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ENGINEERING ALTERNATIVES STUDY - WASTE TANK SAMPLING SYSTEMS 

1.0 Objectives 

Sampling of the waste forms in the Hanford single shell 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 TP A) 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 sampling 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 all 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 health. 



. ' 

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 from the waste tank can be done in a variety of ways. 
Approaches for sample retrieval device closures which have been considered 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 chenµcal reactions of 
concern cannot be initiated at salt temperatures less than 1800C. To provide a safety margin, 
the maximum allowable bit temperature has been set at 1500C. 

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 all 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 1500C 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 arc 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 highly 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 



I 
I 

-.....t o-... 

,. 
WIIC-5D-WM-~l05 

REVt 
PAGESOFG 

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 required 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 appear 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 cm (4 and 12 inches nominal) . 
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The system shall be able to sample sludges, soft saltcake, and hard saltcake and 
combinations thereof. 

The system 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 cm3 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 sample system shall not cause the tank waste material 
temperature to exceed 1800C. The sampling apparatus temperature shall be less 
than 150°C. 

Direct temperature monitoring shall be provided if the sampling mechanism has 
the potential of exceeding lSOOC 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 
ionizing radiation to ALARA. In no case shall the dose rate for an individual 
exceed 300 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 
arc 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 resarnpling 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 Samp~g System Alternatives 

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

3.3 Sampling System Evaluation 

Tables 2 and 4 (Sampler 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 90 % of the 
time. 

The system must be able to retain sludge, granular salts, 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 ~pie. Some of the hard saltcakes are highly cemented. 

The system 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 
interface with the sample extrusion equipment that is available. Alternate sample 
extrusion or recovery systems may be provided as an integral part of the retrieval 
system. 

~ . 4.2 Sample Retrieval System Alternatives 
L...n 

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 
1500C 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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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 50 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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6.1 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. These criteria have been excerpted from some of applicable 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/cm3) 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 fluid must have a low volatility and be non.flammable. 

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 Altematives 

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 difficult. 
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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 (nonnal) 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 tan.ks. It has a density of about 0. 72 g/crrt', 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 already in the 
tank since NPH was used in many of the extraction processes. 

Other nonnal 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. Oensities of 
many of these compounds are· too high. 

Polydimethylsiloxanes are commercially available in various fonnulations 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 detennined. 

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 detennination can be made simultaneously with the gamma 
analysis nonnally perfonned 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 
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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 purging and 
cooling of the bit, then the same gas should be used for the hydrostatic 
displacement. Inert gas may further reduce the risk in the tanks containing 
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 pro_grams 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. 
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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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Table 1 - Sampling System Alternatives 
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Table 1 - Sampling System Alternatives 
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S,H 

S,H 

H 

S,11 

P. 

H 

H 

H 

SYSTEM 
DESCRIPfIO"' 

Tapo,at aampler droppad -.erticaily i, . p::a::(nla 

,ludc,,s. Saa,pier n:uiewd by cab• "~-

T nee« ar tnck maumd backhoe wit 2 OCDCp 

oba,,,el. 

Manually op:ntcd obol,,ol. poo& bom c· iu,cr oc 

1imi1Klo:>l.. 

Minialuro 1priz,c claouro clam 1bcll • wpcad<,d 

Crom c:nm book. Uocd to umple oh.I Ip ia Cllll)'<ID 

Cacilitia. 

Wp praa..., -tcr jct uoed to cu mo,lcriala. 
&iatia&applicatic:m cuacuj"ol11aL 

ffjp prallft pa diacl:arp a& bil wit! ahruhc 

&rit-

Cbam .. ., uoed 1o cu blocb ol hazd 1,altcu11. 
(Pauibly Crom robotic um.) 
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Table 1 - Sampling System Alternatives 

ADVANTAGES 

• Simple. 

• klatiwly incxp:mi,,c. 

• Commorcially available 

• Simpm lo .-. 

• lluu,:d 

• Simpm. 

• 1ao.xpcm..,.,. 

• 1ao.xpcm; ..... 

• C... fit in 1-12" via. riaa. 
• Tcatcd ii,, radiooelM malCrialo. 

• Jlabxd beat ia,cn.tioa al biL 

DISADVANTAGES 

• Llmitcd lo 1urfaoe umplinc 
• Hip cxpoow,: lo radioocti"" and lmuc 

mac.criala. 

.. Can' t IIC0CU -- in tank. 
• Excaai"" dooc. 

• Can't ICIOCM WU"'8 in l&llb. 

• Excaai>e dooc. 
• Dioturi,o phywical propertic. o( umple. 

.. Diotw-ba phywical propertlc. o( umple • 

• Llmitcd to ,hallow boa and 101\ 

mac.criala. 

• Hip c.xpoowa and canminatioa 

~ upoa retricvu. 

