 
fill the sampler make it difficult to sample viscous materials, and would introduce significant 
disturbance to the sample. These devices generally use plunger valves to seal the sampler. In 
addition to petroleum wells, the Kuster and Leutert devices have also been used in sampling 
geothermal wells under corrosive conditions. Los Alamos National Laboratory has modified 
the Leutert sampler to improve corrosive resistance. 

Environmental Samplers: Many companies are involved in environmental sampling and 
ground water monitoring and remediation, and use a number of different devices to collect 
soil, water, and gas samples. Gas and water samples are collected through pumping or 
collection bottles. Soil samples are taken through coring and generally are not sealed. None 
of the devices explored were capable of sampling viscous material while containing gases in 
a waste tank environment (see Figure 4,1-4). 

Gas Extraction: In addition, efforts were also made to identify existing technologies that 
could be used for extracting gas from the waste sample once it has been collected. One 
device identified as having potential for this application was the modified Van Slyke 
apparatus used at Argonne National Laboratory, Figure 4.1-5 is a schematic of the Van 
Slyke apparatus. The Van Slyke apparatus has been used for many years to extract gases 
from solutions and delivering them to analytical instruments for analysis. It has been used at 
Argonne National Laboratory to successfully separate gases such as hydrogen (Hj), nitrogen 
(N2), nitrous oxide (N2O), and oxygen (O2) from waste simulants to study the gas generation 
mechanisms in waste tank material. The device performed well for the separation of the gas 
phase components from solutions of waste tank simulant (Meisel 1993). 

A trip was made to Argonne National laboratory and observations were made of the Van 
Slyke apparatus in operation (Hey 1994a). A sample solution is introduced into a chamber 
closed to the atmosphere with no head space volume. A head space volume is then created 
by using mercury to displace the volume of the chamber, and then draining the mercury from 
the chamber, effectively increasing the chamber volume. Solvents are added to the solution 
to release the dissolved gasses into the head space volume. The volume of the chamber is 
then decreased by returning the mercury to the chamber and the accumulated head space 
gases are transferred to the analytical instrumentation for analysis. One apparent limitation 
was that only solutions or very dilute slurries could be introduced into the Van Slyke 
apparatus. Thus, Hanford waste tank samples would require pre-treatment such as dilution 
or filtration. Since free gases would be released from the sample during dilution or 
filtration, steps would be needed to ensure the collection of these gases, and ensure 
atmospheric integrity. 
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Figure 4.1-3 Subsurface Sampler 
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Figure 4.1-4 Typical Soil Sampling Probe 
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Figure 4.1-5 Schematic of the Van Slyke Apparatus 
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After evaluating the advantages and disadvantages of the Van Slyke apparatus, it was decided 
that this device was not appropriate for separating gas phase components from waste tank 
core samples. However, the basic operating principles of Van Slyke apparatus could be 
incorporated into a more robust gas separation device, capable of meeting the RGS project 
needs. 

4.2 PREVIOUS EVALUATIONS OF SAMPLING DEVICES 

Several studies have been performed to evaluate alternative approaches for measuring waste 
tank void fractions and obtaining waste samples. Among these were: 

Minette (1992) evaluated both solid and liquid sampling devices and rated various systems 
against performance criteria. This study did not consider the ability of the sampling systems 
to contain gases. The recommended system was the Universal Sampler coupled with the 
rotary mode core sampling system for taking samples of solids, liquids, and slurries. 

Estey (1992) evaluated in-situ methods for measuring the total gas content and detecting local 
changes in gas accumulation in tank 241-SY-lOl. The study was limited to in situ methods 
that could be used to analyze the entire tank. The recommended system for determining the 
total gas content in the tank was ultrasonic detection of the convective/non-convective 
interface combined with measured vertical pressure profiles. 

Esvelt (1993) evaluated methods for measuring the void fraction in the FGWL waste tanks. 
The study was not concerned with the constituents of the gases. The two recommended 
options were the Universal Sampler modified with a less blunt end profile and an in situ 
compressibility device. 

Webb (1993) provided a preliminary draft of a report summarizing the sampling alternatives 
for solids, liquids, and interstitial gases. For interstitial gas measurements, the results were 
essentially the same as Esvelt (1993). 

A recent related study, Greenslade (1994), performed a technical survey of alternatives to the 
present waste tank liquid grab sampling technique (supernatent sampler). No off-the-shelf 
device was found that met the unique needs of the supernatent sampler. 

4.3 RECOMMENDATIONS 

No off-the-shelf device for sampling interstitial gases in a FGWL tank was found in the 
fields of oceanography, petroleum exploration, or environmental monitoring, which had any 
advantage over the Universal Sampler under development at WHC. 

