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GAS CHARACTERIZATION SYSTEM
FUNCTIONAL DESIGN CRITERIA

1.0 INTRODUCTION

1.1 Background

Tank 241-SY-101 (SY-101) is known to experience periodic tank level
increases and decreases during which hydrogen gas is released. It is
suspected that the generated gases are accumulated in the

solids- -containing layer near the bottom of the tank. Solids are also
present in the surface "crust" layer and may be suspended in the liquid
layer. The accumulation of gases creates a buoyancy that eventually
overcomes the density and cohesive strength of the bottom layer. When
this happens, the gas is released upward through the liquid layer and
also carries some of the bottom layer upward. Monitoring of Tank SY-101
indicates release concentrations greater than the lower flammability
Timit (LFL) of hydrogen (H,) in a hydrogen/nitrous oxide (N,0)
atmosphere.

Other waste tanks have been identified as having the potential to behave
similar to SY-101. These tanks have been placed on the flammable gas
watch 1list (FGWL). AIlT1 tanks on the FGWL will have a standard hydrogen
monitoring system installed to measure hydrogen. In the event that 4
hydrogen levels exceed 0.75% by volume, additional characterization will
be required. The purpose of this additional characterization is to
determine the actual Tower flammability limit of these tanks, accurately
measure low baseline gas release concentrations, and to determine
potential hazards associated with Targer Gas Release Events (GREs).

The vapor monitoring instruments to be installed in the gas
characterization facility will allow accurate analysis of the tank
vapor. It will be possible to detect a wide range of hydrogen, from
parts per million to percent by volume, as we]] as other gas species
suspected to be generated in tanks.

1.2 Scope

The scope of this functional design criteria (FDC) document is to define
the design criteria specific to a Gas Characterization System (GCS)
which can be sited at selected waste tanks.

1.3 Justification

Tank SY-101 has one of the highest safety priorities for both the
Hanford Site and the U.S. Department of Energy (DOE). However, other
waste tanks have been identified as tanks which can potentially release

QUSTRIGUTIN OF THiS DOCUMENT 1S UNLIMITER,

!
|
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high level bursts of hydrogen (H,). Currently, of the twenty-five (25)
watch-Tist tanks, AW-101 and SY-303 have been identified as potentially
requiring additional characterization. Analyzing the tank vent gases is
required to determine the magnitude and time dependance of the various
gases released from these tanks.

2.0 FUNCTIONAL DESCRIPTION

2.1 System Description

The primary function of the GCS is to provide an environmentally
controlled facility to sample the identified waste tank's vapor space
gasses and analyze the sampled gasses for hydrogen (H,) as well as other
suspected gas species which include, but are not 1imi%ed to methane
(CH,), nitrous oxide (N,0) and ammonia (NH,).

The GCS consists of five major components: the test facility, the sample
gas delivery system, the sample gas analytical system, the sample gas
grab sample system, and a data system. The test facility shall provide
a habitable facility to house scientific equipment for the analysis of
the waste tank vapor space gases. The gas monitoring building shall be
similar to the unit used for the GMS-2 gas monitoring facility on SY-
101. The sample gas delivery system shall provide a gas sample to the
analytical system. The sample gas analytical system shall be capable of
measuring a wide range of hydrogen concentrations and a variety of other
suspected gas species, specifically nitrous oxide (N,0), methane (CH,)
and ammonia (NH;), from 1 ppm to 3% by volume. The grab sample system
will provide ‘the capability for independent analysis of the tank gas
sample. The data system will store and archive analytical gas
monitoring data as well as process variables such as temperature and
pressure.

2.2 - Site lLocation

The GCS building shall be located so that samples can be drawn from the
vapor space or exhaust header at the selected tank. Each site's
location shall be selected to minimize the delivery time of the tank gas
sample, power availability, and access to data transmission facilities.
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3.0 PROCESS DESIGN CRITERIA

3.1 Instrumentation and Control

3.1.1 Instruments. Type, Range, and Accuracy

The sample gas analytical system shall consist of two dual
column gas chromatographs and one FTIR spectrometer with the
following measurement ranges and accuracies for a gaseous
mixture consisting primarily of moist air with
concentrations of the gasses listed below:

Measured Gas Range Accuracy
. ' 0 - 20 ppm -+ 3 ppm

l 20 - 30,000 ppm + 10% of Reading
CH, 0 - 100 ppm + 10 ppm

100 - 30,000 ppm + 10% of Reading
1 - 20 ppm * 3 ppm

NH; 1 - 10,000 ppm + 10% of Reading
1 - 20 ppm + 3 ppm

N,0 3 - 30,000 ppm £ 10% of Reading |

Process instrdmentation such as flow, pressure, and
temperature shall be provided in the ranges and accuracies,
are defined in Section 3.3.

