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ENGINEERING ALTERNATIVES STUDY - WASTE TANK SAMPLING SYSTEMS

1.0 Objectives

Sampling of the waste forms in the Hanford single sI ™ tanks (SSTs) and double shell tanks
(DSTs) 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 and the U.S.
Environmental Protection Agency.

The Hanford Federal Facility Agreement and Consent Order (also called the Tri-Party
Agreement or TPA) was originally signed in May of 1989 and established a Hanford site
restoration plan with interim and final milestones for each major program. Included among
these milestones is M-10-00, Characterization of Single-Shell Tank (SST) Wastes. M-10-00 has
13 interim milestones for core sampiing and analysis of SST wastes to be completed by
September 1998. Developing a Hard Salt Cake Sampler is the 13th interim TPA milestone and
this study reviews sampling methodologies for meeting M-10-13.

The waste materials in the tanks originate from nearly 50 years of defense production activities
at the Hanford site and are comprised of highly radioactive fission products and chemical wastes
generated during processing of the defense materials. The wastes originate from a variety of
processing operations and have been subjected to many treatments, including evaporation, cesium
and strontium stripping, precipitation with ferrocyanide, and others.

This resulted in more than 150 tanks with mixtures of solids, slurries, sludges, and saltcakes
with variable concentrations of fission products and chemicals, and in many cases, stratified
layers of different compositions within one tank. The sampling systems must therefore be able
to retrieve representative samples from ail levels within the tanks. In addition, core samples of
the sludges and salt cakes must be undisturbed to permit physical properties measurements to
be performed in the lab.

Because of the radioactive components in the wastes, one of the primary concerns is in limiting
exposure to operating personnel collecting the samples. This concern presents unique problems
in designing shielding, containment and sample retrieval. The safety problem is further
complicated by the fact that the wastes may contain flammable, explosive and/or highly
hazardous or toxic chemical compounds. The sampling systems must be designed and operated
in a manner that minimizes or eliminates the potential for an accident that could release the
wastes into the environment or endanger human heaith.
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Numerous approaches for sampling these wastes are possible. The purpose of this report is to
compile a listing of potentially viable sampling methods, assess the feasibility of these methods
against the sampling performance criteria, and to compare and rate the systems that can meet
the mandatory criteria.

As a subset of the sampling alternatives assessment, a review of alternatives for core sample
retrieval is presented. Core samples may be cut by either rotary, impact, or push mode
samplers. Retrieval of the core sample fromthe v~ ~ 1 be done in a variety of ways.
App! les for s__ple al device closi which have been consi are also presented.

This report will also assess alternatives for monitoring bit temperatures during rotary drill core
sampling of hard saltcakes. Bit temperature monitoring is necessary to assure safety during
sampling of potentially flammable or explosive saltcakes with samplers that can generate heat
at the salt cake-bit interface. Testing in Hanford labs has shown that the chemical reactions of
concern cannot be initiated at salt temperatures less than 180°C. To provide a safety margin,
the maximum allowable bit temperature has been set at 150°C.

Various fluids that might be applicable for use as hydrostatic balancing fluids when sampling
waste tank solids are also identified and assessed. Hydraulic head fluids are used to assure
displacement of liquid wastes from the core sampling apparatus during sample retrieval.

2.0 Recommendations and Conclusions

The truck mounted rotary drill rig utilizing the "universal or tandem sampler” meets ail of the
criteria set established for the sampling system. While this system does not have direct
measurement of bit temperature, preliminary testing has shown that the bit temperature can be
reliably limited to less than 150°C by maintaining a purge gas flow at .57 cubic meters per
minute (20 scfm) or greater during drilling. Final gas flow requirements will be established
during "safety envelope” tests. In addition, the "universal sampler can be used as a liquid
sampler, thereby permitting the sampling of all tanks, including multiphase tanks, with one
device.

The drill head and a shielded sample retrieval system are mounted on a turntable which allows
placement of the appropriate system over the drill string safely and with a minimum of effort.
The design is the result of several evolutions and represents an integration of conventional
equipment and the adaptations required to assure safe handling of hlghly radioactive and
hazardous wastes.

An enhancement to the current rotary drill may be the addition of a vibratory or "sonic”
capability to the package. A specially designed transducer transmits variable frequency and
amplitude soundwaves down the drill string to fracture the material being drilled, thereby
allowing a much lower rotational speed to be used for an equivalent penetration rate. It may be
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possible to adapt a transducer to the existing rotary drill rig and achieve acceptable penetration
rates without generating enough heat to reach the 150°C temperature limit.
Further exploration of this application is recommended.

Other types of drilling techniques, such as vibratory, impact or gas jet drilling, could be used
in conjunction with the "universal sampler”, making them acceptable from the retrieval
standpoint. Because of the extensive time rec ° :d to develop or adapt these systems for
radioactive service and test them, there appears to be little advantage over the current design
drill rig and drill bit. All of these techniques ap; ' to have the potential to generate sufficient
heat such that bit temperature monitoring would be required.

The two "bottle-on-a-string” methods of sampling received the next highest ratings (after the
"universal® sampler when assessed against the criteria applicable to sampling liquids and
slurries). There is, however, a higher risk of spreading contamination and of receiving more
operator dose than the current method.

The method involves lowering a weighted, corked bottle on a wire through a riser and down to
the depth desired. The cork is also attached to the wire in such a manner that it can be removed
by sharply pulling the wire upward. This allows a sample to be taken at any depth in the tank.
The bottle is then pulled back up through the riser; quickly capped, rinsed and placed in a
shielded container. Contamination and dose experience in the past has been acceptable, however
the success of the activity is highly dependent on the experience and skill of the personnel taking
the samples.

Past attempts to develop a shielded system with full containment for use with the bottle-on-a-
string approach have not been successful. Transfer of samples from the shielded receiver to a
shielded transfer cask have also been problematic. Further development is required to refine a
design for replacement of the bottle-on-a-string method.

3.0 Sampling System Alternatives

3.1 Sampler Performance Criteria

The following criteria describe the desired performance capabilities of a system for sampling the
wastes in the Hanford single and double shell tanks.

* The system shall be able to obtain the required samples through tank-top risers
with diameters of between 10 and 30 ¢m (4 and 12 inches nominal).
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The system shall be able to sample liquids and slurries.

The system shall be able to sample sludges, soft saltcake, and hard saltcake and
combinations thereof.

The systemn must be able to sample the entire depth of waste material from the top
surface to within three inches of the bottom. This is about 11 meters (35 feet)
of depth maximum.

Core samples must contain a minimum of 4.7 cm® of waste material per
centimeter of depth.

Liquid samples must be at least 100 mL in volume.

The system shall not alter the physical properties of the material being sampled.
Undisturbed, representative samples of the solid waste materials are required to
allow determination of properties such as density, moisture content, shear
strength, viscosity, stratification, and crystalline structure. Dilution by supernate
or hydrostatic head fluid must not occur. Liquid samples containing suspended
solids must be representative.

The system shall not alter the chemical properties of the sample, including
organic and inorganic constituents, radioisotopes, pH, heavy metals, etc. Dilution
or dissolution of salts by supernate or hydrostatic head fluid must not occur.
Cross-contamination of samples and contamination from the supernate or
hydrostatic head fluid must not occur.

The system shall not cause harm to the tank floors or wall. (Maintaining tank
integrity is of prime importance.)

The system must be highly reliable. It shall recover at least 90% of a full sample
90% of the time.

Operation of the ~—~ ple system shall not cause the tank waste material
temp.._ure to ceed 180°C. The sampling app: tus temperature shall be less
than 150°C.

Direct temperature monitoring shall be provided if the sampling mechanism has
the potential of exceeding 150°C on any portion that contacts the waste.

Retrieved samples and associated hardware must fit in the existing Hanford hot
cell facilities.
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Sampler vertical position must be measurable within 2.5 cm (1 inch).

Sampler must remain operational after exposure to the tank contents for at least
three weeks. Radiation doses of up to 2000 R/hr and corrosive solutions with pH
in excess of 12 may be present.

The system must be designed to limit the exposure of operating personnel to
io ion AL"TA. Inno : shall the dose & for an individual

exceed 30U mrem/week.

Exposure of personnel, either on-site or off-site, to hazardous or toxic chemicals
shall be prevented.

The system shall be designed to prevent the spread of radioactive contamination
or the release of hazardous materials into the environment.

The system shall be able to obtain a full length sample in a reasonable length of
time, not to exceed 2 weeks for a full length sample.

Generation of secondary wastes shall be minimized.
The system must operate safely in an environment potentially containing explosive
gases and flammable liquids or vapors, i.e., no sparks or other ignition sources

are permitted.

The system must not react chemically or physically with nitrate, nitrite, caustic
or organic compounds.

The sampler support system must be reusable, mobile, and maintainable.
The system should be capable of taking more than one sample from a given riser.
This is desirable should resampling because of poor recovery or to confirm prior

sample results become necessary.

All sampling hardware must be retrievable from the tank after completion of
sampling activities.

The system must be fabricated or procured, tested, approved for use, and ready
for full field operation by April 1, 1993.
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3.2 Sampling System Alternatives

The alternatives that have been considered for sampling the Hanford waste tanks are listed in
Table 1. ‘

3.3 Sampling System Evaluation

Jles 2 and 4 (S._ pler Conformance Matrices) present the evaluation of each of the sampling
systems against the performance criteria established in section 3.1 of this study. A yes-no
indication is provided for each criterion for each sampler system. The number of yes indications
is then summed at the bottom of the table to provide a composite rating of the system. The
higher the number rating, the better the alternative was deemed to be.

In addition, ten of the criteria were identified as mandatory. These are highlighted in Tables
2 and 4 by shading. If a system failed to meet any of the mandatory criteria, then it has "failed”
overall. Table 3 presents summary justifications for the pass/fail decisions for the solids
samplers.

4.0 Sample Retrieval Alternatives
4.1 Sample Retrieval System Performance Criteria
The following criteria describe the desired performance capabilities of sample retrieval systems

to be used during core sampling of sludges and saltcake wastes in the Hanford single and double
shell tanks.

* The system must operate inside the drill string of the core drill system in use.

* Placement of an empty sampler and grappling of a full sampler must be
accomplished with an enclosed, shielded device at the top of the tank riser used
for sampling.

* The retrieval system should be an integral part of the core drilling system.

* The system must be able to retrieve at least 90% of the core segment 30% of the
time.

* The system must be able to retain sludge, granular saits, hard saltcake, and
interstitial liquids.

* The system must be able to section or break off a hard saltcake core segment at
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the bottom of cored sample. Some of the hard saltcakes are highly cemented.

* The systemn must not disturb the structure of the core. Physical properties tests
that are to be run on the sample depend on obtaining an undisturbed sample to
assure accuracy.

* The system must fit in the space envelope of the laboratory hot cells and must
*~*em1 e with the sample extrusion equipment that is avai e. Altern e sample
extrusion or recovery systems may be provided as an integral part of the retrieval
system.

4.2 Sample Retrieval System Alternatives

The alternatives that have been considered for sample retrieval systems during rotary mode
sampling of the Hanford waste tanks are listed in Table 5.

5.0 Rotary Bit Temperature Monitoring Alternatives

5.1 Temperature Monitoring Performance Criteria

The following criteria describe the desired performance capabilities of a system for monitoring
the drill bit temperature during rotary mode sampling of hard saltcake wastes in the Hanford
single and double shell tanks.

. The system must be capable of sensing drill bit temperature on a real time basis
and providing the operator of indication that the bit temperature has exceeded the
150°C operating limit. Continuous temperature monitoring is desirable.

. A real-time audio-visual alarm that trips at 150 + 5°C must be provided at the
sampler drill rig control station.

. The bit temperature monitoring system must operate safely in an environment
potentially containing explosive gases and flammable liquids or vapors (i.e., the
system must be intrinsically safe).

. The system must fit in the existing space envelope of the rotary bit/ universal
sampler.
* The system must work reliably in the operating environment of the waste tanks.

Corrosive aqueous solutions (7.0 to 12.5 pH) and organics may be present. The
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maximum waste temperature is approximately 92°C.
- The temperature sensing elements and associated wiring must be able to withstand

radiation damage from a 2000 R/hr field for three weeks.

* The temperature data transmission system, if fully contained in the drill bit, must
withstand radiation damage from a 2000 R/hr field for 3 weeks. If the data
transmission system is mounted on the sampler, it need only withstand the
radiation damage for 1 week.

* For methods that attach directly to the bit, four temperature sensors are required
(two on each row of bit teeth).

- The temperature sensor mounting must be able to withstand up to 682 kg (1500
pounds) of compressive force which is applied to the bit face during drilling.