In January 1994, the RGSS status was reviewed and prototype design recommendations were 
set (Wootan 1994a), The prototype sampler device was chosen to be the Universal Sampler, 
WHC drawing H-2-85097, Rev. 2. The Sampler shall be deployed with the new Rotary 
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Mode Core Sampling Systems, although sampling will be performed using only the Push 
Mode process. Similarly, the prototype gas extraction device was selected as: 1) the 
modified hydraulic extrusion device, WHC drawing H-2-35272, Rev. 0, being developed for 
the Universal Sampler and 2) a new gas extraction device (Extractor). The Extruder couples 
the Sampler to the Extractor. It extrudes the waste sample into the Extractor by hydraulic 
movement of the Sampler piston. The following techniques were suggested as potential 
methods to be investigated for removing the gas from the waste sample in the Extractor: 1) 
mechanical stirring, 2) heating, 3) ultrasonics, and 4) dilutions. The gas should be removed 
in stages to allow determination of the gas sources. 

5.0 DESIGN DESCRIPTION 

5.1 RETAINED GAS SAMPLER SYSTEM 

The RGSS consists of three main components: the Retained Gas Sampler, the Retained Gas 
Extruder, and the Retained Gas Extractor. Figure 5.1-1 is a schematic diagram of how the 
three components interface. The Retained Gas Sampler will be used to capture a sample of 
waste from a Hanford waste tank, including any gases which may be present in the waste, 
and transport it to the laboratory for analysis. It is based on the Universal Sampler design, 
and is deployed using the same equipment as the Universal Sampler. The Retained Gas 
Extruder is a new device specially designed for the RGSS for extruding the waste material 
from the Retained Gas Sampler into the Retained Gas Extractor. The Retained Gas Extractor 
is being developed to extract the gas (both free and bound) from the waste sample. The 
Extruder and Extractor will be deployed in the 1E2 hot cell in the 222S Laboratory (Figure 
5,1-2). 
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Figure 5.1-1 The Interface of the Three Components of the RGSS 
(the RGS, the RGE, and the RGEx) 
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Figure 5.1-2 Deployment of the Extruder 
and Extractor in the 222-S Laboratory 1E2 hot cell 
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5.2 RETAINED GAS SAMPLER 

The Sampler is based on the Universal Sampler design (WHC drawing H-2-85097, Rev. 2), 
The Universal Sampler was developed primarily for sampling liquids and solids. The 
development criteria for the Universal Sampler are described by Farris (1993). Figure 5.2-1 
shows the Universal Sampler design used as a prototype for the Sampler. 

Figure 5,2-2 shows the Sampler design that has evolved from testing the Universal Sampler. 
The Sampler consists primarily of: 1) a sampler housing; 2) a rotary valve at the lower end; 
3) a piston with O-ring(s) that seals the upper end; 4) a spring-loaded trigger mechanism that 
closes the rotary valve; 5) a pintle rod attached to the piston, that trips the trigger 
mechanism; and 6) a Quadralatch assembly for ingress and egress of the sampler. Figure 
5.2-3 shows the modification to the design of the cable-valve housing interface that was 
made^ based on the detection of leakage paths. A piston is used to provide the sealing gland 
for the 0-ring in the valve housing. The piston is connected to the cable by swaging. This 
design modification also simplifies the fabrication process. Since the Sampler will be used 
primarily with the liquids and sludges of DSTs on the FGWL, the rotary mode parts (which 
are used to drill through solid materials) of the Universal Sampler are not needed. 
Additionally, the sampling system will utilize a hydrostatic head balancing fluid that does not 
interfere with the sample. This fluid basically pressurizes the drill string to prevent waste 
from entering it. Argon gas is currently planned as the hydrostatic fluid, rather than the 
nitrogen gas that is currently used with the universal sampler. 

Operation of the Retained Gas Sampler consists of simply pushing the sampler through 
approximately 48 cm (19 inches) of waste material. At the start of the sampling operation, 
the rotary valve is open with the piston in its lower position (see Figure 5.2-4). The 
sampler is pushed through the material by the drill string while the piston is held at a 
constant elevation position by the pintle rod (see Figure 5.2-5). After traversing 
approximately 48 cm, the piston nears the top of the sampler housing and a pin on the pintle 
rod trips the trigger mechanism. This mechanism activates the spring which closes the rotary 
valve, sealing the sample in the sampler housing (see Figure 5.2-6). The pintle rod is 
removed by applying enough force to shear the wire connecting the rod to the piston (see 
Figure 5.2-7). The drilling truck is prepared for retrieval of the sampler by pressurizing the 
drill string with argon gas (see Figure 5.2-8). The remote latch unit is lowered down the 
drill string until it locks onto the quadralatch assembly of the sampler (see Figure 5.2-9). 
The sampler is removed from the drill string (see Figure 5.2-10 while the pneumatic head is 
maintained, preventing waste from entering the drill string (see Figure 5.2-11). The shielded 
receiver, containing the sampler, is depressurized by closing the lower ball valve, venting the 
argon to the tank airspace (see Figure 5.2-12). Sampler exchange occurs by closing the ball 
valve to the shielded receiver (see Figure 5.2-13), rotating the receiver to a cask, connecting 
the receiver to the cask, opening the ball valve, and lowering the sampler into the cask. A 
new sampler is inserted into the shielded receiver, the receiver is rotated to a position over 
the drill string, connected to the drill string, and repressurized before opening the ball valve 
(see Figure 5.2-14). The second sampler is lowered into the drill string (see Figure 5.2-15). 
When the new sampler reaches the bottom of the drill string, it locks in place (see Figure 
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5.2-16). The drill string is depressurized by opening both ball valves, venting the argon to 
the tank airspace (see Figure 5.2-17). 
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Figure 5.2-1. Universal Sampler Design Used as a Prototype for Sampler. 
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Figure 5.2-2. Sampler Design Evolved from Testing the Universal Sampler. 
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Figure 5.2-3 Modification to the Design of the 
Cable-Valve Housing Interface 
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Figure 5.2-5. Sampli"9 Dg'"°"jtration. 
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Figure 5.2-6. Sample Capturing (sealing the sample 
in the sampler housing) 
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Figure 5.2-7. P in t le Rod Removal 
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Figure 5.2-8. Drilling Truck Preparation for Retrieval of the Sampler 
by Pressurizing the Drill String with Argon Gas. 
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Figure 5.2-10. Removal of the Sampler from the Drill String. 