• Can't aoocea wuco ia tanb. 

• ludiatioa dooc u"1 omcamirwcioa m,,:la 

ui,o.azptabm. 

• Excaai"" volumto of wuer ll=Cntcd. 

• Dilutioa/omcamimtian of aamp• probable. 

• Exc.cmal hip p,aew,: rcqui,ed. 

• Hip taz,pcnturc. 
.. Clas bouom o( tank. 

• Excaaj..., P""""f aupply rcqui,cmcnla. 

• Sample CTaU CCP'l(tmine1icm.. 
• Sample crooioa. 

• Exla,oi,,c 11,ppor\ l)'llaDI rr:qui,al. 

• Sample CTDU ocmcunine1iaL 
• Sample crooioa. 
• Exla,oj..., •upport l)'llaDI rr:qui,al. 

• btriioYal of C0lU c:lift"ICWl. 
• llcp(h of ump• limitcd to bladD li::ncth.. 

I. •w- Form" 111'=8 to ti» Conn ol ti» crw.1aia1 Ibo& caa, la aamplad with ti» iadmdud allema&iw. n. W. - Form Ced.. ;,. .. follo,i,w: L - l...iqlDd or mmd 1luny; 9 - Sludp or ooA oallcalm; H - Haid oallcalL 

2. -Vlllhilily Cai." ia ti» 11+-,,.,.... ?I Iha swlicability oi • aamplia& l)'lloOm. n. V'sability Ced.. ia u folk,oi,9: N - No& vialMo; P- l'aNibly uoabla • M-a 1G111D cri1eria; A-~ . w-a- oc all criteria.. 

3. Saa Rd:n:DCD Scalas ol Rq,on • rr:paru liaaal aap:atial by a..mbo:r. 

COD~ 

p 

N 

N 

p 

N 

N 

N 

N 

N 

VIABILITY 

JUSTIFICATION 

S"""""fully tcatcd for ,pecial caJditioa oaly. 

D<- nv.a and po1CUiaJ for caviraam:aa1 rr:k.uo 

IIIIICDOpl.lbly hi&h-
lmpractical mechanical oamuaiala. 

0.- ,..,. and polCUiaJ for caviraam:aa1 rr:lcuo 

imacc,cpt.1bly hi&h-
lmpnctical mechanical ....uoima. 

P011ible appliatioa wilh a robotic arm to umpm ,poc:ific 
obt.llow larp:l an:u. 

No& 1e1c.cd. 
Gc:a:nc.c• cxcaa liquid wu1<1. 
Diaaoka 1C1DS o( umple. 

Eitcaaiv.,: tcmpcntuno prr:cluda ... ii,, tank 

CIIW'Clmn:a&&. 

PotallW foe cnviramncmal ..,.....,_ 

lmpnctical mcc:henical 'lODICIUIII. 

REFER
ENCES, 

• 

Nam 

Nam 



t 
;;;:r-
L.1") -

ALTERNATIVE 

I 
Robaw: aampler 

Bott» 0ll • •trinc 

Modified bonla oa a •lria& 

Dipaamplcr 

~ "vial Clll a pulky" 

WASTE 
FORM1 

L,S,H 

L 

L 

I. 

L 

L 

r. 

SYSTEM 
DESCRIPrIC:N 

Robaw: ..- immai lhrou&b 1arccr riacr wilh 

1<:bcxlpi<; or foldinc cnc:miom. It mo1<:ly cuidod 
wilh cloeod-cin:uit 1<:lcvuioa.. C:0...,i :d wilh a 
..-.blio aamplcr, pouibly a miai&cu e rcury drill 
lbat ii pla<Df oa tbs outface ol tbs a Jtcalm by tbs 

robotic um. 

A -isblal boulo wilh • cork inaeru i ii lo,r,cred 
ia&o tbs tank. At Ii& dcain:d dq,lh L',o atrin&. which 
ia abo a&tacb:d 10 II& oorlc, ii jcrlood pulliac 01& II& 
oork. Tho boulo lilJ. wilh oolwa:, a ai ii lhca 

~ lhrou&b tbs riKt baad~••n buai.. 

Sams u cbcn1icd abo,,c (Boalo ca • tltm&), wilh 

Iha addilias o( • Kil cbiq liil wbi< 1 impro.a 
aamplio iaesricy. 

Opm lq,pcd aamplcr 0ll • Im& mr,u; rod. 

Maaipulalad (ran • cram ia&o riacr. Pl....., 

openlal ball valw ca bouom to allo • • ianoea• 

traador ol aamplio to abiicld boulo. 

O....lopsl for da:p _,. aampJia&. Op::m a& 

dain:d dq,lh .,.a •icaal from aumc ... lhca 
IDOloace. 