. The drill string and bit will rotate at up to SO rpm during drilling operations. The
sampler rotation is independent from the grapple cable during sampling. Counter
forces may cause some cable rotation.

. The temperature data transmission system must accommodate the fact that the
drill string is extended in successive 0.49 meter (19 inch) sections as the drilling
and sampling operation proceeds.

. If telemetry or transmitters are mounted to the bit, power supplies must last for
a 3 week period.
* Liquids and nitrogen gases will flow down the inside of the drill string and return

with dust and muds along the outside of the drill string.
5.2 Bit Temperature Monitoring System Alternatives

The alternatives that have been considered for monitoring the drill bit temperature during rotary
mode sampling of the Hanford waste tanks are listed in Table 6.
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6.0 Hydrostatic Head Fluid Alternatives

6.1 Hydrostatic Head Fluid Performance Criteria

The following criteria describe the desired performance capabilities of hydrostatic head fluids
used during sampling of sludges and saltcake wastes in the Hanford single and double shell
tanks. The: criteria have been exc.__.ed .__.n some of appl )le references (listed in section
8.0)

* The density of the fluid must be less than that of the wastes, preferably less dense
than water (1 g/cm’) to minimize sample contamination.

* The fluid should be immiscible and insoluble in water.

* The fluid must not dissolve the waste and should be immiscible in the waste.
* The fluid must not react with the waste.

* . The ﬂuiq must have a low volatility and be nonflammable.

* The fluid must be nontoxic.

* The fluid must be stable to radiation, heat and normal atmospheric exposure.

* The fluid must be readily available and inexpensive.
6.2 Hydrostatic Head Fluid Alternatives

The alternatives that have been considered for hydrostatic head fluids during rotary mode drilling
and sample retrieval in the Hanford waste tanks are presented below.

6.2.1 Organic Liquids

Many organic compounds are liquid at the temperatures encountered in the waste
tanks and meet the density requirements. The main problem with any compound
that has hydrocarbon components is that they can mask other organics that may
be present in the saltcake, making detection difficult. A possible solution to the
masking problem would be to "tag" the organic fluid with a radioactive tracer
such as deuterium. Resolving the tracer from the other radioactive emitters
would be difficuit.
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Organic liquids, when used with a purge gas clearing and cooling system, are
forced into the waste matrix and remove soluble wastes after each sample
exchange.

NPH, a mixture of straight chain (normal) hydrocarbons of the range from C-10
to C-14, has been used extensively in the past as a hydrostatic fluid in sampling
the waste tanks. It has a density of about (.72 g/cm?’, is immiscible in the
aqueous supernate, does not react with the waste, is radiation resistant and is non-
toxic. NPH, however, prevents proper inventorying of solvents al: dy in the
tank since NPH was used in many of the extraction processes.

Other normal hydrocarbons are possible candidates, however many of them share
the same problems of volatility, flammability, and contamination of the sample.
A number of the glycols and organic alcohols might also meet many of the
requirements, however these tend to be soluble in the aqueous phase and may
react with the wastes.

Halogenated hydrocarbons are generally more stable and many are immiscible in
the aqueous phase. The primary issue with these compounds is that they tend to
be volatile and are in the center of the ozone depletion concern. Densities of
many of these compounds are too high.

Polydimethyisiloxanes are commercially available in various formulations that
have custom viscosities and other properties. These compounds appear to meet
all requirements except for the presence of the methyl radical which may mask
other hydrocarbons. Since the methyl radical is small this impact on the lab may
be negligible.

6.2.2 Water and Water Solutions

Use of pure water for the hydrostatic head fluid meets many of the criteria,
however some of the constituents in the saltcake are very soluble in water and
will leach from the sample into the fluid. In addition, the analysis of the moisture
content of the samples cannot be made unless the amount of water added to the
sample from the hydrostatic fluid can be determined.

One approach to the moisture content determination is to add tracers to the water
used for hydrostatic fluid so that an adjustment can be made to the analyzed
moisture content, based upon the amount of tracer present. Radioactive tracers
are attractive since the determination can be made simultaneously with the gamma
analysis normally performed on the sample. The tracer must be of a short half-
life (to allow for resampling of the same tank) and must be readily measurable
in the presence of the other radioactive constituents. Only a limited number of




WHC-SD-WM-ES-208
REV 0
PAGE I30F &

suitable isotopes are commercially available. Handling of these tracers in the
sampling operations increases the risk of excess dose to the operators.

6.2.3 Gases

Gases have been considered for the hydrostatic fluid, including air, nitrogen and
argon. If the newly design rotary drill is used, which requires gas pu——ng and
coo'" g of the bit, tt  the s : _ ; should be used for the hya———"ic
dis; ° ‘ement. Inert gas may further reduce the risk in tl 1ks cor g
hydrogen or flammable organics, however the cost is significantly higher than
using air. Another concern with the use of air or inert gas is that the volume of
gas added eventually is discharged to the atmosphere through the tank vents. A
modular exhauster may be required to satisfy current environmental and operating
requirements. Another alternative may be to recycle the air or inert gas by
installing a compressor or blower whose inlet is connected to the tank exhaust
riser. This approach would limit the amount of gas discharged to the atmosphere.

7.0 In situ Analysis
7.1 In situ Analysis Alternatives

The waste materials in the SST’s and DST’s must be analyzed for composition and properties
in order to characterize them under RCRA and to provide data for development of retrieval
systems and pretreatment/vitrification flowsheets. Typical analyses are presented in reference
2 and include those for heavy metals, radionuclides, organics, chemical compounds such as
nitrates and nitrites, pH, and physical properties such as density, specific gravity, moisture
content, hardness and shear strength. It is possible that some of these analyses could be
performed in the tank, thereby eliminating the need for some samples. Alternatives that have
been considered for this in-place or in situ analysis are described below. In most cases,
development and testing programs would be required to assess the effectiveness of the systems.

* Magnetic - Magnetometer measurements could be made inside the tanks.
Interpretation of the results might provide information on locations of liquid
"pockets” of liquid or voids.

* Electronic - Ultrasonic and radar measurements could be used to more accurately
define the volume and surface features of the saltcakes

* Seismic - A miniature accelerometer could be inserted into a drill string to
measure responses of the saltcake. Vibrations could be induced by impacting the
saltcake surface from another riser. Saltcake densities and void locations could
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be inferred from the data.

Radiographic - In-place gamma spectrometry measurements could be made by
lowering a detector down the inside of the drill string. The radiation field would
probably require a substantial attenuator be used which would significantly reduce-
the resolution. An alternative approach would be to heavily shield the detector
and use a small diameter path to the detector to limit the countrate. The current
5 cm (2 inch) inside diameter of the drill string would probably limit this
technique to the use of a GM tube or a sodium iodide crystal, neither of which
offer good spectrum resolution.

Adaptations of neutron activation, x-ray fluorescence, and critical edge absorption
techniques might also be employed for remote determination of certain elements,
however the size restrictions and background radiation fields present probably
make these approaches impractical.

Temperature measurement - Infrared devices (pyrometers) are available which can
provide data on the surface temperatures of the crusts, saltcakes or liquids. Since
this type of device only senses surface temperature, it is of limited use, however
it has the advantage of sensing through the riser openings. Direct reading
temperature devices such as thermocouples or resistance thermometers can be
inserted into the drill string to measure local temperatures.

In situ chemical measurement - Sensors for measurement of pH, resistivity, and
conductivity are available. Ion specific electrodes might be used for some
measurements. Fiber optic systems have been developed that utilize chemical
specific activated surfaces and laser-induced fluorescence for remote analysis.
Solution polarimetry, refractive index and optical absorption measurements could
also be made using fiber optics.

Penetrometer - This type of device could be used to obtain strength and hardness
measurements of the surface materials.

Nuclear densitometer - This type of equipment is routinely used to measure in-
place densities and moisture contents of soils. This device might be adapted for
measuring saltcake density and moisture content.

Shear vane - This device can be used to determine fluid flow properties remotely
by measuring the torque required to rotate a paddle or shear vane suspended in
the fluid. A further application might be to measure strength properties of the
saltcakes.
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ADVANTAGES

Table 1 - Sampling System Alternatives

DISADVANTAGES

VIABILITY

JUSTIFICATION -

Crans supported rotary drill ) A Longyesr rotary core drill was sispeaded from s * No equipment an tenk top. * Poential to drop sampler. Functional for core sampling, but truck mounted rotary 1,3
with carbide bit boam crans sllowing “remots” plso ment into & * Ope P d by di from * Lack of containcnent. drill tus advantages.
riser for sampling. riscr and sampling equipent. * Difficult (0 operate.
* Bit teroperature concerns.
* High industrial safety risks.
Tripod mounted rotary sampicr H Scaffold mounted watcr sluicing me bod. Commerecially availsbls. = Sample physical propertics disturbed. Sampl: retricval imp i
. ' * Exocesive scoandary waste. E i quip
* Industrial safety issuce.
Truck moumied rotary drill Hts Specially designed rotary core drill vith sample Low dose rates (o operator. * Could aut bottom of tank. Drill tit could penetrate tank bottom. 34
with carbide bit scpment retricval system, which util 2e8 an Can sample all materials when used with * Truck on top of tank.
suwomatic grappling latchk for shicide i sampls universal sampler. * Bit temperature conoerns.
retrieval. Also wtilizes reverse mlas angle bit. System fully operational, good reliability * Canitinment copccrn if inert gas
and operability expericoced. backpressure used.
Truck mounted rotary drill Ls,1 Specially designed rotary core drill * vith sample Low doso mates to operator. * Truck on top of tank. When atilized with unr i sampler, ly meets all 3.4
with soft merel bit and scgrent retricval sysiem, which util zes an Can sanpls all materials when usal with = Bit wampersturs concerns. criteris exoopt for bit \cmpersivre limit wxd \emperature
universal sampler awcmtic grappling latch for shickde | samplo universal sampler. * Comtsinment cooocrn if inert gas monitoring. New design w28 oooling will limit
. . retricval, Also utilizes reverse mks mngle bic. System fully operiooal, good relisbility backpressure used. temperature. Monitoring nweds to bo provided o
and operability expericnood. established vis a safety cavelope.
Bit docs not ot sweel tank.
Truck manted rotary drilf S,1 Rotary core drill with diamonds imix ied n bit. Bit ® Comxpercially svailsble. * Docs bot aut bard saltcake. Will xt st hard saltcakn. 5
with diamond big tested was specislly designed not (0 axt sicel. Docs pot ast seel.
Vibration sssisted rotary S,H Corn drilling system that uses ultras oic vibration (o Low spoed rotation may limit bit emperature. * Adaptation (0 existing equipment may bo Noeds testing to cvaluats.
drilling with universal sampler “cut” through moatrix, Could bo user| with existing expensive., May climi bit temp
universal sampler.
Soury at and ki H Rock drill wed in mining snd consts wtion. Chips Easily drills saitcaks. * Disturbs physical propertics of sampl Too “diny".
are transported o surface pocummaticr lly or with * Collection of sampls would invoh Excess scoondary waste.
of saltcaln. Pn ic sy mey we cych * Uss of cmad dary
scparatoe. waste and contaminates sample.