» 

•̂•̂••isĤ---
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Figure 5.2-11. Pneumatic Head is Maintained (to prevent 
waste from entering the drill string. 
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Figure 5.2-12. Depressurization of the Shielded Receiver, 
Containing the Sampler (by closing the lower ball valve 

and venting the argon to the tank airspace). 
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Figure 5.2-14. Shielded Receiver is Repressurized 
(before opening the ball valve). 

> 

o 

0 • • W 

•a 

HM 

f1 

38 



Lo
w

er
in

g 
of

 S
ec

on
d 

S
am

 
om

m
n 

S
h

le
lc

i^
 

P
re

ss
ur

tz
ed

 
/ 

R
ec

ei
ve

r 
^2

 

on
 

O
 

00
 

C
X3

 



WHC-SD-WM-ER-387 

Figure 5.2-16. Locking of the New Sampler into Place. 

'^^^W^iW 

m 

'i 
^W1 

o 
O 

40 



D
ri

ll 
S

tr
in

g
 

P
re

ss
; 

N
2 

|u
a 

I 00
 

a I 7
3 I U
> 

C
O

 



WHC-SD-WM-ER-387 

,5.3 RETAINED GAS EXTRUDER 

The Extruder is the primary device for extrusion of the waste material from the Sampler into 
the Extractor. Figure 5.3-1 is a sketch of the extrusion device. It is a new device specially 
designed for the RGSS, but is similar to the existing extrusion device for the Universal 
Sampler. The existing Universal Sampler Extruder design would not work for the RGSS 
because it deposits the sample onto a tray which would release any free gas to the hot cell 
atmosphere. The Extruder basically pushes the waste out by driving the sampler piston to 
the bottom of the Sampler. Additionally, the Extruder provides the means for the Sampler to 
be connected to the Extractor, preventing gas leakage during transfer. 

Prior to insertion into the Extruder, the Sampler has the quadralatch assembly, the pull 
block, the spring assembly, and the cap removed, allowing the Extruder rod direct access to 
the sampler piston. Removal of the pull block requires disconnecting the cables, 
accomplished by extracting the pins from the pull block. The Sampler is placed into the 
Extruder in the hot cell. It is connected to the Extractor Device by removing the inner insert 
at the bottom and screwing the Sampler onto the Extractor. The extruder rod is positioned 
against the sampler piston. After the Extractor has been readied for receipt of the waste 
sample, the sampler valve is opened by turning the valve shaft one-quarter turn. The 
Extruder's hydraulic ram is used to push the sampler piston to the valve end, extruding the 
waste into the Extractor. The Extruder with the Sampler remains connected to the Extractor 
during all further operations because the Sampler piston O-rings provide the remaining seal 
for the Extractor. 

5.4 RETAINED GAS EXTRACTOR 

The Extractor is being developed to extract the gas (both "free" and "bound") from the waste 
sample. General requirements for the Extractor are described in Bridges (1993) and Bolden 
(1994). The Extruder will push the waste sample into the Extractor by moving the Sampler 
piston. Gas will be removed from the waste sample in the Extractor by the following 
methods: 1) mechanical stirring, 2) thermal treatment (heating and/or cooling), and 3) 
dilution. The gas will be removed in stages to allow determination of the gas sources. 
Additionally, the Extractor will be instrumented to characterize the sample. The concept 
currently being developed for use as the Extractor includes 1) a vacuum vessel with rotary 
motion, instrument, and material feed through capabilities; 2) a mixer with a rotary motion 
feed through device; and 3) an external heating/cooling device. Figure 5.4-1 is a sketch of 
the Extractor. 

The Sampler is attached to the Extractor by removing the inner insert and screwing the 
Sampler into the Extractor. The Extractor is evaduated to a pressure of 0.01 Torr or less. 
The sampler valve is opened and the waste sample is extruded into the Extractor. The 
following paragraphs describe the processes for removal of the "free" and "bound" gases 
from the waste sample. 
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Figure 5.3-1 Sketch of the Retained Gas Extruder 
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"Free" gases are extracted from the waste sample by the following processes: 1) the waste 
material is stirred and heated to 50 °C (122 °F); 2) after 10 minutes, the accumulated gases 
are transferred to a collection vessel using a mercury positive displacement pump; and 3) the 
gases are analyzed for total volume and composition. 