Similar lO baaJa 0ll a •trinc ~ lb,,& S)'Slml 

iadudoa mccbeaiml -· n,tri,,w1, alt':cldcd ~ 
aa:I o::rc,ms:d 

Similu to boulo ca • •trinc ba u.i&: >c cvaaaJai 
coawmr wilh vahe. 
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Table 1 - Sampling System Alternatives 

ADVANTAGES 

• Ca1ld obcain oamplca ill - o{ lb: 
tank DOl lhrou&b cxiatinc rixra. 

• Simple. 
• 1ncxpom;-. 
• Caa aample at dif!'crall dcpchl in tbs liqwd. 

• S"m,plio. 
• lncxpomi,ic. 

'" Call aample al dil'll:rall dcpchl ill 11,: 

liqwd. 

• Sia,pc 
.. 1a:zp:m;-_ 

.. 0.-..'t -,.ire baad6-ai opentic:a by 

pcncad. 

• Talcd i..:hnoloa 
• ffil,b iar.esricy ,ample 

• Will work in dcpchl ol aohaic:a in tum. 

• uu c::blrm o( OTC•mirw•ioa •i--1 or 
ac:aa cxpooute1 lhall bottla Clll a 1uiac-

.. ~ ,ample II. all lcwla. 

• Caal.aiDi:c -iod dllrin& ~ 

DISADVANTAGES 

.. Expcmn,e. 

'" Exl<:miw dew:IDpmClll and latin& 
,equin,d. 

• Probably limill:d in dcplh ol umple !hat 

• May diswrb pbywical propcnica oC aamplc. 

'" No coruimn:ul durinc retrieval. 
'" lliolt o( •pillia& oolwaa, 1prcad o( 

celllamiaatic:a. 

• 0.- caa be bil,b if DOl dom properly. 

• Boule op:n - IODlll mixmc wilh upper 

tohaioa u aunple n:tricwd. 

• No Cl0Dlaimnca& duria& rctri,,,,,al.. 

• lliolt oC apillinc aohaioa, 1pn:ad o( 

'" [be CUl ba bic), if DOl dom properly. 

• No .....,.ai.......,. durizii rctricvaL. 
• !wit oC 1pillin& aohaic:a 1pn:adia& 

CXPJ11rn1r•11ra. 

• Sample mw:d wilh sohaic:a abo,,c 

dcai.n,d Hmplo icwl. 

'" Opminc W cbia& mccbe11i1111 -,c,wd 

DClcd to ba a111om daip,cd. 
.. Exp:mn,e compamd to boulo 0ll •trinc-
• No o:w:,1inrn:::d durinc rc:tricvu • 

• Probably ......idn't fit in cxiatiac abiicldcd 

aamplio c:arricn. 

• Mora c,cp:miw.. 

• Not doMolop:,d aad lcalcd. 
.. Tnmfct lO cJmcd. ,melded aamplo 

cam:, diffiailt. 

I . •w- Foan" ~be to 11m Coma oC Iha malaial lhel can ba •-aplad wilh Iha iad.ividual d1<:rm1i,oo.. Tl» •- F011111 Cada ii u !..UC,....: L - Ll,pd or mod 1iun:,; S - Sludp, or aoft ~ H - Hanf Mlleab:. 
2. "Vial:iilily Cada" ii lb- .. _ 4 o( Ibo ,wlicability o( a wz,plia& ~ Tl» Vllhilicy Coda ii u Collo.w : N - Not viablo; P - Pouihly uublio • M-• aomo cri1eria; A - MDOpW>le • Mada a:101& or all cri1eria.. 
3. Sao Rdi,- s-la:l oi Rq,an - tq10111 lilied ~ial by IILIIDbor. 

CODE:z 

p 

A 

A 

p 

N 

p 

p 

VIABILITY 

JUSTIFICATION 

May be aca:ua,y to allow 1pocial aamplin& oC ..,... 
ina,;x:a.,ible Crom rixra. 

Obtair. aoocpcable liqwd or 1luny aample wilh acaeptablc 

openl~ CXpc>l&ltC. 

Llmi101 ci,-~ ,,._ battla ca • otriac- Mi&bt ba 
dcainb!o for aampJia& NCAW. 

No ad\-wmap °"'"' cxiatiac bollla oa llnll&· 
Mom difficult to ..... 

Nocdo dio,,clopmca& to ~ NCloowa o( viel aad 
tramlct 10 ohicldcd aamplio caniu. 

PCJICC:l:djJ for c:aviramau.l 0'.11C•mirwliOll. 

REFER
ENCES, 



ALTERNATIVE 

Uaiwnal aamplu 

WASTE 
FQ[rM1 

L 

L 

L 

L 

L.S 

1..::,H 

SYSTEM 
DESCRIPrIC N 

Smail bauJo filW with liquid ailroF l ia lo,c.crcd 

imo WUla lank. Solu&.ia:t f.....,.. 1o lUl&idc ol 
boulo. Saa,plo iaricw,d u,d lhawai 

~ aamplu lllilizin& -· jct u matiw 
forao. 