1. “Wauswe Form® refers 0 the fonn of U . material that can bs sermpled with the individual sitemative. The 'Vaste Form Cade is ss follows: L — Liquid or mixed shary; S — Shudpo or soft seitcake; H - Hard saltcake.
2 “Viability Cade” is the «sscssarnt of we applicebility of a sampling syssam. The Visbility Cade is as follws: N — Not viabie; P — Passibly usable - Mocts samp csiteria;

3. Sos Relereoxo Section of Report - listed

il by
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Table 1 - Sampling System Alternatives

ALTERNATIVE WASTE SYSTEM ADVANTAGES DISADVANTAGES VIABILITY REFER-
DESCRIPTION ‘ ENCES,
CODE, JUSTIFICATION
LI —
Reverse circulstion H Typicaily used with air or liquid to tr wasport chips * Easily drills saltcake. * Disturbs physical propertics of sampls. N E i quip it I
to surfs 1l| 9 Utilizes = Coll ofﬁ‘wdd' 10 2 H P 1-{ 3 eord
scoondary caisson for sirflow n anmu us. jion and exp Sysiem design pot initisted.
* Only functional for dry salicake.
* Requires additional casing for down flow of
sir.
Chum drill H Indexing percussion drill. * Conmercially available. * Disturbs sampie. N No sdvanisge ovet rotary drill. i0
* Cross ination of samp
Haod operated ward drill H Hand operated version of chum drill. * Comnereially available. * Disturbs sample. N No advantsgs over rotary drill. 10
* Cross instion of sampl
-1l
Reciprocal (washing machi S, Occellating rotstion of bit at low spea s. * No lotal rotation, penmitting clectrical * Low drilling speed. P Low drilling speed possibls bit texnpe
drill ioos to itoring & i * Disturbs physical propertics of sampla.
Rotated casing drill S,H Casing with drilling shos rowated into sks. * Prechxics caving in of bole in soft materials. * Requircs secondary drilling to retrieve sample. P Could b used in shadge and : ake,
Seoondary drilling of casing interior n quired.
—
Raiso dsill H Pllot drill thru tank bouom with bit an schod from * Comnercially availabls, ® Violates tank confi N Violates tank imscgrity. 1‘
beocaih taok and raised through lsva ¢ dke. * Sampl Yy impractical
* Diswrbs physical propertics of sampls.
Pe drill with sep H Hasener drill wilizing pocumatic trans sort of chips ® Easily drills saltcake. ® Disturbs physical properties of sampla. N Exicosiva equipment contsmination.
and dust to surfaco d cyclons &.p = Commercisily svailable. ® Collection of sample would invoh Exicosive support oquip ired
& imation and exp Sys\em design pot initisted.
® Only functional for dry saltcake.
Cabls wol S,H Impact driven, open sampice tubs usin, ; cable driven ® Relatively inexpensive. * Sluige sampis retsicval problens. 1 4 Could be usod (or bardcais.
bamwmer, * Coanmercially availabls. ® Mechanical geoeration of sparis.
* Limited core length,
® Could penctraws tank bouom.
Vibratory drill SH Coro drifling system utilizes vibestion .0 axt through ® Low best gencmation. * Pooe p ion of bard saltcaie N Tesiad 1989 — failed 10 peoctraw salicaks.
matrix. Quitings can bo transporiad x svetically. * Comncrcially svailable, ® Disturbs physical propertics of sanwple.
* Poential drill string teaperature concerns.
Doem bole hammer deill SH Poeumatic percussian drill with bead & bit ® Reduced stresscs on drill string. * Disturbs physical propertics of sampls. N
Roquires high pressure air supply dowa drill string. = Nat able to core sample smmil diameters.
Pocumatic mpect drill Jeck H Impact driven open sampler fubs twing pocummatic * Simple spproach. ® Limitd core leagth. P Could be used for bardcaks.
Hammoer) impect drive head. * Relatively inexpensive. * Shxge retricval problem.

1. "Wasts Fom® rofers 10 tho form of the maicrial that can ls sampied with the individual alternative. Tho Wiste Form Cado is as follows: L — Liquid or mixed slurry; S — Shudge or sofl saitcakes H ~ Hard salicale.
of e applicability of s eampling sysiemn. The Viability Cods is as follows: N — Not visble; P — Possibly wsabls - Mects soros criteris; A — Acocpiabls - Meets most or all criteris.

2. "Viability Codo® s the

3.

Soe Refe

Coat of R

Listed

2

2 2

quectial by
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Table 1 - Sampling System Alternatives

ALTERNATIVE SYSTEM ADVANTAGES DISADVANTAGES VIABILITY
DESCRIPTION -
JUSTIFICATION
Surface auger sanmler S.H Hand driven auger with contaivmen and shroud *= Sinple, * High exposure (0 madioactivity using Potcntial dose rates high
assembled down 4° riser. * Equipment inexpesive. unshiclded contsinmeat. Potertial for eavi { rch
..‘rlrL_l'lrr‘J‘A‘
Comp cors samph S,H Casing is sdvanced into ealicake by an & l * Single samplo roquired 1o ch * Disturbs plrysical propentics of core. Purposcly disturbe physical prop of samplo by 4
bivmixer which “bomogenizes® the ore samples of core. ® Retricval of sampics ot differcat depths homogenizing.
mixed waste retricved for amalysis. difficult.
Aupré-ingwithpemuia: S,H Auges typs routed casing with wee ¢f percussion * Can bs uecd in sludge. ® Requircs secondary drilling o retrieve sample. Could bo usad i sludge or soft cake,
sampler sampler 1o retricve sanpilo in casing = May disturb physical propertics of samph Casing' sbandoned in tank
* Casing sbandoned in tank.
Auger casing with universal S,H Augee type rotated cesing with rotar ¢ core drill and = Noms. ® Requircs secondary drilling o retricve samplo. No advaotage over truck mousted rotary core drill.
saampler universal samplet 1o retrieve sample in casing. ) * Camnot peoctraws bard saltcake. Casing sbandooed in tank.
® Casing sbandonod in tank.
Mechanicsl post hole digger s.H Augee type machine, truck or tracton rooureed, * Simple Can’t acocss wasie in tanks. Dose rutcs and p ial for cavi i rch Noos
similar to those used for placing pow zr polcs. Disturbs phrysical propertics of sampl unacccptably high.
E dose and Impractical mechanical constraings,
poteatial.
Madified hand auger S,H Hand driven suger pulls material to surfacs. Can bo * Stmple. * High exp w mdicactivity and oxic Daose retes and potential for envirommnental reicase high. &7
designed 1o taks & core sample. Equip very inexp chemicals.
* No contsinment.
= Saople physical propertics distusbed.
*One-picce® core sampler H Cue picon sampler of length adequets 10 sample * Coouncreially availabls. * Sludge sample retricval problems. Could e usad for herdcakn.
cantire solids depch. * Relatively incxpensive. = Limited core length,
Hydraulle push mods S,H A sampio tubs is pusbed into waste, [illing the nibs ® Simpic approach. * Can't peoctrats most hard saltcakes. Could e used for crust or surface sampies, not viabls for E
with ¢ sanple. When qubs is reoaove |, sampls is * Full core tubs can't bo bandled outsids of tank full cons.
retained in end by friction. Can be U kxa as e full or st anajytical hot aell.
depth com or in scgcnte. * Could peoetrato tank boutom.
= rf o ﬁ.—'—. 1_- 1 of the
drill siring to retricve tho segment. *
* Cross-contaznination from wasis sloughing
into bols is likely.
= E i quip ight may d wnk
capacity.
= Drill string sy buckle withaut mechanical
support.

1. *Waste Form® mfers to to form of the msterial that can bo sanpled with the individusl alicestive. Tho W aste Form Code is as follows: L — Liquid oc mixed ehary; 8 ~ Sludge or sodt salteakes H — Hasd saitcalke.

2. *Viability Codo® is tho of the =ppli

3. Soo Relk Section of Report -

b

Y

bility of a sampling sysiem. Tho Viability Code is ss follovs: N = Not viabie; P ~ Possibly ussble - Mects samo criteria; A ~ Acccpsbie - Mects most or all criteria.
Listed ial by
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Table 1 - Sampling System Alternatives

_—
ALTERNATIVE SYSTEM ADVANTAGES DISADVANTAGES VIABILITY REFER-
DESCRIPTION ENCES,
CODE, JUSTIFICATION I
e et et e————————————————————
Tapered sampler dropped jcally . penc * Smple. * Limited to susface sampling Successfully tested for special condition anly.
shudge. Sampler retrieved by cable « ther. * Relatively ipexpensive. * High exposure to radicactive and toxic ]
matcrials.
Tractor ar track mounted backhos wit s scoop ® Commercially available ® Can't acocss wasies in tank. Dosc ratzs and p ial for exvi i rel Nowe
shovel. * Simpis 10 use. * Exocasive dosc. unscoeplably high
= Rugeod Impractical mechanical
Hand shovel or post bole Mamally opemated shovel, post bols cigger or *= Simple. ® Can't acocss wasies in tanks, Dose rawe and p ial for eavi 1 rel Nomo
digger similar tool. * [nexpeosive. * Exccasive dosc. wnacccpubly hight
* Disturbs physical propertics of sampic. Iropractical mechanical
Clam shell shovel S,H Mini spring cl clam shell - uspeoded * lnexpensive. * Disturbs physical propertics of sample. Possibic application with a robatic arm Lo sampis specific
from cranc book. Used 0 sample shu (ges in canyon * Can fit in 8-12° via. dser. * Limited to shallow boles and soft shallow larget arcas.
facilitics. ® Tested in radicactive materials. materials.
* High exp and
poteatial upon retricval.
Dazer trenching H Duazer physically ching surfacs of wltcais * Coomnercially availabie. * Can't scocss wasts in tanks. Cannct acocss waste., Noos
* Radistion dose amxi contaminstion levels Doses would bo intolerable.
unacceptable.
Water jet cutting S,H High pressure water jet used 0t me tevials. * Low teanp > Dot 1 . Exmnwvohmof“m pexerated. Not wsted,
Existing applications can ot 3° of st L. * Dilution/s of sample probabl Generetes exocss liquid wasie.
* B 1 high p quired Dissolves some of samphk
Laser axting 15 Laser cutting of core. * Technology available. * High tcamperature. E ivz tcmp preciudes use in tank
= Cuts botom of tank. caviroocots.
* Exocssive power supply requircments.
Guas jet cunting, with grit H High pressure gas dischargs at bit witl sbrasive ® Reduced beat generation at bit. * Sampile cross Would require exicosive wating,
it * Sample crosion.
* Exteosive support systemns required.
Gus jet cutting, without grit H High pressure gas discharge at bit. * Reduood heat generation at bit. ® Sampic cross contamination. Would require extensive testing,
* Sample crosion.
* Extensive support systems required.
Saw aut sampler H Chein ssw uned W aut blocks of bard s aiteaks. * Cammncreislly availsble, * Retricval of cores difficult. P 1 for exr i rel
(Possibly fram robotic arm.) * Depth of sampls limited to blade kength. trpractical mechanical consteaints.

1. "Wasie Farm® refers 0 the form of the material that can bs sampled with the individual aliemative. The W sts Form Code is as follows: L — Liquid or mixed shary; 9 —~ Shaige or soft salicake; H — Hard saltcsln.
2. “Viability Coda® is ths ases of tho spplicability of s saropling systern. Tho Viability Code is as follow 3t N — Not viabls; P — Possibly wsable - Mects somo criteris; A — Acceptabis - Mocts most or all criteria.
3. Soo Reforencs Section of Report - rop listexd sequentisl by 5
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Table 1 - Sampling System Alternatives

SYSTEM ADVANTAGES DISADYANTAGES VIABILITY
DESCRIPTICN

JUSTIFICATION

Robotic azm inserted through larger riser with Could obtain sampics in arcas of the ive. May b y to sllow

pic, or folding R ly guided tank not through existing riscrs. i P and testing insocxasible from risers.

with clased-circuit television. Coupiad with s .
pier, possibly a miniatu o rotary drill Probably limited in depth of sample that

that is placed on the surface of the s dtcaks by the can be taken.

robotic um. May disturb physical properties of sample.