There are two categories of "bound" gases anticipated for extraction. These categories are 
defined by the procedures required to remove them from the waste sample. The basic 
extraction processes are as follows: 1) 300 cm^ of IMolar Sodium Hydroxide is added to the 
waste material in the Extractor; 2) after 1 hour, the accumulated gases are transferred to a 
collection vessel using the mercury positive displacement pump; 3) the "loosely bound" gases 
are analyzed for total volume and composition; 4) steps 1 through 3 are repeated to recover 
the "tightly bound" gases. All of these steps occur while the waste sample is being stirred 
and kept at a temperature of 50 °C (122 °F), 

Once the above processes are completed, the Extractor is relieved of its vacuum and 
disassembled. The remaining waste materials are visually examined for extent of gas 
removal and dissolution. Materials are retrieved for additional analyses, i.e., total organic 
carbon, ammonia, etc. The remaining materials are disposed of per procedure. 

6.0 TESTING 

6.1 FLOW VISUALIZATION 

The flow visualization testing focused on assessing the performance of the Sampler and 
identifying some of the critical issues, such as how the waste forms are affected during the 
sampling process and what the state of the waste, especially gas retaining waste, is after 
sampling compared to its original state (Shekarriz 1994a). Later tests investigated whether 
the sampler performance is improved as the geometry of the insertion end of the sampler 
changes from a blunt shape to a sharper leading edge. Secondary objectives were to 
investigate how the fluid viscosity and insertion rate affect the characteristics of sampling 
(Shekarriz 1994b).. 

Approach 

The simulant for these tests had to be optically transparent and have a yield stress and a 
viscosity similar to that of the waste. The fluid used in tliese studies was a gel composed of 
0.25% to 1,0% by weight of Carbopol-980' resin and water. The simulant has a shear 
thinning behavior and a yield value greater than 2 Pa. The viscosity of the simulant at a 
shear rate of 0.1 s"' ranged between 150,000 to 900,000 cP for 0.25% and 1.0% by weight 
mixtures, respectively. The yield strength of the material allowed the simulant to retain gas 
bubbles of up to. —. 2.5 cm (1 in) in diameter. 

^(Carbopol is the trademark of the B. F. Goodrich Company) 
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Figure 6.1-1 shows a schematic diagram of the setup used for the visualization studies. A 
152 cm (60 in) high, 25 cm (9.8 in) x 25 cm (9.8 in) cross section clear walled acrylic tank 
was filled with the transparent non-Newtonian simulant. A simple cable/pulley apparatus 
was used as an insertion mechanism for lowering the Sampler into the simulant while keeping 
the inner piston stationary. The insertion rate was controlled manually. In order to 
overcome the buoyancy force acting on the sampler, additional weights were added to the top 
of the sampler. Bubbles with a size distribution between 0.1 to 2 cm ( 0.04 to 0.79 in) were 
distributed throughout the simulant.. Insertion rates varied from 50 to 250 cm/min (20 to 100 
in/min). The fluid viscosity ranged between l.Oe+05 to l.Oe+06 cP. 

The sampler bit is a hollow cylinder with an inner diameter of 2,54 cm (1 in) and an outer 
diameter of approximately 5 cm (1.97 in). Figure 6.1-2 is a photograph of the sampler bit 
shapes used in this study. Five different sampler bit geometries were tested: 1) the original 
flat tip, 2) modified flat tip, 3) truncated cone with 30 degree tip angle, 4) 45 degree tip 
angle, and 5) 60 degree tip angle. The main difference in the geometry of the tips is a 
progressively sharper leading edge. 

Results and Observations 

For a fluid with a yield stress, the flow will be split into three regions because of flow 
blockage and friction: an inner region that will enter the sampler, an outer region that is 
diverted around the sampler, and a third region within which the fluid doesn't yield and is 
attached to the Sampler. This is exactly the situation that is recorded in the videos of the 
sampler insertion. The displacement of the bubbles upstream of the sampler were measured 
as a function of the displacement of the sampler. Changes in the viscosity and insertion rate 
did not affect the relative bubble to sampler displacement. Increasing the insertion rate only 
increased the rate at which this displacement took place and increasing the velocity increased 
the resistance on the sampler due to friction. The number of captured bubbles and the 
bubble size distribution appear to be independent of the insertion rate. 

Most of the bubbles trapped in the simulant in the Sampler were smaller than those in the 
simulant prior to sampling due to the extension and compression that the bubbles experienced 
at the tip of the sampler. Near the stagnation streamline there is a substantial amount of 
lateral extensional stresses. 