~ aamplu wlwnc izria1>Jtic pump for 
oaafincd matiw forao. 

~ aamplu lllilizin& - .. u matiw 
rorao with prcaeurizod W' liA to aucti D k& 10 a1WD 
hi&b lift. 

Sac INl:k ~ rowy drill. 
(Sac pap, 16) 

., 
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Table 1 - Sampling System Alternatives 

ADVANTAGES 

• Exiatiacdeaip. 
• ~ coalim:mczl& o( aamplo:. 

• Capablo: ol liAin& aolwoa 1o 1q, ol lank.. 

• Di:moaalt'lll<ld deaip. 

• P~ CXW1firrmm1 o( aamplo:. 

• Pruvidce CXW!tirrmml o( aamplo:. 

• Pruvidce 1hio::Jd.in& ol aampk. 

• I<- aamplo ~ 

• l'ru,ndo,a oaalm:mcu o( aamplo. 

• p~ abicldia& ol ua,plo. 

DISADVANTAGES 

• POlallial for caawainatioa aprcad. 

• Samplo may D0l b: rq,r,:acnt.aWD o( 

aolwm in lank. Sepan&ioa r:my occur 

durinc freczinc. 
• Safccy problam ...;th lw.adlin& liquid aitrocen-

• Adda _..,, to lank volumo. 

• Pump may aocd to b: loauod in 
IUllclliquid lo 0¥en:omD byd,oawlc 

praawelauctim bead. 

• POlallial ror conc,rninecka aprcad rrmn 
Y9QAml IOURIO. 

• Moro cxp:mive than batti.. oa a atJin&. 
• Moro labor inw:mne lhaa battle CD • 

•trin& • 

• Moro cxp::mi- than bculo oa a auin&. 
• Moro labor inl.cmive lhaa battle en a 

•lnll&· 

I. -w- Focm" n:ion 1o Iba rocm ol the -""'811bM caa• I» am,plad with the iz:dmdua1 a.lk:ma&ivo. lbs v, ulO Focm Coia ia u C<>llow9: L - l.l,pd or mmd aJmrr. S - Sh.dp or 10ft ..Ji.:aliz:; H - Hard aal1<:u:1:. 

2. "VWlility ea.• ia lb- 11- 4 ol Iba applicability ol a MlllpUII& oywlCm. lbs V"w,ility C<dos ia u follac,.: N - NOl viahc; P- Pouibly wablo. Mcaa ...,_ c:ri1cria; A- Acao,pw,i,, • J.4-a 1D01C or all ~ria. 

3. Sao It&"'-- s-im ol Rq,art - rq,aru liawd occp:aia1 by 111.lmb:r. 

CODE:z 

N 

N 

N 

p 

A 

A 

VIABILITY 

JUSTIFICATION 

No advuucc avcr battle oa a •tJin&. Several odditioml 

probln• -u1,. 

Waw:r odditkn D0l deairablo • 

p~ byd,oawlc probbm with pump deai&Jl 

capabilitiea. 

Provide, a.oa:ptablo umplo ol liquid and aludp, mcdj...,. 

with coaliD:uzu and abicldia&. 

Providct aa::q,cablo umplo ol all modiuma with 
ocnlia::mcm and ahicldi:n&-

REFER
ENCES:, 
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TABLE 2 
SAMPLER CONFORMANCE MATRIX 

SOLID SAMPLERS 

SAMPLER METHOD Crane 1upp«led 
rowy drlllwlth 

carbide bit 

DESCRIPflON A Lon 10'..,. rolary 

awe drlll wu 
IUlpftldN INm a 
boom cnn• 
alio..ln1 "umot•• 
pb..-r.nn,I Into " 
rl•tr roc samplln1. 

CRITERIA 
•:·:•,;,::; ,:• ·· ·.· ·•.···· • :-.. -: .•. ·-•-•:-- ·• · ..... 

:=o~ •~bf~jo,,~~¾f~:~JW~A) y 

Tho 1yw1cm at.II bo 1blo to aamplo llqulda and alwrice. 

Sunplo 1ludgc,1, ion and mrd 1ahc:11m and oombinatlom. y 

y 

Contain • rninimwn or ~. 7 err? or ma1erW per cm or """'· y 

Liquid nmplca mu,t be at leut 100 ml In volume. NIA 

y 

Tho 1yattm 1hall not alter !ho chemical propcrtlca. y 

y 

Shall rc«1YCr at leut 90" of a ruU 1unplo 90" of !ho time. Y 

Oin:ct tempcn,tun, monhoru,, 1h,,II t,,, pnr,idod If lho 

nmplina mechant.m ha, !ho po1cntl1I or excccdina I .SO-C. 