The sample gas grab sample system will allow a selected gas
sample to be captured and taken to a Taboratory for
independent analysis.

3.1.2 Repeatability

The GCS design shall provide systems for daily validations
of the gas analysis instruments with one or more gas species
and concentrations. '

Engineering process instrumentation shall be able to operate
for at least one year between calibrations.
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3.1.3 Reliability

Since gas analysis instrumentation is of a complex and
sensitive nature its failure will require replacement of the
whole instrument with a "hot" spare, "An instrument which
has a proven operating performance in a lab environment with
lab gasses." Gas analysis instrumentation for the GCS shall
be selected for the best performance and MTBF based upon the
instrument user data currently available.

The process instrumentation shall have a MTBF of at least
10,000 hours.

3.1.4 Display Reguirements

The gas analytical systems and selected process
instrumentation shall provide a local display of the gas
analysis performed and selected process engineering
parameters.

3.1.5 Spare Equipment Requirements

3.1.6

The gas analysis instrumentation requires a "hot" spare
complete instrument when a field instrument fails. Thus, at
least one spare GC and FTIR shall be required as "hot"
spares to replace field instruments per two (2) GCS
facilities installed.

The process instrumentation shall have one spare for each
instrument type for up to ten (10) GCS facilities installed.

Data Storage and Retrieval

The host processor for the GCS shall provide for storage of
the calculated gas concentrations, spectral data-sets, and
calibrations for a period of not less than 7 days. This
represents 137 Megabytes per day or 960 megabytes per week.
Electronic communication means shall also be provided to
accommodate accessing and archiving this data without

entering the tank farms radiation zones.

Resultant data, defining specific gasses and their
concentrations, shall be made electronically available on a
file server for access by the LANL, WHC, and PNL review
teams. The resultant data sets, placed on a file server,
shall comprise nominally 10K bytes per day.

Essential data shall be archived for long term storage (more
than one year).
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3.1.7 Software Design Requirements

Software systems shall utilize vender supplied software and
custom developed interfaces. Custom developed software
shall be documentated and validated per WHC-CM-3-10,
"Software Practices", Section SP-3.0, "Development" and
Section SP-6.0, "Configuration Control”

3.2 Piping

3.2.1 The sample stream shall be completely contained within
piping or instrumentation between the inlet ports on the
tank exhaust header or sample port and release back to the
exhaust header or tank vapor space.

3.2.2 Devices that come into contact with the sample stream must
be qualified or approved for use in a potentionally
flammable environment (Per the definitions in NFPA 70,
Article 500, Class I, Division 1, Group B). Nonqualified
Apparatus (devices not approved for use in the sample gas
stream) must be separated from the sample stream by
engineered barriers.

3.3 General Chemical Process

The process parameters shall be measured with the following accuracies:

Measured Parameters : Accuracy
Temperatures + 2°C
Absolute Pressures | + 1% of Full Scale
Differential Pressures + 1% of Full Scale
Flow Rates + 10% of Full Scale

3.4 General Mechanical Process

The sample gas delivery system shall meet the following requirements:

3.4.1 Provide the ability to draw a tank gas sample under
pressures between -12 and +60 inches of water and be able
to structurally withstand temperatures between -10°C and
100°C and condensed vapors considered to have a pH
between 8 and 12.
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3.1.7 Software Design Reguirements

3.2 Piping
3.2.1

3.2.2

Software systems shall utilize vender supplied software and
custom developed interfaces. Custom developed software
shall be documentated and validated per WHC-CM-3-10,
"Software Practices”, Section SP-3.0, "Development" and
Section SP-6.0, "Configuration Control™” :

Per the definitions in NFPA 70, Article 500, the sample
stream is a Class I, Division 1, Group B environment.
Devices that come in contact with the sampie stream must be

“intrinsically safe. Nonqualified Apparatus (devices not

approved for use in. the sample gas stream) must be separated
from the sample stream by engineered barriers.

The sample stream shall be completely contained within
piping or instrumentation between the inlet ports on the
tank exhaust header or sample port and release back to the
exhaust header or tank vapor space.

3.3 General Chemical Process

The process

parameteks shall be measured with the following accuracies:

Measured Parameters Accuracy

Temperatures + 2°C

Absolute Pressures

+

1% of Full Scale

Differential Pressures

I+

1% of Full Scale

Flow Rates + 10% of Full Scale

3.4 General Mechanical Process

The sample gas delivery system shall meet the following requirements:

3.4.1

Provide the ability to draw a tank gas sample under
pressures between -12 and +60 inches of water and be able
to structurally withstand temperatures between -10°C and
100°C and condensed vapors considered to have a pH
between 8 and 12.
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Provide the sampled gas from the sample point to the
analytical instruments in Tess than five minutes and
maintain sample delivery speed upon isolation of any
analytical instrument.