As shown in Figure 6.1-3, the stagnation point moves inward toward the entrance of the 
sampler as the leading edge angle increases from 0 degrees to 60 degrees from the 
horizontal. As the cross sectional area of the fluid entering the sampler approaches the cross 
sectional area of the sampler, the amount of compressive and elongational stresses acting on 
the fluid upstream of the sampler is minimized. 
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Figure 6.1-1 Schematic Diagram of the Experimental setup 
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Figure 6.1-2 Photograph of the Different Sampler Tip Geometiies Tested 
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Figure 6.1-3 Approximated Streamlines and Location 
of the Leading Edge Stagnation Points 

0 

Sampler Tip 

Stagnation Point 
for eO^Tlp 

Stagnation Point 
for a Flat Tip 

shown for Ihe flal Sip and 60" lip georueliies, based on die video images. Note that die 
sampling cross-seclional aica has lediiced for die shai[)ei leading edge. 

49 



WHC-SD-WM-ER-387 

Conclusions 

Visualization tests clearly outlined the main fluid dynamics issues. That is, the sampler bit 
geometry can impact the sampling performance in two different ways: 1) the column of fluid 
extracted from the waste tank may not correctly represent the range of insertion depth from 
which the fluid is sampled due to flow blockage and stretching of the fluid; and 2) excessive 
disturbance of the waste immediately before sampling could result in poor sampling 
performance. 

The sampler cross sectional area and the influence of the sampler on the fluid upstream 
should be minimized in order to minimize the waste disturbance before and during the 
sampling. However, as the leading edge of the sampler becomes sharper, the volume of 
fluid that enters the sampler tip but does not enter the sampler tube increases. This causes 
additional disturbance for subsequent sampling. Based on the current testing results the 60 
degree sampler tip geometry is recommended. 

6.2 HELIUM LEAK RATE 

Helium leak testing of two Universal Samplers has been performed (Chastain 1994). No 
leaks were detected for the rotary valve seal, the axle seals, and the piston 0-ring seal. 
However, gross leaks were detected at the cable entrance to the valve housing, indicating the 
0-ring seal there was not adequate. Additionally, the cable sheathing provided a leak path. 
This testing was performed at room temperature with a differential pressure of 1 atm. These 
results necessitated a modification to the design of the cable-valve housing interface. 

A review of the effect of gamma irradiation on the materials of the Sampler was performed 
to determine if the leak tightness of the sampler would be degraded in the tank environment 
(Bridges 1994a). The only critical parts used in the RGS that are susceptible to gamma 
radiation damage are the O-rings and lower seal. These parts are constructed from Viton. 
The gamma radiation exposure for the sampler is expected to be less than 100 Gray (10,000 
rad). This value is based on a maximum gamma radiation dose rate of 10 Gray/hr (1000 
rad/hr) for Tank 241-SY-lOl and a maximum time in tank of 8 hours. No sampler should be 
in the high radiation portion of the tank for more than a few hours. Vitons start exhibiting 
compression set at gamma radiation exposures of 1000 to 10,000 Gray (l,0e-f05 to l.Oe+06 
rad). Therefore, the Viton.seals should not experience any significant compression set that 
would lead to a higher gas leak rate. 
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6.3 GAS EXTRACTION 

The development of the RGS extraction device is being done in three steps, with testing as an 
integral part of each step. 

Phase 1 

Cold laboratories for gas transport, void fraction, and analytical testing have been set up in 
the WHC 222-S A and 306E facilities. Figure 6.3-1 shows the equipment setup in 306E. 
This setup includes a sampler, a vacuum chamber simulating the Extractor, a high efficiency 
vacuum pump, and several pressure transducers. Figure 6,3-2 shows a schematic of the 222-
SA setup, which includes the mercury positive displacement pump. 

A Phase One Test Plan is described in Hey (1994b). The first phase deals with the proof of 
principle of quantitative gas transfer. Gas transfer behavior will be analyzed by 
quantitatively measuring and transferring gases which have been introduced to the system 
from external sources. The objective of the first phase is to determine what system factors 
affect quantitative mass transfer and establish the best method for the determination of "void 
fraction". Tests will investigate characteristics of samples, equipment, and operations that 
affect quantitative mass transfer. Sample characteristics being investigated include the effects 
of water vapor pressure, relative proportions of oxidizing and reducing gases, and sample 
temperature. Equipment characteristics being investigated include the effects of in-line 
moisture scrubbers and HEPA filters, tubing diameter and length, sample loop dimensions, 
and gas analyzer sensitivity and selectivity. Operation characteristics being investigated 
include condenser utilization, gas flow rates, pump cycle frequency, displacement pump 
operation, gas sample transfer and analysis technique, position and tolerance of pressure 
transducers, and carrier gas chemistry, pressure, and flow rate. 

A mercury positive displacement pump (similar to the type used on the Van Slyke apparatus) 
will be used to transfer the gas sample. A condenser, moisture scrubber, and HEPA filter 
will be tested. The condenser allows most of the water vapor to condense out of the gas 
sample prior to the moisture scrubber. The moisture scrubber contains a desiccant and will 
absorb much of the water vapor. It is uncertain at this time whether the scavenging of water 
vapor will compromise quantitative gas transfer (by simultaneously trapping other gases or 
possibly even disrupting the flow of gas through the scrubber). The effectiveness and need 
for the condenser and moisture scrubber will be tested. Filters with large surface areas and 
restricted gas flow passageways will likely outgas contaminants indefinitely. If possible, the 
HEPA filter and water removing filter will be eliminated in favor of some sort of monitoring 
system. 