(N

Bottie an a8 string L A weighted bottle with a cork inserte 4 is lowered ® Simple. ’ . * No containment during reiricval. A Obtairs acocptabls liquid or shurry sample with scacptable
into the tagk. Al the desired depth L' string, which ® Inexpensive. *= Risk of spilling solution, spread of Operator exposure.
is also attached to tbe cork, is jerked pulling ot the ® Can samplo at different depths in te liquid. cootamination.
cork. The botle fills with solution s xd is then . * Dosc can be high if not dane properly.
retrieved through ths riser band-over band. = Bottle open —~ some mixing with upper
solution as sample retrieved.
Madified bottle cn & string L Same as described above (Bottle an s string), with = Sumple. * No containment during retricval. A Better rample than open bottke.
the eddition of & sclf closing Lid whic 2 irnproves *= Inexpensive. ® Risk of spilling solution, spread of
3 ssoxple inkegrity. * Can samplo at different deptbs in ths conlaminstion.
Liquid. * Dosc can bo high if not dans properiy.
Dip sampler L Open topped sampler on 8 long meta rod. * Simple *= No contairmment during retricval. P Limilos dose adventage over bottle an s string. Might be
Manipulaied from s cranc into riser. Plunger ® [Inexpensive. ® Risk of spilling sohaion spreading desirable for sampling NCAW,
opersted ball vaive an bottom 10 allo v °remote” * Docen't require hands-on operation by caontamipstion.
tranufer of sample to shickd boule. persomoel, = Sample mixed with solution sbove
desired sapls kevel.
Kemrerer Sampler L Dovelopod for decp oocan sampling, Opers st ® Tested techoology * Opening and closing mechanism would N No advantsges over existing bottle on string.
desired depth upan signal from susfac s, thea * High integrity sample noed to be custom designed. More difficult to uss.
recloscs. * Will work in depths of solution in tanks. * Expensive compared to bottle on string.
* No X dusing retricval.
3 = Probably wouldn't fit in existing shickled
sampls carricrs.
Automatod “visl on a pulley® L Similar 1o bottle on a string exoept th 4 system ® Less chancs of contamination spread or * More expensiva. P Noods develop to provid 4 of vial and
3 inchudes mechanical recl retricval, shicided recciver exceas exposure than bottle on & suing. * Not developed amd testod. fet to shiclded sampl 5
and cootairgnent. * Trensfer 10 clased, shickdod sampls
carrier difficult.
Evacuased samplee i. Similar to boitle on a string tut wiliz’ 1g cvecuated ® Represcatative sample at all levels. * Exp of d i P P 1 for i
cantaiver with velve. ®= Cantainer scalod during retricval.

l. “Wasio Form® refers 0 the form of the material thet can bo sampled with the individusl altcrmative. The V'aste Form Code is as follows: L ~ Liquid or mixed sharr; 8 — Sludgs or soft salicake; H ~ Hard saltcaie.
2 "Viahility Code® is the of the applicability of a sempling syseem. Tho Visbility Cods is as foliove: N — Not visble; P — Passibly usable - Mocts some criteris; A — Aocceptable - Mocts most or all criteria.
3. Seo Refe Section of Repart - Listed ial by b
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Table 1 - Sampling System Alternatives

ALTERNATIVE SYSTEM ADVANTAGES DISADVANTAGES VIABILITY

DESCRIPTICN
CODE, JUSTIFICATION
Cryogenic sampler L Small bouls filled with liquid nitroge » is lowered * Simple * P ial for ination spread. N No advantage over bottle on a string. Several sdditiooal
into wasto tank. Solution f; w ide of * [nexpensive * Sampls may not be represcatative of probleum cesuit.
bottle. Sample retricved and thawed. solution in tank. Separation may occur

during freczing.
= Safety problems with handling liquid nitrogen.

West Valley Thorex Sampler L Recirculating sempler utilizing water jet as motive * Existing design. * Adds water to lank volume. N Water addition not desirsbla.
foras. * Provid fi of 4

Peristaitic pump sampier L Recirculating sampler wilizing perist itic puop foe * Touwlly confinod system. * Pump may ncod to be located in N P igl hyd ic probk with pump design
confined motive force. tank/liquid 10 overcooms hydrostatic aapebilitics.
pressure/suction head.

Air-lift sssisted, vecuam L Recirculating sampler wtilizing vecas o as motive ® Capabie of liing solution to top of tank. = P ial for ination spread fram P Providzs confincment of sample.
operated sampler foras with pressurized sir lift 0 sucti m leg to attain Demoostrated design. vaQusn souros.,
high Lft. Provides confincnent of sarmple.

Push mada core sampling truck * Provid £ of sampl A * More expensive than bottle o a string. A Provides acccptable sample of liquid and shadge modiume
® Provides shiclding of sanple. * More labor inicrsive than boule on a with ccnfinement snd shiclding.
* Kooem samples depth string. .

* Provides confinement of sample. * More cxpensive than bottls on a string. A
Provides shielding of samples. * Mores labor inensive than bottle on &
string.

-

I. "Wase Form® mfiers 10 the foom of ths mmterisl thet can be sempled with the individusl alicmative. Tha W este Foon Cads is s follows: L — Liquid or mixed shan; 8 — Shudge or soft salicales H — Hard saltcake.
2 “Viability Cads® is tho ssscasment of the spplicability of s sanypiing system. Tho Visbility Cods is as follo=s: N — Not visble; P —~ Possibly usable - Mocts same crieria; A — Acoeptable - Mects most or ail criteria.
3. Soo Ref Section of R - listed soqazatisl by manher.
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Crane supporied Tripod Truck mounted Truck mounted Truck Vibratlon
rolary drlll with mounied rotary drill with rotary drill mounted assisied
carbide blt rotary carbide bil with modifled rotary drill rotary driliing
sampler blt and with diamond with universal
universal bt . sampler
sampler
A Longyear rotary Scaffold Spedally Speclally Rotary core Cove drilling
core drili was mounted designed rotary designed rotary drill with syslem Lhat
suspended from a waler slulcing cove driil with core drilt with diamonds uses
boom crane method. sample segment sample segment inbeded In blt. ultrasonic
allowing "remote” retrleval system, reirieval Bit tested was vibration to
placement nto & =1 which utilixes an sysiem, which specially *cut” through
tiser for sampling. automatic uililzes an designed not matrix.
grappling laich aulomatic o cul stedl. Could be used
for shield grappling laich with existing
sample retrieval. for shield universal
sample samplec,
rettleval.

I TS, aISaS—S——IE_————" ..
e e e

Individusl doso shall not excood 300 mrem\weck.

Y Y Y

Tho sysicm shall be able to samplo Hiquids and slurries. N* N= N* Y N*

Samplo sludges, soft and hard salicako and binati Y Y Y Y N

. Y Y Y Y

Conlain & minimman of 4.7 e’ of material per cm of core. Y Y Y Y Y

Liquid samples must be st lcast 100 mi In volume, N/A N/A N/A Y N/A

PRI : . . ' Y v

 Undisturbe;,

The system shall not alter the chemical properies. Y Y Y Y Y Y
The eystem shall ot cauisa hasn o lhnunl'noon ;or: Y Y N Y Y Y

Shalf recover at least 90% of a full sample 90% of tho time, Y Y Y N Y
T . . . .

Direet temperuturo monlioring shall bs provided If the N N N N N

pling mechanism has the potential of excoeding 150°C.

Samples and sssocisted hardware must be compatlsble with Y Y Y Y Y

existing site hot cell facilitics and equipment.

Sampler vertical position must be measurable within 1 inch. - Y Y Y Y Y

Must remain operational afier tank exposure for 3 wecks with Y Y Y Y Y

doses of 2000 R\br and solutions with pll > 12,

Tho system design and operation mmmt comsider ALARA, Y Y Y Y Y

Tho system shall bo able to obtain a sample in & ressonsblo
length of time (lces than 2 wecks) for a full length samplo.

Generation of sccondasy wastes shall bo minimized.

The sampler support system must bo reusable, mobile, end
maintainable,

Tho sysiem must bo capable of taking moro than ono sample
from a given rise

The system munt bo fabricated or procured, lested, spproved
for weo, and ready for full operation by 4/1/1993.

Composite Rating (number of Y's)

Tass/Full ~ Critlcal Criteria (shaded boxes)

N* If univorsal sampler is uscd in theso applicstions, a liquid sample could bo taken, howevee it s not cxrrently adapiod 1o these sysicms.
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TABLE 2 -- CONTINUED
SAMPLER CONFORMANCE MATRIX
SOLID SAMPLERS
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REV 0

PAGE2Z3 OF

SAMPLER TYPE

chip

Reverse
cireulation

DESCRIPTION

CRITERIA

. Obiati sumples from. 10 16.30 G wink-iop. Héer

Rock drill used
in mining end
comstruction.

Typically vsed
with air to
transport chips
to surface
mounted cyclone
scparalor,
Utilizes
socondary
crissca for
sirflow In
ammulus.

Implexing
percussion drill.

lHand operated Reclprocal Rotsted casing
ward dsill (washing drill
machine) drill
Hand op d Occellating Casing with
vorsion of churn rotation of bit at drilling shoo
dritl. low spood. d into
cako,
Secondary
drilling of
cesing interior

required.

The sysiem shall bo ablo to samplo liquids and slurries. N N N* N= N* N*
Samplo sludges, soft and bard saltcaks and binations Y Y Y Y Y Y

" “ Y Y Y Y Y
Contain a mininmm of 4.7 cor’ of material per em of core. Y Y Y Y Y Y

Liquid samples must bo at least 100 ml In volume,

The system shall not sler the chemlcal propertics.

The system aball not ciius harm: 1o tio:ink floors o wall,. |-+

Y Y Y
Shall recover at least 90% of o full samplo 90% of the time. Y Y Y N Y
 Wadte material. shall ot exoced 180°C Y Y v
temperature shall b6 leds than 150°C.
Direct tempermture monitoring shall be provided if the N N/A N N N
eampling mechanism has (he potential of exoeeding 150°C.
Samples and asnoclated hardware mmust bo compatisble with Y Y Y Y T
existing aite bot o1l fazilitics and equipment,
Sampler vertical position st be measurable within 1 Inch. Y Y Y N Y
Mus!t remain operational after tank exposuso for 3 weeks with Y Y Y Y Y
donea of 2000 R\he and solutions with pli > (2.
Tho system design and operation must consider ALARA. Y Y Y N Y
Individual dose shall not excoed 300 mrem\weok.
Y Y Y Y
Y Y Y Y
Tho system shall bo ablo to obtain a samplo in & reasomablo Y Y Y N Y

length of timo (lees than 2 weeks) for & full length samyplo,

Genoration of eccondary wastcs shall bo minimized,

Tho sampler support system st bo reusablo, mobile, and
maintainable.

The system rmut bo cepable of taking more than ono sample

The systemn nmmst bo fabricated of p d, tesied, spp d
for uso, and reedy for full operation by 4/1/1993.

Sm——

R ————

Composite Rating (number of Y's)

Pass/Fall -~ Critical Criterla {shaded boxes)

N* If unlverssl samplor is used in theso applicstions, o liquid sample could bo taken, however it is not currently adapted to thess systems.,

U* Unlmown.




SAMPLER TYPE

PHI3154. 1

/{8

DESCRIPTION

WHC-SD-WM-ES-208
REV 0
PAGE24 OF ©
TABLE 2 - CONTINUED
SAMPLER CONFORMANCE MATRIX
SOLID SAMPLERS
Ralse Drill Percussion drill Cable 100l Vibratory deill Down hole Proumatie
with scparator barnmer drill Impact drill
(Jack Haomnet)
Pilot drill thru Hammer drill Inpact driven, Coro drilling Preumatle Impact driven
tank bottom with wtiliring r system utilizes porcwssion drill open sampler
bit atiached from pocumate tube using cablo vibration to eut with hesd st bit. tube using
beneath tank end tranaport of driven baromer. through matrix. Requires high prcumatic
raised through chips and dust to Cultings can be pressure alr impect drive
lava calo surface mounted traneported supply down head.
cyclons prcumatically. drill string.
scpsmator.

The system shall be ablo to sample liquids end slurrics.

Sample shudges, soft and hard saltcake and combinations.

8 ém of the boiiom;

Contain s minimum of 4.7 ena’ of material per cm of core.

Liquid semples must bo at least 100 ml In volume.

“ Not alkés U6
lI"n‘ 3 "

Tho sysicm shall not alice the chemical properiics.

1 sy st . 55 b b 5 ke e o,

Individual dose shall not excood 300 msem\week,

II Shall recover st least 90% of a full sample 90% of the timo. Y Y Y Y Y N
 Wisto meterisl shall not 6xoed:180°C: Sirmpling. Y Y Y Y
" temperituse shall: be less than 150°C

Direct tempersturo monitoring shall be provided if the N N/A N N N N

pling hanlsm has tho p Ial of ding 150°C.

Samples and d hard numt be compatiable with Y Y Y Y Y Y
exlsting site bot ecll facilities and equipment,

Ssmpler vertical position must bo measusable within 1 inch Y Y N Y Y N
Must remwin oporstional sfler tank exposure for 3 weoks with Y Y Y Y Y Y
doses of 2000 R\br and solulons with pH > 12.

Tho system design and operation must comsider ALARA. N Y Y Y Y N

The system shall be able 1o cbtain a sanmpls In & ressomblo
length of timo (lcss than 2 woeks) for & full length sample.

Generilon of sccondary wastes shall be minimized.

Tho sampler support system must bo reusable, moblls, and

Tho system muat be capable of taking more than one sample
from a given riser.

Tho systern must be fabricated or procured, tested, approved
for wo, and ready for full operation by 4/1/1993,

_Composlte Rating (number of Y's)

Pass/Fall ~ Crittal Criteria (shaded boxes)

N® 1f univorssl samplor is used in theso applications, a liquid samplo could be taken, howeover it is not currently adapled to these systems.
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SAMPLER CONFORMANCE MATRIX
SOLID SAMPLERS
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WIIC-SD-WM-ES-205

REV 0
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S e s === [
Susface auger C it core Auger casing Auger casing Mechanical poet
SAMPLER TYPE e mul;phf with percussfon with universal holo digger
sampler sampler
DESCRIPTION | Hand driven Chasing is Auger type Auger type Auger typo
auger with sdvanoed into rolated casing rotsted casing machine, truck
containment and saltcaln by an with use of with rotary core or Uractor
shroud intemal percussion drill and mounted, similar
assembled down bivmixer which sampler o universal to those wsed for
4" riser. *bomogenizes” retricve samplo sampler to placing power
the core samples in casing. retricve samplo poles.
of mixed waste in casing,
retrieved for

analysa,

Tho system shall be sble to sample liquids and slurrics,

Sample sludges, soft and hard salicake and combinations.