Provide two submicron sample gas inlet filters inside the
GCS building with differential pressure indication.

Provide capability to isolate individual sample line
components, as practical, for maintenance.

Provide the necessary fittings filters, valves, piping,
and sample containers to allow gas samples to be captured
and transported to a laboratory for independent analysis.

Manual sample gas flow control, with local flow and
pressure indication, shall be provided.

Exterior sample gas lines shall be trace heated to
maintain a minimum sample temperature of 30°C to avoid
condensate buildup.

Manual sample isolation valves shall be located as close
to the tank sample and return points as possible.

Manual isolation valves shall be located in the sample _
system in such a way to minimize large volumes of trapped
gas that would dilute the analyzed sample or calibration
gases.

Layout the space in the GCS building to allow expansion
for other systems.

The sample shall not be allowed to vent unfiltered to the
environment.

3.5 Systems Interface

The process instrumentation monitoring pressure, temperature, and flow
shall interface to the stand-alone data system via 4-20 mA current Toops
or discrete contact closures. The analytical instrumentation shall have
the potential to utilize digital data Tinks to transmit their processed
data to future data acquisition systems, such as DACS for display and

recording.
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4.0 FACILITY DESIGN CRITERIA
4.1 Architectural

The design of the GCS building shall meet the requirements for Safety
Class 3 structures as specified in SDC 4.1. As such, it shall be
designed to maintain the analytical equipment in a clean, dry and
mechanically stable environment when the following external conditions
exist:

- air temperature of -23 to +38°C

- relative humidity of 5 to 100% condensing

- wind speeds up to 70 miles/hour

- rain, snow, sleet, lightning, hail, b]ow1ng sand and dust

= radiation up to 100 mR/hour ,

4.2 HVAC
The HVAC system must be able to maintain the interior of the GCS
building at 24 +3°C with all penetrations sealed. Room ambient

temperature shall be displayed on a local digital readout that shall
provide a 4-20 mA signal to the data system for remote monitoring.

4.3 Electrical

4.3.1 AC power to the computers and process instruments shall
be conditioned to reduce voltage surges and electrical
noise.

4.3.2 An uninterruptible power supply (UPS) shall be used to
provide power to selected instruments and the system
computers.

4.3.3 Outside lighting shall be provided at the personnel access
door, and inside Tighting shall be provided at a level
sufficient for personnel to perform setup and maintenance
functions. ‘

4.4 Communications and Telecommunications Systems

4.4.1 The GCS building shall be provided with a LAN drop and
telephone service.
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4.5 Penetrations

4.5.1 Personnel access shall be by a single door which will be
gasketed sufficiently to maintain air and dust inleakage
near zero.

4.5.2 Penetrations for electrical power, instruments signals,
communications, and instrument gasses shall be through
conduits sealed to prevent entry of outside air, dust, and
vermin.

4.6 Compressed Gasses

4.6.1 An outside bottle rack and manifolds shall be provided for
several compressed gasses which will be used for GC carrier
gas, instrument calibration, and valve actuation.

5.0 GENERAL REQUIREMENTS
5.1 Safety Class

The GCS has been classified as a.Safety Class 3 system in accordance
with the requirements of WHC-CM-1-3, "Management Requirements and
Procedures,” MRP-5.46, "Safety Classification of Systems, Components and
Structures," since its failure could adversely effect the health and
safety of the operating personnel inside the GCS building. Failure of
the system could also resylt in a release of radioactive material to the
environment. General design and quality assurance requirements for
Safety Class 3 items shall be followed.

5.2 Fire protection

Fire Protection or suppression will not be required for the GCS
Facility per DOE Order 5480.7A, Fire Protection. Since the
facility will not normally be occupied by personnel, contains a
dollar amount of equipment under the minimum limit, and its loss
will not be a serious threat to personnel safety or the
environment.

5.3 Quality Assurance

Documentation associated with the design and construction of the GCS
shall be assigned Approval Designator SQ for purposes of document
approval. This is based on the requirements of WHC-CM-3-5, Section
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12.7, Rev. 0, Approval of Environmental, Safety, and Quality Affecting
Documents.

5.4 Operating Personnel and Services

The GCS shall be designed such that the building shall not normally need
to be staffed by operating personnel.

6.0 REFERENCES
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