Sunple. and u •oclaled hard..,aro muot bo 00mp11l1blo ..tth 
eilitln& 1l1e hot oc u racUita and equlpmen1. 

Sunplcr vertical pooitlon muot bo meuunblo "'ilhin I Inch. 

Mwt remain opcntlonal oiler tank expooure (or 3 ......,b ..,jth 
d090I of 2000 R 1hr and 1olutlono ..tth pll > 12. 

Tho 1y1tem dealgn and opcntlan fflllllt ca,,ilder Al.ARA. 
lndivldml d011e ,ball not exceed 300 mrem\......,lc. 

Tho 1ywtem 1'-11 bo ablo to obtain a 1unplo In a reuonable 
lcnath or time 0,- than 2 """'b) for a full lcnalh ~le. 

Generation or ICC<lm&fY ..... lee •ball bo mlnlmlzcd. 

The •ampler aupport ,,,.1em .,.., be reunble, mobllo, and 
maintainable. 

Tho 1)'91em D11111 be capable or talifts mon, than onD Hmplo 
rrom • &lw:n rlaer. 

Tho 1)'91cnl ffllllll bo (1bric:ai,,d or procurod, t.celed, •~ 

ror me, and ,udy for full opcntlon by 4/1 II 993. 

Compoell• Ralln1 (numb« oC Y'•) 

l'u1/Fall - Critical Crllnla (1hadtd bnn) 

N 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

22 

Tripod Trudi .,_nled 
.,_nled rotary drlll with 
rowy carbide bit 

aampler 

SaaJTold !lpedally 
.,_nlNI d•l1111NI toWJ 
,..,er 1lukln1 aw• drlll with 
method. aample fflJ'lffll 

rttrlnal 1y1lffn, 
.. hid, u1111z.,. 11n 

automatic 
p,opplln1 latch 
roc 1httlt1 
aampl• rttrlnal. 

y y 

N'" N• 

y y 

y y 

y y 

NIA NIA 

Iii:::;: : :\{hi}!!l/1! y 

y y 

y N 

y y 

y > ?;::/;\: ~i 1!i!iiil)i::::): 
::;': :::::::::::.:.:•·.::::,:,::=;:;-,:. :·. 

N N 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

22 22 

N• If un1..,,.a1 •amplor II 1-1 In tb:.o appllntlona, a liquid 1unple could bo taloen, ~r ii II not c-.....,,.,.,,. adapi,,d to thc,o ,,,.1cm1. 

Trudi .,_nled 
ro1ary drlll 

with mocllONI 
bit anti 

unlwnal 
ampltr 

!lpedally 
dNlanNI rowy 
awe drill with 
aample MIJTlffll 
rttrlnal 
1y1lft!I, "'hlch 

ullllHI an 
automatic 
p,opplln• lalch 
r« 1hltld 
•mple 
rttrlnal. 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

N 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

Pua 
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Trudt Vlbnllon 
.,_nled ualaled 

rowy drlll rowy drlllln• 
with dlamontl with unlwnal 

bit . ampl« 

Rotary aw• Core drlllln• 
drlll with l)'llffll lhal 

diamond• u, .. 

lnbNINI In bit. ultruoolc 

Bit leelNI wu vlbnllon lo 

1ptdally "cul" ll1rousJ1 

dtelpted not matrix. 
lo cul 1letl. Could be UIN 

with al1Un1 
unlvwal 
sampler. 

y 

N'" y 

N y 

y 

y y 

NIA y 

y y 

y y 

y y 

N y 

y y 

N N 

y y 

y y 

y y 

y y 

y y 

y y 

N y 

y y 

. y y 

y y 

y y 

y y 

y y 

y N 

18 
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TABLE 2 - CONTINUED 
SAMPLER CONFORMANCE MATRIX 

SOLID SAMPLERS 

SAMPLER TYPE 

DESCRIPfION 

CRITERIA 

The 1y11cm 1hall bo ablo lo 1amplo liquid, and 1lw-nc.. 

Samplo 1ludga,, 10ft and bani 1al1cam and canbina1iono. 

Contain • minlrmm1 of 4. 7 cur of material per an of roro. 

Rotary cut and 

chip 

Rock drill uocd 
In minina and 
c,omlrucllon. 

y 

N 

y 

y 

y 

Rtwroo 
drculatloa 

Typlc:aUy uocd 
,.,;lh air lo 

lnnoport chJp1 
to 1urf•oe 

mounl.ed cyclono 

•ep1nlor, 

Ulili.ru 
occormry 
cai,-.cxi for 

alrllaw In 
annu1 ... 