Contain & minimum of 4.7 o’ of material per cm of core.

qu\nd nmplel must be et keast 100 ml in volume.

Il wmperatitre shall be- leas than ISD’C."';_ .,;j;: b

Duec( temperature monitoring shall be ptvvndcd if the N N/A N/A N
piing mechanism has the potential of 18 150°C.
Samples and {ated hard rmumt be compatisble with Y Y Y i g
exmmg sito hot oell facilitics and equipmicni.
Sampler vertical position mmt be measurable within | inch. Y N/A Y Y
Must remain operational afier tank exposure for 3 woeks with Y Y Y Y
dosee of 2000 R\hr and solutions with pif >12.
Tho system design and operation must consider ALARA. N Y Y Y
Individual doeo shall not excood 300 mrem\week.
Y Y Y Y
Y Y Y Y
The system shall be sble to obtain & samplo in a reasonable Y Y Y Y
length of timo (less than 2 weeks) for 8 full length samplo.
Y Y Y Y
Y Y Y Y
Y Y Y Y
The sampler support system nnmt bo reusable, mobilo, and N Y Y Y
maintainable.
Tho system nmwt bo capablo of taking more than one samplo Y Y N N
from a given risor.
Y Y Y Y
The system rmut be fabricatod or procured, tested, approved N Y Y Y

for wo, and ready for full oporation by 4/1/1993.

I Composite Rating (number of Y’s)

Pass/Fall = Critical Criteria (shaded boxes)

N¢ If universal samplee ls uned in thess applications, a liquid sample could be taken, however 1t 1s not currently adapted to theso sy




SAMPLER CONFORMANCE MATRIX

SAMPLER TYPE
DESCRIPTION

CRITERIA

PH3I54.1750

TABLE 2 - CONTINUED

SOLID SAMPLERS

Hydraulle push
mode

Shadge dart
sampler

WIIC-SD-WM-ES-208

REV 0
PAGE 26 OF &3

A samplo tubo le
pushed inlo
waste, filling the
tube with e
sample, When
tube ls removed,
samplo Is
relained in end

by friction. Can
be taken a0 &
full depth coro

ot in scgments.
SR dnt—

Tapered senpler
dropped
vencally to
penctrale sludge,
Sampler
relrieved by
cablo tether,

Tho eysiem shall be able 10 sample liquide and slurrics.

Sample siundges, soft and hard saltcake and binsu

Contaln & minimum of 4.7 e’ of material per am of core,

Liquid samplcs must bo at least 100 ml in volums.

for uso, and ready for full operation by 4/1/1993.
e

Ne if universal samplor is used in these applicstions, a liquid

- e Datlan 7 ber of Y's)

Shall recover at keast 90% of a full sample 90% of ths time, Y N N Y Y N
 Wasta material shall po excond. 180 v v Y Y Y Y
tempersture shall bo. 4eas than 150*C.
Direct lempersture monitoring shall be provided if the N Y N/A N/A N/A N/A
sampling mechanism has the potential of excoeding 150°C.
Samples and associsted hard must bo compatiable with N Y Y Y Y Y
existing site hot cell facilitles and equipment. I
Sampler vertical position must bo measurablo within [ Inch, Y Y N N N N
Must remain operstional afler tank exposure for 3 weeks with Y Y Y N Y Y
doses of 2000 R\hr and solutions with pH > 12.
The system design and operstion must consider ALARA. Y Y N N N Y
Individual doso shall not excoed 300 mrem\woek.
! \ Y
T Y Y
The system shall bo able to oblain a sample in & reasomable Y Y
length of timo (less then 2 weeks) for a full length sample,
i1 v tcs shall bo minimized, Y Y Y N Y Y
Mist i Y Y Y v \
This ij Y Y Y Y Y Y
The sampler support sysiem must bo reusable, mobile, and Y Y Y Y Y Y
maintalnable.
The system must be capable of tsking more than ons sample Y Y Y N N Y
from a given riser,
Y Y Y Y Y Y
The system must bo fabricated or procured, tested, approved N Y Y Y Y Y

Tase/Fall ~ Critioml Criteria (shaded boxes)

ple could be taken, however it Is not currently adspied to those systems.




SAMPLER TYPE

DESCRIPTION

TABLE 2 - CONTINUD
SAMPLER CONFORMANCE MATRIX
SOLID SAMPLERS

Waler jet cutting

Lasor cutting

9413154, 1731

Gas Jet cutting,

with grit

WHC-SD-WM-ES-205

Gas Jet cutting,
without grit

REV 0
PAGE 27 OF ©

Saw ot
samplor

Dozer physically
trenching surface
of salicake.

High presswre
water Jet ised to
ot materiale.
Existing
spplications can
cut 57 of stesl.

Lasor cutting of

High pressure
gas discharge at
bit with abresive

grit.

High presswe Chain saw used
gas discharge at to cut blocks of
bit, bard seltcakm.

(Possibly from
robotie am.)

The systcm shall be able to sarople liquids and slurrics.

ko and combinall

Samplo shudges, soft and hard salt

Contain s minimum of 4.7 cx’ of material per am of coro.

Liquid samplics nmust be at least 100 ml In volume.

- Not it ths phys 4
. Undisturbed; representatlve stmplcs. aro: required

The system ghell =t aligp the ~bompieal ~resmsiog. N N Y
" The sysiem shall not:éatiss s 10. ths. lenk N . N
Shall recover st lcast 90% of & full samplo 90% of the time. Y N N Y Y
' Wabio, materlal shall 5 Y Y Y Y
. emperatuse - shizll b icee thani 1 50°C;
Discet temjeraturs monlioring shall bo providod if the N/A N/A N/A N/A N/A N
sampling mechanism has tho poteatial of exceeding 150°C.
Samples and {atod hard must be compatiable with Y Y Y Y Y Y
existing sito hot cell (scilities and equipment.
Sampler vertical position must be measusablo within 1 inch. N N N Y Y
Must rermain operationel after tank exposure (or 3 weeks with Y Y Y Y Y
doses of 2000 R\hr and solutions with pH > ]2,
Tho system dealgn and operation must considee ALARA. N Y Y Y Y

Individusl doso shall not excoed 300 mrem\weck.

Tho system shall bo ablo 10 obtsin & samplo in a reasomblo
length of timo (less than 2 weeks) for a full kngth samplo.

G ion of d. shall bo minimired.

The k rt

p upp yetem nnust be
maintainsblo,

ble, mobile, and

Tho system must be capable of waking more ihan cos samplo
from a glven riser,

1

The system muat bo fabricated or p d, \celed, app
for wso, and ready for full oporaticn by 4/1/1993,

Composlte Raling (number of Y's)

Mase/Fall ~ Critieal Criterla {shaded boxes)

N I( unlversal samples bs uned in theso spplications, s liquid samplo could bo taken, bowever it is not currently sdapted to theso sy

-




SAMPLER TYPE

PHIIGH. 175

TABLE 2 -- CONTINUED
SAMPLER CONFORMANCE MATRIX
SOLID SAMPLERS

WIIC-SD-WM-ES-205
REV 0
PAGE 23 OF &

DESCRIPTION

Robotc amm
inserted through
farger riser with
\elescopic, or
folding
extcnsions,
Remotely guided
with closed-
circuit
television.
Coupled with
maovable
samplor,
possibly s
ministure rotary
dsill,

|

ke and

Samplo sludges, soft and hard ealt

Y
The sysiem shall bo ablo to samplo liquids and slurries. Y
(%) 1 v

Contain » minimum of 4.7 ar® of material per em of core.

Liquid samples amust bo st least 100 m! in volume.

The guater shall not alter the chemical propertics. N
" 'ﬂnlyolem ol.ill‘:no(.vawo m‘i,lo:tb.,unk,ﬂoot_'_: Y
Shall recover at least 90% of a full samplo 90% of the time. Y
; uw rmtcrhl shalt mt txcoed igo Y
* iiperaturs abail b iedd thi 150"
Direct \emperature monitoring shall be provided if the Y
sampling mechanism has the polential of exceeding 150°C.
Samples and associated hardware must be compatiablo with Y
existing eito hot ccll facilitics and equipment.
Sampler vertical position oust be measurable within | inch, Y
Must in operational after Lenk exp for 3 woeks with Y
doses of 2000 R\hr and solutions with pil > (2.
The system design and operation must comsider ALARA, Y
Individual dose shall not exceed 300 mrem\woek,
Y
Y
Tho system shall bs ablo 10 obtain & samplo in ¢ ressonablo Y
length of time (less than 2 weeks) for a full length samplo,
G jon of dary shall bo minimized. Y
Y
Y
Tho samplor support system must bo reusablo, mobile, and Y
maintainable.
The system must be capablo of taking more than ono ssxmplo Y
from a given risor.
Y
Tho system must bo fabricated or p d, lested, approved N

for use, and ready for full operation by 4/1/1993.

B e S S
I Composite Ratine {inumber of Y's) 2l

—_—

|| Pess/Fall — Crltical Criteria (shaded boxes)

N® If universal sampler Is used in theso applications, s Uquid

—_—_—— s ]

plo coukd be taken, however it is not currenily sdapiod to theso systems.
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METHOD

Crane supported rotary drill

with standard bit

Tripod mounted rotary
sampler

WHC-SD-WM-ES-205

REV 0
PAGE 29 OF 43

TABLE 3
SOLID SAMPLERS -~ MANDATORY CRITERIA
PASS/FAIL JUSTIFICATION

Truck mounted rotary driil
with standard bit

Truck mounted rotary driil
with modified bit and
universal sampler

Truck mounted rotary dri'l
th diamond bit

samples through tank-lop risers with
diameters between 10 and 30 cm

The system shall be able to obtain required Y

JUSTIFICATION

JUSTIFICATION

YN JUSTIFICATION

Y/N JUSTIFICATION

Y Technology demonstrated.

Y/N JUSTIFICATION

N Will not cut hard saltcake.

The system mmst bs able to sample the Y

entire depth of waste material from the wop
surfacs to within 8 am of the bottom. This
is sbout 1] meters of depth roaxizmm.

Y Technology demonstrated.

N V 1ot ot bard saltcake.

The system shall not alter ths physical Y
propertics of sampled material.

[ § P T

d, rcp ive samples are
required.

Technology danonstrated.

Sample mixing and secondary wasia.

Y Technology derponstrated.

Y Technology demonstrated except foe bard
salteakn.

The systcm shall not causs harm to the tack Y
floors or wall. Maintaining tank inicgrity is
of prime importance.

Y Technology demonstraad.

Y Technology demonstrated.

Y By bit design.

Operntion of the ple system shall not N
cause the tank wasts material tepemsoure to
exoeed 180°C. The sampling spparatis
texoperature shall be lesa then 150°C.

E f d at bit

N E i I d at bit

Y Testing shows etmperature cun be

maintained s long s purge gas flow is
itained ot s mini

Exp of pe: i, either ite oc off- . Y
site, to hazardous or taxic chemicals shall
bo prevented. -

Containment designs for segnented drill
rod are doveloped and d N

The system shall minimize ths spread or Y
L o‘ "N M “L ') sal,
bazards be exccssive.

Contaioment designs (o segnented drill
M‘“J I'JMJ 4

The system omust operato saicly in an N
enviroomert potentially containing explosive
gases and flamwneble Lquids.

Drill head terxds 10 spin when bit sticks,
worker bazacd,

The system nmust not resct chemically or Y
physically with nitrate, nitrits, castic or
organic campounds.

Tochnology demanstrated.

All sampling bardwars must ba retrievable Y
from the tank aficr campietion of sampling




[CYR -

s Nk #3

SRR A oAk

The system shall be able to cbuin required
samples through tank-top risers with
diameters berween 10 and 30 e

Vibration assisted rotary drill
with universal sampler

WHC-SD-WM-ES-205
REV 0
PAGE 30 OF &

TABLE 3 - CONTINUED
SOLID SAMPLERS - MANDATORY CRITERIA
PASS/FAIL JUSTIFICATION

Rotary cut and chip Reverse circulation

Churn drill

Han operated ward drill

JUSTIFICATION

JUSTIFICATION JUSTIFICATION

By design requirements. Only functional for dry saltcsk

JUSTIFICATION

By design requirement.