Since sample temperature has a considerable effect on water vapor pressure it will be 
important to determine the effects of water vapor pressure on quantitative gas transfer. 
Extracting and pumping the gas from the waste sample at room temperature or higher, for 
instance, could involve adiabatic expansion of the gas and cause the water vapor component 
to condense. The extent at which water vapor condensation will affect quantitative gas 
transfer will have to be determined. 
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Figure 6.3-1. Extractor Mockup in 306E. 
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Condensed water vapor will, most certainly, affect the determination for ammonia. It will be 
impossible to distinguish the water vapor in the sample gas from water existing in the waste 
which vaporizes during the extraction process. Therefore a direct measure of the water 
vapor fraction of the retained gas cannot be made. However, water vapor pressure 
dependence on temperature is well known and its contribution to the gas sample volume can 
be calculated. 

Two "standardized" gas mixtures have been obtained for testing. The first mixture contains 
30% hydrogen, 25% argon, 40% nitrogen, and 5% ammonia. The second mixture contains 
30% nitrous oxide, 40% helium, and 30% nitrogen. Mass spectrometry analysis with the 
Pacific National Laboratory (PNL) mass spectrometer of both gas mixtures produced 
excellent agreement with vendor specification except for ammonia. The removal and 
absorption of ammonia with a water bath has been demonstrated. Testing has indicated that 
the preferred method for analysis of ammonia is using water absorption followed by wet 
chemistry analysis. Additional measurements on these gas mixtures using gas 
chromatography (GC) and residual gas analytical (RGA) equipment is in progress. 

A two volume mockup of the Extractor has been completed and tested using both gas 
mixtures. Measurement of sample volume using dry gases has been demonstrated with 
uncertainties ranging from 1 to 5 %. Additional tests with wet gases in progress. 

The mercury positive displacement pump performance has been tested and characterized with 
dry gases and multi-cycle gas transfer has been demonstrated. Figure 6,3-3 shows the 
performance of the mercury positive displacement pump. High accuracy pressure 
transducers for the extractor have also been tested. It is critical that the pressure in the 
extraction vessel be determined accurately. The use of two or three transducers with 
overlapping ranges located right at the vessel is recommended. 

An extrusion leakage test is underway to demonstrate that a pre-loaded mixture of simulated 
waste and gas (known quantities of each) can be extruded from a Sampler into an extractor 
vessel mock-up with essentially no loss of materials. For the extrusion leak test, a Sampler 
will be filled with a known amount of simulated waste and helium gas. The simulated waste 
will have representative physical properties, such as grit and viscosity, but no injected gas. 
The sample will be compressed with the sampler piston and extruded into an extractor mock-
up where the amount of gas recovered will be measured. 
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Figure 6.3-3 Retained Gas Separation System Phase 1: 
Laboratory Setup Mercury Positive Displacement Pump Performance 
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Phase 2 

The second phase of development testing deals with the transfer and characterization of 
extracted gases firom waste tank material simulant in a "full-scale'' RGS setup configured in a 
hot cell. The objectives of this phase are to determine how gas may be separated from the 
bulk of the material and to evaluate the performance of the prototype system setup. 

Phase 3 

The third phase of development testing deals with the performance evaluation of the full scale 
RGS setup with authentic waste tank samples. Tank 241-SY-lOl has been proposed for 
sampling in this first application of the RGS extraction system. 

6.4 SAMPLE COLLECTION 

A series of sample collection efficiency tests are underway to demonstrate that a prototypic 
Sampler can capture and retain a representative sample of simulated 241-SY-lOl waste under 
anticipated conditions of pressure and temperature. For this test a 15 meter (49.2 ft) tall 
chamber is being fabricated in a test stand. The bottom 1 m (3.28 ft) will contain simulated 
waste, with about 14 meter (45.9 ft) of water on top to provide hydraulic head. The 
simulant will have physical properties representative of typical double shell tank waste, A 
sample will be taken with a prototypic Sampler and extruded into the extractor mock-up. 
The void fraction in the sample will be determined through pressure measurements. 
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7.0 SAFETY ANALYSIS 

Los Alamos National Laboratory has been contracted to perform the safety analysis for the 
RGSS. A safety assessment of push mode core sampling was completed and later updated in 
1991 (Marusich 1991). Since that time there have been changes to tank related equipment 
and operations that require evaluation prior to the conduct of operations. The major change 
was the introduction of the Mixer Pump in tank 241-SY-lOl for mitigation of episodic 
hydrogen gas release. Other changes introduced by the RGSS include new sampling 
equipment and the use of argon to maintain hydrostatic pressure. A safety analysis for the 
241-SY-lOl Mixer Pump has been completed and is undergoing revision (LANL 1994). Use 
of the Sampler involves tank intrusion, like the Mixer Pump introduction. Unlike the Mixer 
Pump, however, the operations of the Sampler are simpler with minimal relative disruption 
of the tank contents during the operational stage. The Sampler safety analysis is being 
provided as Addendum 3 to the Mixer Pump safety assessment. 