'\t\}i'~/:{} 
N 

y 

y 

y 

Chum drill lland opcni,,d 

want drill 

lmplexina lland opcni,,d 
perc:wa Ion clrlll. vcroloa of chum 

drill. 

y y 

N• N• 

y y 

y :::::: :::::Jt~J::::i:: :::;::;i 
·,.;.·-:-·-:-:-·-:-:-:-:-:.;-·-.·-·-·-·.••;•.•·-: •.·· 

y y 
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Roclprocsl Rotal.ed cuma 

<-hlna drill 

machlni,) drill 

OcceU.tlnJ Culna ,.,;111 
rou,tlon of bit•• drllllna 1hoo 
law ,.,..,.i,. rou,i,,d lnlo 

can,. 
Socondary 

drillin& of 

cuma Interior 

requlmd. 

y y 

N• N• 

y y 

y y 

y y 

Liquid ,ample• lffllll bo at leul 100 ml In voh.mc. NIA NIA N N N NIA 

The I y 11cm 1hall no( 111.c r the chemical propertlce. N 

Shall rec<M:r 11 leul 90" of• full oamplo 90" or tho lime. Y 

Dircc:1 lempe nlwe moni1orin1 ohall be provided If the 
umplin& mcchanlam hu tho po1en1lal of cxcecdin& I 50"C. 

Sampica and uoodal.cd hard..,.re DNII bo compallablo ,.,;lh 

exLnin! olle hol ""II fa-:!!Jt~ and C'!'.upmeoi. 

Sampler ""rtlcal poeltlon muel be mcuunblo within I inch. 

M1»1 remain opcnlional •Iler tank cxpooure for 3 wccb with 

dooea or 2000 R\hr and oolullono ,.,;th pll > 12. 

Thc oyolcm dcelp1 and opcnlion muol ca,oldcr Al.ARA. 

Individual d.- ohall no( exc,c,od 300 m=n\wcclc. 

Thc 1yolem ,i.u be 1blo lo obtain I Hmplo In a rcaoonablo 

len&th of 1bm (leaa thim l wccb) for a full lcn1th ,amplo. 

Tbo •amrler ,upport 1yo1em lffllll bo rcuoablo, mobllD, and 
rmlntainablo. 

Tbo 1yo1<:m 1111111 be .,..,.blo of takln& more than om nmplo 
from • a!Yen Ner. 

Tbo 1yolcm 111\111 be f 1brle111.cd or procured, leelod, approved 
for._, and ready for Ml opcntlon by 411/1993. 

Compoall• R.alln1 (numb« ol Y'•I 

l'uo/Tall - Critical Crlt..-i. (oluuled boa•) 

:. 

N 

y 

y 

y 

y 

y 

y 

y 

N 

y 

y 

y 

N 

y 

N 

16 

N 

y 

y 

y 

-:·: 

NIA 

y 

y 

y 

y 

y 

y 

y 

N 

y 

y 

y 

N 

y 

N 

17 

y N 

/'(:>: ~::\'.)?{ y 

y N 

I ]\ ....• 
1:::t \:!}!:::J!I 

y 

N N 

y y 

y N 

y y 

y N 

. · ... ·.·.·. . ·.·.· . .· . 
·,:-:-.•'.•:.: :-:.:-,- -: _:-.,;_ :-·,:. ){ y ::JJJ!X'.VU •'.'.• '. ·'.-
-'.•:- .-·,::•·-:•·•: :-:-::•'.'.•:•'. .·.-.·.•,· 

1:-::,.,.,-:::::::-:::-:::-::,:,::::.,-:::::,:• 
y 

I :ttt::::::::::::~?]t:i:: 
·.·.•.·.•,·•.•-•,•-·.·,•-·.·-·.·.·-·,·-•.·-·.·, 

y N 

y y 

y y 

y y 

y y 

y N 

y y 

N N 

19 12 

N• Ir ""'"""'' 1omplor It uocd In the., oppllaitlono, a liquid 1amplo could be lalacn, ~r It It not currcd.ly acupod to the., 1yo1emt. 

U• Unknown. 

1111 

y y 

y '>:;}:}/~:+::' !}}. 
y y 

u• y 

N NIA 

y y 

y N 

y y 

y N 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

N N 

2D Ill 

7 
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TABLE 2 - CONTINUED 
SAMPLER CONFORMANCE MATRIX 

SOLID SAMPLERS 

SAMPLER T\ PE iw.o Drlll P,,,.,...lon drill Cobio tool Vibratory drill 
whh oep,alor 

DESCRIPfION Pilot drill lhtu Hanmer drill Impact driven, Con, drlllina 
tonk bottom with utilizin& open O&ff1>ler oyolem ut11iu. 

bit 111adm from ,,.,., .... 110 lube .. 1n, cablo vU,rollon lo ~ 

beneath tonk and lnnllpor1 or driven hammer. lhrouah -1r1x. 
rol.oed lhrouah cbipo and d .. 1 lo Cu&llnp can bo 
lovo cam ourf100 -~ tnnopo,1,,d 

eyclono ,,.,., .... 11caUy. 