JUSTIFICATION

The system must bs sbis to sample the
entire depth of wasts material from the wp
surfece to within 8 an of the bottam. This
is about 1! mcters of depth maxirmm.

Technology demomstrated when used with
existing equiptent.

Weight of the tool would bo excessive
for mammi operetion.

The system shall oot alter the physical
propestics of L sy

P
[ Ak x 1

P ampice am
required.

Technology demamstrated when used with

Core disturbed by impact of drilling.

Sample mixing likely.

The system shall pot causs harm to the tank
floors or wall. Masintaining tank i ity is

e ] ALY

of prime iroportance.

Technology d

May peoctrate tank floor.

May damage tank floor.

By administrative control via opersting
procedure.,

Openaticn of the sammp) sball oot

—p Y

cumo the Lunk wasic materisl tempenons to

excoed [80°C. The sempling spparacm
texperaturs shall be less than 150°C.

of p 1, either its or off-
site, to harard or taxic chemicals shall

be prevented.

Thes sywtem shall minimize ths spread oc
L of radicactive ot hazard -
into the eavironment. At no tizns should
azards bo cxacssive.

The sysiem mmt opersso safcly in an
gascs and flammable Lquids.

The systcm mmust oot react chemically or
physically with nitrate, nitrits, caustic or
organic compounds,

All sarcpling hasdwasre mamt be retrievable
from the tank afier compiction of sampling
tvitics.




43154, 1785

The systcm shall be sbie to oblain required
sampics through tank-top risers with
diameters between 10 and 30 el

Reciprocal (washing machine)
drill

WHC.-SD-WM-ES-205

REV O
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TABLE 3 — CONTINUED
SOLID SAMPLERS - MANDATORY CRITERIA
PASS/FAIL JUSTIFICATION

Rotated casing drill

Raise drill

Percussion drill with separator

Cable tool

JUSTIFICATION

Y/IN

JUSTIFICATION

By design requircment.

Y/N

JUSTIFICATION

Botiom cairy through tank floor,

Y/N

JUSTIFICATION

Only finctional for dry saltcake

Y/IN

JUSTIFICATION

Tho system owst be sbio (0 sampie the
entire depth of waste maicrial {rom the top
surface (0 within 8 cm of the bouwom. This
is sbowt 11 meters of depth maxirmm.

Y By design requirement.

By design requiremens,

By design requirements.

By design requirements.

The systzm shall not alter the physical
ice of | .

—
Undi et H 2
e Y L2

Sample mixing.

Sampls mixing.

Sarmple mixing,

Impacts from driving core may disturb

The systcm shall pot cause barm 0 the tank
floocs or well. Maintaining tank integrity is
of priron importance.

Casing msy damage floor.

Violates tank confincment.

May pexetrate tank floor.

Operation of the b shall not

| -y Y

cause the tank waste matcrial termpernnurs to

exoced 180°C. The sempling spparsas
temperaturo shall bo less than 150°C.

By adimini i i via op

High spexd, high friction.

By administrati I via operati
procedure.

Exposure of persaumel, cither ao-site or off-
site, (0 bazardous or taxic chemicals shall
bo prevented.

The system shaill minimizs the spresd or
1 “ 3, - wI_ o el

The system m=ast opersts safcly in sn
i potentially contsining explosive
gascs and flammablo liquids.

Y No ignition source.

The system mawt not react chemically or
physically with nitrats, nitrite, caustic or
organic compouads.

Y By design requirements.

Anumplhgh-d“nmtbamt.ri:nbh
from ths tank aficr completion of sampling
ivitics.

Y By design requirements.




T

GHI3I5Y. 17

The systcm sball be able 10 obtain required
saopics through tank-top risers with
diamewers between 10 and 30 em,

Vibratory drill

WHC-SD-WM-ES-205
REV 0
PAGE 32 OF @3

TABLE 3 — CONTINUED
SOLID SAMPLERS —- MANDATORY CRITERIA
PASS/FAIL JUSTIFICATION

Down hole hammer drill Pneumatic impact drill (Jack
Hammer)

Surface auger

Co

Josite core sampler

JUSTIFICATION

JUSTIFICATION JUSTIFICATION

By design requiremnent.

JUSTIFICATION

JUSTIFICATION

Tho system st bo abis to sampls the
entire depth of wasts material from the top
surface to within 8 cm of the bottom. This
is about 1] meters of depth mexirmm.

A “continuous”® sampje can be cbtaind by
repeated insertion of the sampler into the
same location.

Thes system shall not alier ths physical
propertics of samplod material.
'LJ' pw | H L

required.

Sampie mixing dusing segmental
sampling.

Core is broken and mixed by the sanmler.

The systcm shall not csuso barm o the tank
floors or wall. Mainteining tank integrity is
of prime importance.

By administrative control vis operating

Operation of the sample sysem shall not

.

causo the tank waste material tempersture to
excond 180°C. The sampiing apparscus
teaperatucs shall bo leas than 150°C.

Exposure of perscnnel, cither co-site or off-
site, to hazardous or taxic chemicals shall
bs prevented,

By administrative oontrol vis opersting No technology o handle full core sample.
procedure., No contaimment.

By administrative control via operating
procedure,

The systcm sball minimize the spread or
L d e ol wL p—y ms aal
bazards bo exccssive.

By administrative control via operating
procedure,

By sdmini
procodure.

Ths system must operats salely in an
grocs and {lamsmabls liquids.

The system meat not resct chemically or
plrysically with nitrate, pitrite, caustic or
organic compounds.

All sampling bardware oamt bs retricvable
from the tank afler completion of sampling
tvities.

Unabls t0 sample bard saltcals and core
disoarbed.




GUIFISH 1757

METHOD

The system shall be able 10 obtain required
sampice through tank-top riscrs with
diameters between 10 and 30 cm.

Auger casing with percussion

sampler

WHC-SD-WM-ES-205

REV 0
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TABLE 3 — CONTINUED

SOLID SAMPLERS - MANDATORY CRITERIA

PASS/FAIL JUSTIFICATION

Auger casing with universal

sampler

Mechanical post hole digger

Hand auger

"One-piece" core sampler

JUSTIFICATION

JUSTIFICATION

By design requirements.

JUSTIFICATION

By design requiremezits.

JUSTIFICATION

JUSTIFICATION

Tho system mumt bo sbis (0 sample ths
cntire depth of waste material from the top
surfaco to within 8 am of ths bottom. This
is sbowt 11 meters of depth maximm.

By design requircments.

Waon't access entire waste depeh,

The system shall not alter the physical

Samyple mixing.

Sample mixing.

Sample mixing.

Sampie mixing,

The system shall not cauae barm to the wank
floors or wall. Mainuining tank integrity is
of prims importance.

Casing may demage floor.

Casing may damags floor.

May penctaate tank floor.

Insufficient mative forae.

Hsaner driven, may peactrate flooe.

Operation of the sampio sy shail oot

L3 o

cauns the tank waste material leapernsture o

exoood 180°C. Tho ssmpling apparanus
temperaica shall bo lesa than 150°C.

By admini . 1 via ring

High friction.

Low fric

Low friction.

Exposurs of personnel, cither on-site or off-
site, to bazardows or Loxic chemicals shail
be preventad.

Contaimment desigme for segmoented deill
rod are dovelopod and 4 .

Intolerable exposure.

Contsinment desigms for scpmentod drill
sod tre developad and d 4

Tho sysiem shall minimize the spread or

L d 33, 2 “L 4. eal
into the cuvirooment. At po tims should
hazards be excessive.

Containrment designs for sepmenied drill
rod re doveloped and d N

Intolerable expasure.

Contsirwnent designs {or sepmentod drill
Mmj 1 JMJ -d

Ths system must openuis safely in an
gssce and flarmable liquids.

No ignition source.

No ignition source.

No ignition source.

No ignition source.

N ition source.

The systcm mamt not react chemicaily or
physically with nitrate, nitrite, caustic or
organic compouxis.,

By design sequisernents.

By design requirements.

By design requirements.

By design requisemcess.

All sampling handwars must bo retricvable
from the tank ader campiction of sanpiing
activitics.

By design sequirements.

Multiple faiheres.
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TABLE 3 — CONTINUED
SOLID SAMPLERS — MANDATORY CRITERIA
PASS/FAIL JUSTIFICATION

Hydraulic push mode Sludge dart sampler Backhoe Hand shovel or post hole Clam shell shovel "

METHOD digger

JUSTIFICATION Y/ JUSTIFICATION YN JUSTIFICATION Y/N JUSTIFICATION Y/N JUSTIFICATION
R R ERRERRERREEREIEEEE=E=E—S——————

The system shall be able to obtain required
samples through tank-top risers with

Not abls (0 provide a *contiouous® pon- N Cant scoess tank waste. N Can't acoese waste., N Won't sampie bard saitcals.
mixed sample. Limited 10 surface

diameters between 10 and 30 cm, sampling.

The systeen mumt bo ablo o sampls the N Can't penstrate most bard ealt cales. N Not sbis 10 provide a “contimuous® pon- N Can't scoess tank waste. N Can’i acocss waste, N Surfacs sampics only.
cntire depth of waste material from the top mixod sample. Limited to surface

surface to within 8 an of U» bouom, This sampling.

is about 11 meters of depth owmxiremm,

The system shall not altes the physical N Sample mixing during segmenial N Not sbic 10 provids a “continuos® pon- N Can't access waste, N Samploe mixing. N Sample mixing,
propertics of samplod material. sampling. mixed sample. Limited 10 surface

Undisturbed, rep i pics are sanpling.

required,

The systcm shall not cause harm 10 the tank N Could damage tank flooe, Y This device can only pe the fimst 3 - N Couid peactrate tank wall, damage roof. Y Isufficicat motive foroe. Y By design.
floors or wall. Maintaining tapk imcgrity is 4 inches of saltcake,

of prims importance.

Opeation of ths saopie system shall not Y Low friction., Y No beat geaerstion souree. Y Low friction. Y Low friction. Y Very low friction.
cause tho tank wasts material tempenaturs o
exocoed 180°C. The sampling apparatus
teperature shall be less than 150°C.

Exposuro of persannel, cither oorsise or off- Y Cantaimmezt designs for segmengad drill N No tecimology for sampl 7 No N No containment. N Intolerable exposurs. N High exposure. No containmen,
site, (o hazardous or taxic chemicals shall rad ars developed and d d containment.

bo prevented.

Tha system shall minimize tho spread or Y Contairement designs for segrmented drill N No echnology for sampk fi N No containment. N Intolerubla exposurs. N No comainmers.

) of radicactive or bezard ial rod are d d and d ed No containment.

v

Tho system ost opcrate safely in sn Y No ignition source. Y No ignition sourcs, N Mochanical spark ge i Y No ignition sourcs. Y No ignition sourae.
gases and Qlarnsble liquids,

The system mumt not react chemically oe Y By design requircment. ' Y By design requirements. Y By design requirament. Y By design requireracots. Y By design requirements.
plysically with ni pitrite, ic o
organic compounds.

All sampling bardware et bo retricvable
from tho tank afler compiction of sampling
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The system shall bs sbls to obtain required
samples through tank-top risers with
diaoeters betwoen 10 and 30 con
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TABLE 3 - CONTINUED
SOLID SAMPLERS —~ MANDATORY CRITERIA
PASS/FAIL JUSTIFICATION

Water jet cutting

Laser cutting

Gas jet cutting, with grit

Gas jet cutting, without grit

JUSTIFICATION

JUSTIFICATION

YN

JUSTIFICATION

By design requircments.

By design requirernent.

Y/N

JUSTIFICATION

By design requiremcnt.

Y/N

JUSTIFICATION

Tho system omst bs sble 10 sample the
cntire depth of waste material fram the top
surface (o within € com of the bottom. This
‘is about 11 roeters of depth maxirmam.

Surface samples caly.

By design requirements.

Not sbic 10 acoess entire waste depth.

By design requirement.

Tho system shall not alter the physical
proportics of sampled material
Undistirbed, represcntative samples am
required,

Sampls mixing.

y wasie.

Sample mixing.

Cross contamination.

Tho system shall not cause harm 0 the tank
floors or wall. Maintaining tsak integrity is
of prima importance.

Potential tank dammge.

High pressure water could cut tank walls,
foor.

Could cut tank floor, walls.

Could cut tank floor, walls.

Operation of the sample system sball not
causs tho tank waste material wempenature to
excoxd 180°C. The sampling apparacus
teperature ahall bo less than 150°C.

Low friction.

No friction.

Very high teapermture.

L . .
By | via op 1z

Exp of pr L, cither ite or off-
site, 10 hazardous oc toxic chemicals shail
be prevented.