The first step in performing the safety assessment included gathering data and identifying 
hazards. The identified hazards were then reviewed to develop logical accident scenarios. A 
matrix of the accident scenario to the hazards was developed. Then using quantitative 
methods the accident analysis was performed to identify a probability of accident occurrence. 
Then a consequence analysis was performed to identify the severity of the accidents. 
Finally, an overall qualitative risk identification was developed for each hazard. The 
assessment of the controls proposed was also made with any additional controls needed for 
retained gas sampling recommended. 

A review of the safety assessment work was conducted in April 1994. Shortly after this the 
safety assessment work was temporarily halted due to other higher priority work. Work is 
expected to resume in September 1994, The safety assessment is currently over 60% 
complete. 

8,0 WORK REMAINING 

Significant progress has been made in developing the RGSS. The design of the gas-tight 
sampler is complete, components have been fabricated and tested, and units for final testing 
have been fabricated. The design of the sample extruder has also been completed, and it is 
ready for fabrication. Detailed design of the gas extractor depends on the results of 
development testing, which is in progress. Project work remaining includes functional 
testing of the sampler, extruder, and extractor components with waste simulants, including 
the recovery of known quantities of retained gas. 

The following specific issues need to be addressed to confirm the functionality of the retained 
gas sampler and extraction system: 

* Leak tightness of the sampler assembly as a whole - The individual features of the 
sampler have been tested to verify the design. However, an entire sampler needs to 
be assembled and tested under anticipated operating extremes to assure that it will 
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remain leak-proof. Performance of the sampler tests previously described (extrusion 
leak test and collection efficiency test) should answer the remaining questions 
regarding this issue. 

Performance of the extraction system gas transfer apparatus - Plans call for the use of 
a mercury pump to move the sample gas from the low-pressure extractor vessel to the 
analytical or sampling station. Since very small gas volumes are anticipated, the 
efficiency of this pump needs to be very high. Tests underway in the 222-SA cold 
laboratory are designed to resolve these issues. 

On-line analytical capabilities - Since system leakage is such a key issue in the entire 
process, immediate on-line analysis of retained gas samples is a very desirable 
feature. Testing of a gas chromatograph with gas samples of known composition to 
determine analytical precision is planned. 

Ability to accurately measure ammonia gas constituent - Because ammonia is known 
to be very soluble in water, and water will certainly,be present in the all of the 
samples, methods to accurately quantify ammonia need to be determined. Plans call 
for investigating methods to trap all of the ammonia in water and then perform the 
analysis using "wet chemistry" techniques. Both offsite and PNL resources have been 
identified for this work. 

Adaptability of RGSS to hot cell operations - Numerous problems are anticipated in 
converting bench-test results into a system that can be disassembled, cleaned, 
reassembled, repaired, etc., in a hot cell environment. A series of integrated tests, 
designed to resolve these issues, are currently included in the schedule. 
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«î
 ©

 
M

 

S8 h§5H
 

X
 

>fi 
^ 

^1. 

=5? 
±1 

:I:^<1P
 

i 
^ 

t 

m
 

t-i^
-i 

1" 

'^ 

I I 

A
 

T
T

 

©
 

A
^

—
\ 

Ik^ 

1. e 

-m-

L
 

ocT
i 

z 

•y
/ 

I I I 



:^S^}j§51»f5$!gl!5';r|«;,?|^'^ 

L 

» .1386 iJOOOe 

@VAl.^Hg>JSrMg 

.90 I m 
T » R S & 

.12 MAX 

J 7 

T 

SECTI^ î l̂ -AM 
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^AFJTS/MAT^RIA, UST 
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. DIMENSIONING AND TOLERA^CINO PES ""Si Y l i J U ( !2) DIMENSIONS A/iE N NChES 
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BR«a<ET SCREW 

HYDRAUUC CTUNDER. O 2 1/2 L 
0 1 ROO, 27 IN STSOKE. FLANGE 
MOUNTED (ROO END). SAE 0-RING 
PORTS, PROBE COVES 

BORE. ATUS, 

BALL CASTER. STUD MOUNT, a 1 34U 
75 LS CAR, 5 /1&-18 X 11/16 L 
STUO 

LEVEUNG MOUNT. 0 2 3 /3 MOUNT, 
1 /2 -13 X 2 IN L BOLT W/NUT 
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SST. TYPE 18 -8 

SST, TYPE 18-8 
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TABLE A - 1 . WATCH LIST TANKS (Sheet 1 of 2) 
I • 

These tanks have been identified as Watch List Tanks In accordance with Public Law 101 -510. Section 3137. * Safety Measures for Waste Tanks at Hanlord 
Nuclear Reservation.' (1990). These tanks have been identified as the Priority 1 Hanford Site Tank Parm Safety Issues: 'Issues/situations that contain most 
necessary conditions that could lead to worker (onslte) or ofisite radiation exposure through an uncontrolled release of fission products, e.g.. Tank SY-101.* 

Single-Shell Tanks 
Tank No. Category 

June 30 ,1994 
Officially 
Added to Sinqle-Stiel l Tanks 
Watch List Tank No. Category 