9Cporalor. 

CRITERIA 

y 

The oyotcm tholl bo oblo lo •&ff1'lo llqulda and 1lurra. N N N N• 

Sample sludgeo, ,on and bani ullcab: and oombinallom. y y y y 

y y y 1

1:::•:::•:•1:•:

1l111i/:f 11
i!:!iliili:

1
::ii•ii!:• 

Contain • minimum of 4. 7 mi or 11111t:riol per cm of core. y y y y 

WIIC-SD-WM-ES-105 

REVO 
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0-..holo ..,__lie 

hammer drill ~drill 
(Jock llammcr) 

Pnc..,.lle ~ctdm,ea 
pon:uoolon drill °""" oan-.,ler 
·•1ilh heed 11 bit. lube .. 1n, 

Requ!,ahl&h pncumolle 
prcoouno air ln-.,.ct drive 

•uwly d"""' head. 

drlll •tnn&· 

y y 

N• N 

y y 

y y 

y y 

Liquid umplee nn»I bo 11 leut 100 ml In vollmll. N NIA N NIA N N 

Th:, 1y11cm 1holl 004 alter tho chemical propcrtle, , y 

Sholl rcC<M:r 11 leul 90" of I full 1unplc 90" of tho 1irn,, Y 

Direct lcmperaluro monilorinc 1hotl bo providod II lb:, N 
umplinc mochanLom hu tho po1enllol or e,u,ecdln1 IS()"C. 

Sompleo and uooclo~ hord-n, muol bo c,ompotl.oblo with Y 
eili1lnc 1ho hot oell focllitleo and cqwpmcnl. 

Sampler verllea.l p011 Ill on muol bo mcuurablc within I Inch. Y 

M .. 1 remain "l"'rallonol oiler tank cxpooun, for 3 .....,b with Y 
doee. of 2000 R\hr and 1olu&l0111 with pll > 12. 

Tnc 1y11em &:.lgn and op,rallon mwl con,idcr AL.ARA. N 
lndlvlduol d,- 1holl 004 cxoecd 300 mn,m\,..,,.,k, 

J::::~~£:i~S~~iii~ii~•iiTii:iii!: :::::: :.:-::::•:::.:::•·~:,:•::::•::•:::'.:•:·,:•: 
Thi, 1y11t:m 1!.ll bo oblo lo obtain I oamplo In a reuonoblc 
length or 1irn, (lcaa than 2 .....,bl for a full length 1unple. 

Generation of oec:c,nlary _..,. 1ball bo rnlnimiu,d, 

n., •amrlor 1uri,ort 1yo1em muo1 bo re ... blc, mobile, ud 
naintalnablc. 

Tnc 1yotem nn»I bo capable of lllin& moro than ono 1unplo 

£mm • 1lven rl.er. 

Thi, 1yo1t:rn muol bo fobrlca~ or proeurod, lt:I~, •l'l'flM'CI 
for '""'• ud ready for full cpenitloa by 411/ I 99'3 • 

. Compoell• Ralln& (numb« ot Y'•I 

l'u1Jfall - Crlllad Crll~la (•hadNI bcnn) 

y 

N 

y 

y 

y 

N 

y 

N 

13 

N y 

y y 

y y 

NIA N 

y y 

y N 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

N y 

y y 

N N 

17 19 

N• If mlvenial 1unplor la uocd In thcee oppllcallom, 1 liquid 1unpla could bo talacn, ~r ii la 004 c:urrenlly adoplod 10 thcee 1yolt:ml, 

., 

y y N 

y i/F!i:?~,:<, \.' I::? ~?()=': 
y y N 

y I t:tu:r::~tt<:t> 
I\?:+>?<: ': ,:\ 

y 

N N N 

y y y 

y y N 

y y y 

y y N 

y y 11!!.!il 
y y ?{)){; ·•·,•;, 

•, :,•.•,••.•,•,•,• ,:.•,• .· ;,;,:,:,:•:•:•:•:•:•:•: • 
', ',' ,,,•,:,•.•,·,• ;,;,,•,•,·•··•.-, ;•,•,· 
·,:,::,:,;,;,:,:•:•:•:•:•: ;,;,,•,•••;;,,,,.,. 

N y y 

y y y 
.. ·,·. ,' ,', ' , ,'., 

y y ,Jtt>if ,,.,.,.;.:,;.;.;,:.;, :::;:;:;:::;:;:;:;:;:; 
;,:,;,;:;.;.;-:,:,:,:•:•:• ;:;:;:;:::::::::,:;:;: 
.·.·.·.-,•;•,•,•,•;:,•, . 

y y y 

y y y 

y y N 

y y y 

y N N 

19 19 12 
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TABLE 2 -- CONTINUED 
SAMPLER CONFORMANCE MATRIX 

SOLID SAMPLERS 

SAMPLER TYPE 

DESCRIPTION 

CRITERIA 
• · .. •,·,• ·. ·.·.•.·, ·., •.·-·-:.;.;-;,:-:-•-: ·-

. blilll:~~~f~fo16fo.~•·~ '.1~~~:}:\:/) 

Tho l)'lllcm •hall bo able lo 1ample liquid, and 1lurrica. 