Intolcrable expasure.

By admini . 1 via

By sdministrative control via operating
procedure.

By administrative | via operating

Intolerabls exposure.

By administrati i via
procedure,

By administrati | via operating

The system mamt opersts safely in an
. potcaially it tosive
gusce and flanxoabls liquids.

Al ordarical

spark ge

No ignition source.

High teaperantre.

No ignition sourcs.

Tho systemn mamt pot react chemically or
physically with nitrate, nitrite, caustic or
aorganio campounds.

By design requirements.

By design requirements.

By design requirernents.

Cross contsmination,

All sarnpling bardware must be retrievabls
from o tank afler campletion of sampling

actIvitcs.
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TABLE 3 — CONTINUED
SOLID SAMPLERS -- MANDATORY CRITERIA
PASS/FAIL JUSTIFICATION

Saw cut sampler Robotic sampler
Y/N JUSTIFICATION YIN JUSTIFICATION
w
Ths syswan shail bo able to obtain required N Surface sample anly, hard saltcain caly. Y By design requircment.
samples through tank-top risers with
diameters betwoen 10 and 30 am.
The sysiem must be able to sample the N Surface sample only, hard sslicaiz only. N Wan't scocss entire wasts depth.
catire depth of waste material from the op
surfacs o within 8 cm of the bottom. This
is abowt {1 meters of depth maxizmam.
Ths sysuam shail not slter the phrysical Y For hard saltcake, N Sample mixing
propestics of sampled maternial
Undistusbed, rep amples arc
required,
The systezm absll pot cavse barm 1o the tank N Could ax tank floor, walls. Y By administeati | via operating
floors or wall. Maintaining tank imegrity is procodure.
of prune importancs.,
Openation of the sampls sy shail not N High friction, Y By administratt | via op '3
cause the tank waste material tempersturs 0 procedure,
exceed 180°C. The sampling spparatus
temperature shall bo less than 150°C.
Exposure of persomnel, cither on-site or off- N No conlainecnt. { By administrative control via operating
site, 10 hazardous oc taxic chemicals shall procedure.
bo prevented.
The syswem shall minimize the spread or N No conlsirxnent, r By administrative control via operating
b of radioactive or bazardous mmterials proaadure,
inio the environment. At no lime should
bazards be exoecssive.
Tho systcm poust operats safely in s N Mechagical spark genesation. b No ignition source.
gascs snd flacmable liquids.
The system rmust not resct chemically or Y By design requircments. B By design requirements.
plysically with pitrate, nitrite, caustic oc
organic cxxnpournds.
All saxxpling bardware maat be retricvable Y By design requiremcats. Y By design requiremcnts.
from tho tank sfier completion of sampling
sctivitics.
e
Fal Won't scocss cotire waste depth and
o mmixi
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TABLE 4
SAMPLER CONFORMANCE MATRIX
LIQUID/SLURRY SAMPLERS

Boltleon a Modiled boitle Dip sampler Truck ted K L, Wesl Valley
string on a slring rotary drll Sampler Thovex

with universal Sampler

sampler

“ Tho sysiem shali be ablo to samplo liquids and slusrics. Y Y Y Y

hard saltcakn and [T N r

The system must be ablo to sample the entire depth of waste
material from tha top surface to within 8 cm of tho botton,

The systcm shall be ablo to sample sludges, sofl salicakn, and
Thia Is about 11 meters of depth maxinnem,

Core samples nnust contain & mininvum of 4.7 cor’ of weste
msterial per om of core.

Liquid samples must bo at least 100 ml in volums.

Tho system shall not alter the physicsl properties of sampled
material. Undlsturbod, rep i ples are required for
d instion of density, moi shear strength and
rte, viscosity, stratificstion, and erystalline etructure.

Dilution by supernste or hydroststic bead fiuld must pot occur.
Llquid sampl ining euspended solids roust be
represcntative.

The system shall not alter the chemical properties, including
organic and Inorganic constituents, radiolsotopes, pli, heavy
metals, ete. Dilutlon or dissolution of salts or cross-
contamination of samples from tho supemste o hydrostatic
bead {luid must not oocur.

£ The syt bhll k. xi b 0 s sk
Muintalilsg taak iniegsity Is of prime imporiance:

The system must bo highly rellable. It shall recover at lesst
90% of s full sample 90% of the time.

Direct tempersture monitoring shall be provided if the
wiing mechanism has the potertlal of excocding 150°C on
any portion that contscts tho waste,

Samples and associsted hardware must Mt in existing lanford
hot cell facilities wtifizing existh trusion equip

i 3

(Segmenis no larger than 48 cm long by 2.5 cm dia.)

Sammpler must in operational afer exp to tank
contends for at Jeast three weecks, radistion doses of 2000 Ribr,
and corrosive eolutlons with pH in exccss of 12,

The system design and operation must consider ALARA.
T~tiyidual dose shall not excoed 300 mrem\week.

l‘ Sampler vertical position must be measurable within 2.5 om.

length of itmo (less than 2 weoks) for s full length eample.

Generation of secondary wastes shall bo minimized.

l The system shall be sble to obtain a sample in & reasonable

The samplor support system mumt bo reusablo, mobile, and -
maintainabls.

Tho sysicm mwt bo cepable of taking more than ons sampls

The sysiem tmust bo fabricsted or procured, tested, spproved
fot we, and ready for full operation by 4/1/1993.

Composits Rating (number of ¥'n

Mass/Fall ~ Critical Crllerln (shaded boxes)
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TABLE 4 CONTINUED
SAMPLER CONFORMANCE MATRIX
LIQUID/SLURRY SAMPLERS

4 4

S AB/IP LER TYPE Evacuated Cryogenic Pul"nct'lnhluc. Aledin n.cuum Vial en 8 pulley

Tho sysicm shall bo sblo to lo sludges, soft saltcake, and N N N N N
'-'d (7 l_.d [N} 1, e ( d

The system nmust bo ablo 1o samplo the entiro depth of waste Y Y N Y Y
malerial from the top surface to within 8 cm of the bottom.
This Is about 1] meters of depth maxirmamn.

Core samples must contain a minlimwm of 4.7 o’ of waste N/A N/A N/A N/A N/A
material por em of core.

Liquid sarmples must be at least 100 ml o volume, Y Y Y Y Y
Tho system shall not alter the physical properties of sampled Y Y Y Y Y
material, Undisturbed, rep ive samples aro required for

determination of density, mol shear strength and

rate, viscosity, strstificstion, and erystalline structure,

Dilution by supemato or hydrostatic hoad fluid must ot occur.

Liquid sanmpl ining euspended solids must ba

represcntative,

organic and inorgenic comatituents, radiolsotopes, pit, heavy
ete. Dilution or dissolution of salts or cross-

ion of samples from the supcmate or hydrosiatic
head fluld must not oocur.

metals,

*

“ The system shall not slier ths chemical propestics, locluding Y N Y N Y

Y Y Y Y Y

Tho systemn must bo highly roliablo. It shall recover at least Y N N Y Y
90% of a full sampls 90% of the Ume.

N/A N/A N/A N/A N/A
Direct temporature monitoring shall be provided If the N/A N/A N/A N/A N/A

pling hanism has the p lal of ding 150°C oa 7

any portion that coutacts the wases,
Samples and {ated hard st It in existing 1lanford Y Y Y Y Y
hot cell facilitles uillizing existing extrusion equipment.
(Scgments no larger than 48 cm long by 2.5 cm dia.)
Samplor veriical position mut be moasurable within 2.5 cm. Y N Y Y Y
Samplor mamt rermain operational afor exposure to tank Y N Y Y Y
conteots for at jeast three weoks, radiation doses of 2000 R\he,
and corrosive sohutions with pH In excess of 12,
1m0 syswem design end jon must ider ALARA, Y Y N Y Y

Individual dose shat} not'ueeed 300 mrem\weck.

Tho system shail be ablo 10 obtain a sanplo in s reasonable
length of time (lces than 2 weoks) for a full length sample,

EY

b4

The samplor support sysicm mast bo reusable, mobile, and
mainainable,

The system trust be cepablo of taking more than one samplo

Tho system must bo fabricated or p d, testod, spproved Y Y Y N N
for vee, and ready for full operation by 4/171993.

Composlile Raling (number of Y’s)

Tass/Fall = Crltical Criterta (shaded boxes)
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ALTERNATIVES

DESCRIPTION

This system wilizes s modified ball valve st the
b of the plee which is closed by & spring
driven mechanism upon flling the sampler.
Triggering can bo cither sutomatically or by
actustion with tho grappling device.

ADVANTAGES

Reliably samples liquids and solids.
Positive sampie retention.
Well developed and tested.
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TABLE 5§ -- CORE SAMPLE RETRIEVAL ALTERNATIVES

# u

DISADVANTAGES

Mad 1 L N

Fabrication expensive.

Older design did not reliably shear off bard
saltcake core. New design bhas stronger spring
anxd may resolve problems.

VIABILITY

JUSTIFICATION

Best all around, most reliable recovery.
Retains liquids.

Spring Fingee Core Catcher

This system wtilizes 8 set of spring-loaded fingers at
tho end of the ssmpicr barrel which csn bo closed
upan filling of tho sampler.

= Mechanically sinple.

More reliabie than collet.

L]

Won't retain liquids oe siurrics.

“ Probably won't st off hard saltcake.

More relisble rocovery of solids.

Docking Ring Sampler

This system wtilizes an elastomer tubs at tha bottom
of the ssrmpler which is closed by a heavy el

* Can possibly retsin iquids and sturrice.

Mechanicalh

band (docking ring such as those used in docking
shocps® tails). The docking ring is bheld by fingers
until the samples is retracted at which time the
docking ring slips off of the fingers and pinches the
elastamer tubs closad.

Relatively inexpensive.

"

Ring reiease unrelisblo.
Can't cut off bard saitcaks core, probsbly
[P} l‘ ot oﬂ" Lvmd 1, sal

&

Elastomes pans sitacked by radiation, reuse

More positive closure than iris vaive,

[ris Valve Saampiee

This system wilizes s doubls walled sampler with

an elastomer fubo joining the ioner and outer wall.
As the sampicr is retracted, the innes wall is pulled
upward inside the outer wall, A spiral slot and pin
armaogement causes tho inner tubs Lo twist 188°C.
This twists the elastomer tubs, closing ths end of

the sampler,

Can possibly retsin liquids or slurrics.
Simple, inexpemive.

® Can't ot off hard or pacied saltcakes.

Elastomer parts damaged by radiation, reuse
Twist hani bject to j i bherelc

closure unreliable.

o]

thea retricved.  Sample is ined by fricti
Upaa retrieval, the end fittings can be tmscrewed
allowing the barrel 10 bo opcned kengthwiso foe
sampio cveluation.

No extrusion peccssary.

I S R RE—

ot equipped with drive tools.