Officially 
Added to 
Watch List 

Single-Shell Tanks 
Tank No. Category 

OHicially 
Added to 
Watch List 

|A-101 

AX-IOi 
AX-102 
AX-103 

| B - 1 0 3 

BX-102 
I B X - 1 0 6 
BY-103 
BY-104 
BY-105 
BY-106 
BY-107 
BY-108 
BY-110 
BY-111 
BY-112 
C-102 
jC-103 
C-106 
|C-108 
C-109 
C-111 
C-112 

(2) 
(9) 
(2) 
(9) 
(2) 

m (2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
m 
(2K4) 
(2) 
(2) 
(2) 
(2) 
(2) 

Hydrogen 
Organics 
Hydrogen 
Organics 
Hydrogen 
Organics 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Organics 
Organics 
High Heat Load 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 

1/91 
5/94 
1/91 
5/94 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 
5/94 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 

1 S-102 

S-111 

S-112 
SX-101 
SX-102 
SX-103 

SX-104 
SX-105 
SX-106 

SX-109 

T-107 
T-110 
T-111 
TX-105 
TX-118 

TV-101 
TY-103 
TY-104 

(25 
(2) 
(2) 
(9) 
(2) 

(1X25 
(1X2) 
(1X2) 

(9) 
(1X2) 
(1X2) 
(1X2) 
(1X2) 
(1X2) 

(35 
(2) 
(8) 
(25 
(2) 
(2) 
(25 
(2) 

Hydrogen. 
Organics 
Hydrogen 
Organics 
Hydrogen 
Hydrogen 
Hydrogen 
Hydrogen 
Organics 
Hydrogen 
Hydrogen 
Hydrogen. 
Organics 
Hydrogen because 
other tanks vent 
thru It 
Perrocyanlde 
Hydrogen 
Organics 
Organics 
Perrocyanlde, 
Organics 
Perrocyanlde 
Perrocyanlde 
Perrocyanlde 
Organics 

1/91 
1/91 
1/91 
5/94 
1/91 
1/91 
1/91 
1/91 

• 5/94 
1/91 
1/91 
1/91 
1/91 

1/91 
2/91 
1/91 
2/94 
1/91 
1/91 
1/91 
1/91 
1/91 
1/91 
5/94 J 

|U-103 

U-105 

lU-106 
U-107 

U-108 
U-109 
U-111 
U-203 
U-204 
:50sTa>t«vi 

Double-She 
Tank No. 
AN-103 
AN-104 
AN-105 
AW-101 
SY-101 
SY-103 
e Tanks "•'•. 

(25 
(9) 
(2) 
(9) 
(2) 
(2) 
(6) 
(2) 
(2) 
(7) 
(9) 
(9) 

3 
9ll Tanks 

(1X2) 
(1X2) 
(1X2) 
(1X5) 
0X2) 
(1X2) 

J 

Hydrogen 
Organics 
Hydrogen 
Organics 
Organics 
Organics 
Hydrogen 
Hydrogen 
Hydrogen 
Organics 
Organics 
Organics 

Category 
Hydrogen 
Hydrogen 
Hydrogen 
Hydrogen 
Hydrogen 
Hydrogen 

1/91 
5/94 
1/91 
5/94 
1/91 
1/91 
12/93 
1/91 
1/91 
8/93 
5/94 
5/94 

1/91 
1/91 
1/91 
6/93 
1/91 
1/91 

o 
I 

CO 

D k s 
I 

m 
00 

TO 
m 

Ten tanks (A-101. S-102. S-111. SX-103. SX-106, TX-118. TY-104. U-103. U-105. and U-107.) are on more than one Watch List 

WHC-EP-0182-75 



WHC-SD-TP-SEP-024 Rev. 1 

3.0 PACKAGE CONTENTS 

3.1 GENERAL DESCRIPTION 

Contents of the WSSP-1 and WSSP-2 packages are considered to be three 
pumps placed in three flexible receiver assemblies. Specific details of the 
flexible receiver assembly system is shown on design drawing H-2-79341. The 
following data relates to the three pumps scheduled for removal from the tanks 
and placed in specific packages for transfer: 

l^SSP-1 Packages: 

1. One heel pump located in tank 241-C-106. The physical description 
and reference drawings are as follows: 

Maximum length 
Maximum diameter 
Estimated weight 

Reference drawings 

37 ft - 7% in, 
36 in. 
3152 lb 
H-2-41297 

2. One transfer pump located in tank 241-C-106. The physical 
description and reference drawings are as follows: 

Maximum length: 35 ft - 8 in. 
Maximum diameter: 32^ in. 
Estimated weight: 1528 lb 

Reference drawings: H-2-93179 
H-9-1105 
H-2-70001 
H-2-69897 

]flSSP-2 Package: 

3. One agitator pump located in tank 241-AY-lOl. The physical 
description and reference drawings are as follows: 

Maximum length: 49 ft - 2^ in. 
Maximum diameter: 42.43 in. 
Estimated weight: 2779 lb 

Reference drawings: H-2-95343 

A3-1 