Collet core cacher This sy wilizes & sampler with a taperad-d * Simpier o fsbricste than ball closure. * Won't sammpie liquids or slurrics. Mors positi oo ion thag split basrel or 5
(iniermal taper) mouh and iniermel sliding catcher * Less expensive ban ball ¢l * Sample rocovery can be poor. sheiby.
sing which is tapered to match the sampler mouth. *= May not s off bard saltcake core. Docs pot retain liquids.
As the sampice is willdeswn, tho catcher ring slides
d rd into the taperod mouth, squeezing and
retaining the core sample inside tho sampler.
Shelby wibs ssmpler This system is similar to the split barrel sampler ' Co ially avuilabl * Pooe retention of soms materisl, won't sample Docs not retain liquids or sharics,
except that it is s contimous tubs. The sample + Widely testod. {iquids.
oamt bo extruded for inspection and evaluation. ! Inexpensive. * Must bo driven into media to work, drill rigs
* Lesstexp of 1he sanmpi ¥ Dot equipped with drive tools.
systems. * Must bo extruded.
Split barrel core sampler This syswem is a standard cors sampler for obtaining * Canmnercially svailable. * Poor retention of somo material, won't sample Docs not retain liquida, slurrics or shadgs. 5
soils samples. 1 is pormmily driven shead of the ! Widely tested. liquids.
drill string at the depth of the desired sarvple and v Inexpensive. = Must be drivent into mndia o work, drill rigs
»
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ALTERNATIVE

DESCRIPTION
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TABLE 6 — BIT TEMPERATURE MONITORING ALTERNATIVES

ADVANTAGES
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DiSADVANTAGES STATUS, VIABILITY l

CODE,

JUSTIFICATION

—————

Thermooaupls In bit, groove in drill sring. * No cicctronics inside tho drill string. = Addition of secian, connoction. 4 L Samne work bes been dooe i the 305 Lab.
Thermooaspies mounted o drill bit. * Mmimizes mo lifications to drill. ® Abrasicn mescrial,
The cuaide an the drill siring-ruoning 10 the wp. = Tighwening drill string moves grooves 31 an.
* Epaxics tale 24 hr & require refrigeration.
Piczoclectric Crystal, with beaery Battery driven powes supply, crysial frequency ® Could make w3 of drill string pips as & = To largs power supply. 2 M Sooe testing bes been done in the 305 Lab,
, chmnges with teayp transmitting moedi 1 " 75 % sigmml lom over .6 mewers.
Crystal mausod inn bit ares. Minimizes max ifications to deill, * Carrp iniansrizat quired
Froquency travels through metal drill string. * E h and dewclor
Low emporore material in a Material mels in bearg st critical teamp Would pot hawv: lo Lreosmit data, * Cuiing shear foros may exooed shear streogth 1 M Cunting shesr forces most likely will exooed
scaied bearing thus allowing drill bit weeth 10 stop while drill suring Minimizes mox.ificats o drill. of low \«mpersture mewerials. maserial surength.
s rowting. * Camoat d ime when sheared
- B .
= E. H rch and & lop Il
Radio mthe d Somil traemiticr mxamied i drill string that would No wires 1o na . up the drill string. ® Large powcr spply. 2 M Samc tescarch bua bom dare o find sowll micro-
pant of drill suring scrxd 4 radio froquency sigoal up the cuside of the Minimizes oo ificats o drill. ® Semll traremiticr cooponcTts. sized tremsrmitcs:.
drill saring. = Abrsive of vase.
||
Heat ferring e Lbheat Maserial that fers hest emaier W ) M s e scoeor swsy from bit. ®= May not be practicsl for ang iength of drill 2 M Rexding rowimg rh, Y
ppe suring.
™ Rotary sensors ca sampler
" Mais cower beat prpe.
* Enemsion research snd developement.
Tompersawe scomitive paint Pairt changes colors ss \cooperatire changes. No clectronics  ovoived. ® No seal tims nformation. 4 N/A No mal time nfoanstian.
Minimizes mod Rostian 10 drill. = Must be visible.
= Must be dry srea.
Infrared An infrasd scanocr used 10 detoct bit iexnporanae. ® Could scoes lar » area for bt spow. * Bit n wasts pot visible. 4 N/A Can oot scrme bit wxnp sl unoh d
Minimizes mod Scation o drill. = Wase mmierial \xoperanae varics. N lino of sight.
= Additions] riser scomss. .
- . ® Indirect momitoring.
Lascr and phosphors Coat bit asea with phosphors. ® Spacs iseuc. 2 M Exwcnst rch and develop noods.
Excits phospbors with laser besn traveling through ® Camection problem with fiber optics.
- fiber optic cabls. Light emissions given off * Drill string bexads.
pond 0 \exop and would tmavel back ® Sampicr blocka laser fram bit,
through the cabls. * Extcnsi rch and develops
Flash bulb and photo cell A Oash bulb tams ON or OFF at the critical ® Cheap. = Power apply. k] N/A = Power supply =3 bottom of bit 0 large for
empennae with & phoio oell scosing the light at the = Nt sure it s co. space.
top of ths drill string. * Drill saring bends. * Ligit path obwirucied by sampler.
* Obstructexd Ligit pmah 1
1. “Sisom® miers 10 e degros of d axi spplicstion of the alteroati The stats ocxis is as follows: 1 — {Zoncopt anly; 2 — Sams development/iesting dans mors oquined; 3 — Teswod sad ready for use; ¢ — In use.

'J

*Viability Code® is tm

of e sppiicability of s ehermstives. The viebility ocxdo is o4 follows: N/A — {ot spplicable; M — M

I; P~ Possible; L —Likely.
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TABLE 6 — BIT TEMPERATURE MONITORING ALTERNATIVES

-

ALTERNATIVE DESCRIPTION ADVANTAGES DISADVANTAGES STATUS, VIABILITY
CODE, JUSTIFICATION
Acoustic pulse Nickel exciter sexds scoustic pulse through drill ® Makes usa of drill string as Lrensmiting ® Changs in \ctnpersire may oot be large 2 P Los Alamos pum W soxdy further.
suing, resding of reflections off of drill bit tp area mexdia. comugh (90°C 1o [S0°C) W cums desoctablc
will correspand to iemperature. = Migimizes ox dification to drill. change i reflectian.
® Requircs calibzujon rysiem.
® Upper reflex jon changes with esch pew
soction.
= Excnsive reh and develop
Fluid dynamic switch Frequency whists ch with texp *= No clecironics noeded. = Plugs with mad. 2 M Los Alsmnos piare to0 saxdy further.
= Minimizes mo fification o drill. = Manitoring sysem for whistle.
* Frequency mey vasy dus o gas flows or
phugging.
= T . reh and & lr for
ocamponent  mdification.
Curry poiat e ch Switch d by wemp Possibly = E i rch and deveiop 2 M Los Almnos plscs o saxiy further.
cambined with whistie.
Tag gasses, Krypioo-85 E d by wemp De of ® Delsys of gas & ventilation dewection sywiem, 4 | 4 Delsy in wa of over wamp bl
ind ax limit is roached * Low desoction {imins.
= E B ch and & l.
Grappic wim samph ) Y Eb ica paciage d in sampier tubs with ®* Hard wire meti od 10 gt dawa 10 wop of drill = Exposad slip ring j ing o 2 P Senxdis Labe saxiying comacp.
via slip ring quadsalsich slip rings m quedraieich iom 10 it sigmal sifing fraro elocun nics paciags. drill string.
from rotating drill siring 0 cloctronics package. ® Madificati o sampicr tubc and grappis box
rod cable.
* Major madificaian o drilling side of core
sample truck.
Grappis wire ind ly coupled Resi Texp De nx d m ba. ® No slip rings & posed. = Design time comems. 2 L Senxdia Labs saxdying coooept.
Resi Temp Des Signoal and powe~ tansmitied from eboctronics ® Power supply w0 bit.
paciago above. Sampicr to rowsting drill siring via * Faquoncy modulating b ic bit.
A orti pling ® Major madification to drilling side of core
Grapple wirs shove grappls latch Elocironics paciage moumed abowve sampls tube aod *® No madificatior to sampis tubs required. = E d slip ring 2 L Senxlia Labw saxiving comecpt. !
telemetry ’ grappic stachrrerx.  Sigoals transmitted from drill = Modification 10 yrapple box and cable.
siring 10 packags via alip rings. = Major mnxdificstion 10 drilling side of core
sarpls truck.
ank,-nn.uw:r.hnun Bloctronics peciags sbove sempio tubs and * No sensors mox ad in bit scction. * Tubo gize > 3 «mn ssecl drill wail. l M Problemn of frring beat pipo
grappler. Hest pipo runs from drill string section * Tramsfer from bis limmited in ares. rolating scnsovs.
neas paciage down 10 bit tp. = Major modification 10 drilling side of core
eampie truck,
1. “Sunn® refers W0 te degres of dovelopment snd applicasion of 1o al ive. Tho sisam cods i a8 follows: 1 — ( anoop anly; 2 ~ Same developrnent/esting dons move required; 3 — Tesied amd ready for use; 4 = In use.

2. *Visbility Code® is the

of the spplicabilicy of the aharmmtives. Tho visbility coda is as follows: NJ/A ~ | it applicable; M — Merginai; P — Possible; L —Likely.




b

b

4

TSI/

Fiber optic cabls rus in groove alang cusids of
drifl string 10 carry daa,
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TABLE 6 — BIT TEMPERATURE MONITORING ALTERNATIVES

ADVANTAGES

DISADVANTAGES

VIABILITY

JUSTIFICATION

Bimetllic disphragm Temperaoas activetion of the dispbragas could ts * Sts of disphragm. 1 M Disphragms 100 largs for ares i bit.
used 10 closs off-gas p (causing backp = Dewsioping & surface ind
which couid b mookored) or could activese a
piezoclociric crysial. Jl
Piezociociric powner — Vibraticn of the drill string would bs used s o * Minimeen o adificetian o drill string. * Sigoml losees during operation mey bo oo 2 P Los Alamos 10 study conoept.
piezocleciric Uanmmitier power sourve. Piczoeloctric crysal would seose ® Use drill str ng as Uranmenining modia. larpe.
op A itler would shift froqency 0 *= No power p oblem, ® Largo develcpment cort.
bo sexst Up drill string. = E i rch and devaior
Wax or meeal plug A plug would mekt s ths critical \cmporacuss No cioctrom » oonded. ® Lase af cooting air w0 bit. 4 | 4 Can bo deveioped but would came loss of cooling
lcaving an onening in the drill suring bus causing 8 ®* Cap oot be ract. g8 o0 bit.
pressuss decrease. ® Resding changs on the surfacs.
Rdnumn:hdnﬂ Sigoal would bo sct 10 the top of the drill suring No wires 0 wm up drill suring. ® Larpe power supply nn bit. 3 M Recuiire o largs power supply m dnill string.
sty with rdio froquency. * Grappin wirs will ground sigoal.
H Micoeawenag scosor Usn microwsves 0 o wmperstms axd serd Minizuzn b curemics down hole i drill string. * Weve guide 4.7 am 3o frequency of 20 GHz 1 M Microweve tochoology would oood to be deweloped
l sigoml up 10 e op. recpired. 1o improve ths carrent 2 GHZ ability 0 20 GHZ.
- n" oo o Y
* Few tags & sooepn Jocal data,
- - _]_“J lr
, Drill string/grappis wiring Uss the drill string a8 the groamxd load ard isolste Uses tiry as mining mexdia. * Grounding problem, oxmt isolaie grappis 1 P Sandia 10 sty comocpt.
axl uas the grapple lines as the pasitive lead. cabla.
* Must bave sliv ring coonection.
Drill string/wasie kcads Drill string used as & lond snd wass msserial used Uss cxisting snarces se tramemiaing meadie. ®* Varying clectric resistivity. 4 M Difficult 0 chocironically coupls with wess,
s & pocomd Jemd, ® Can oot axxadt wess. Short-cirouiting berween drill suring wall sod wases
* Drill string omtacts wasee, probabis.
I[Mmu Bit maserial saif-dostructs of critical ompersaam. No eloctronics nouded. * Sops cuiting, sarts grinding building heat, 2 M Siill generaies beat through possibly at lowor e, ||
i = Repiaas bit.
Tepping Mechanical tapping st critical lempersnms om drill Uscs drill str og e trenmrmting media, ®* Not real Ums. 4 N/IA No real tizne manitoring.
sring, = Largo power supply.
Mud sream wleiry Sexd sigmml up wesss comserial in drill mring, * Cin o soccss wases (low. 4 N/A Sampis contan:instion uoscocpiable,
* Mud woukd coataminats tsnk and sample. Media oot werll

t.
ra

“Stanm”® refors W0 the d

of &

) oy

4 snd spplicstion of the witernmr The ssnm oode ia as fallows: 1 - Cancent caly; 2 — Sams development/esting dons O required; 3 — Tested sod ready for uas; 4 — b use.

“Viability Cade® s the

of the applicsbility of the alematives. The viability cods is as follows: N/A - Not spplicables M — Margirel; P ~ Possibics L —Likely.
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TABLE 6 — BIT TEMPERATURE MONITORING ALTERNATIVES

ADVANTAGES

DISADVANTAGES

STATUS, VIABILITY
CODE, JUSTIFICATION
¢ Dondod * Nat direct monitoring. 2 | 4 WHC p ding with P

Radio frequency through metal Vibration of drill string 10 be read st wiper scal a8 * Uses dri | string as irsrwmitting roedia. * Power ngply noeded at bit, 1 M Power suply ooods too large for aveilabls space. "
drill string the top of the drill string. ® Major malification 10 drilling side of core

mTpis truck, ""

' Parsilel probs Hols an besids drill string, probe teerted 0 * No mxxdi icstions 10 drilling oqupment. * Difficult to get probe through bard weste 4 M - Difficult 4 wssure position of expersture proba.
monitor bit iemperstre. dowm o bl Up.
1. *Stanm” rofars 0 Ue dogros of development and spplication of the alt

2. *Viability Code® is e

of the sppli

bility of the ein

The statis corde is ma folloan: — Canoept caly; 2 — Same developmont/iesting doos mOw roquised; 3 — Tested and mady (or use; 4 — In use.
The viability code is as follows: N/, — Not applicsble; M — Margioal; P — Pomsible; L —Limiy.