S,uq,le •hdgee, ,on •nd bird nllcalm •nd combina1lom. 

Con1aln a minimum or 4. 7 nr? or maLcr\al per cm or ocne. 

Liquid Hmplc. IIIWI bo at leu1 100 ml In vol1n1C. 

The 1y1Lcm 1hall not • lier lb<> chemical propertica. 

Shall n:covcr II leul 90" of I full 1•mple 90" of lb<> limo. 

. Wa.•ie -1criiil eliall ~ ~ii;;&;d, ilio~c; s~iuii a~iaii. ;:: 
••· 1emp;,;.iuie ith.iu i.e kioii than .1~~c.\ : : · · · · · · · 

Din:ct lcmpenlure monhorlna 1hlll bo pn,vided 1r lb<> 
umpllna rnech1nlsm hla lb<> po1en1l• I or cJ<ODOdlna 150"C. 

S•mplc. •nd utoclaled bard....,., muot be .,.,.,...1iable ..,jth 
cxi•tin& 11!0 hot a,ll r•cllhlc. •nd cqulpncnl. 

S•mpler YCrtlcal position muot be mcuunble wilhin I inch. 

Mu,1 n:maln openllonal • Iler tank cxpooure ror J .....,b with 

d.-. or 2000 R\hr •nd eolutlom wilh pll > 12. 

Tho 1y,Lcm clc. lgn •nd openllon .,..., <on11der Al.ARA. 

lndivld1al d.- ,I.II not cxccod 300 mrcm\.....,k. 

Thc 1y1Lcm ,i.u bo able to obtain 11•mple In a rcuonable 

lcnalh or tlmo (1cu than l .....,bl for a full lcnalh tample. 

Gcncnllon or eecondary wutee 11all bo mlnimlud. 

Tho •ampler 1upport t)'11Lcm mwt bo ,.,..,.ble, mobllo, and 
malrulmble. 

Tho 1)'11Lcm lffllll be capable of taldna more than 01111 ,ample 
from• Jiven rieor. 

Tho •y.tcm mwt be fabricated or proc,uml, Lclted, •~ 

ror wo, •nd ready for full op,rallon by 4/1/1993. 

Compo,11• Ralln1 (numb« or Y'•) 

1'1111/fllll - Crllksl Crllffla (•hadtd bmin) 

Surfam •user 

lland driven 
•user wilh 
containment •nd 
,hroud 

....emblc,d d-.i 

4" riocr. 

y 

N 

y 

y 

y 

NIA 

:Jr::•~: u::::t 
:, .•... :.,, ..... .. :<'ii. 

N 

y 

y 

y 

N 

y 

y 

y 

N 

y 

y 

y 

y 

y 

y 

N 

y 

y 

N 

IS 

Compoolt core Auaer culna Auaer culna 
aan,pler wllbpera.alun wllb unlwrul 

eampler eamplcr 

Culna ia Auaer type A...,.r type 

advanced lnlo rotated culna rotated CMm& 
Hllcalm by •n whh wo or wilb rotuy core 

in1cnwl percuulon drill and 
blt/miur which ,ampler 10 unlverul 
• bomoaenlu-. n:trieve umple tampler lo 

lb<> con, umplco In caalna. n:trieve ,ample 

or mixed WUlo In caalna. 
n:lricved for 
an•iy,~ . 

.·.·. ·.· .. ·. 

:yy <•>•K Ct/== 
y y 

N N N 

y y y 

·iil!:li:•!
1
!!•:••::•l:•:;~ •:•:•:•:1.:!•!•1::1::i•!. 

y y 

y y y 

NIA NIA y 

••:1:•:•::1•:•:•:•:• ·· ••:~ :•11:1:••···• •1!•:1i:!::· }!) :)!:::~:;~ !!!it:::::::( y 

y y y 

y 

NIA y y 

y y y• 

NIA NIA N 

y y y 

NIA y y 

y y y 

y y y 

y y y 

y y y 

y y y 

y y y 

y y y 

y y y 

y y y 

y N N 

y y y 

y y y 

IS 2D 22 
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Mechanical pool Hand auaer 
bole cllu,or 

A..,.,r type llan:I driva1 
~. lrUck 

·-· pulla 
or tnctor rmLcri.• l 10 

fflOlallcd, 1lmilar 1urfam. C•n 

lo l.bc.e wod for bo deelp,,,d lo 

pladna """"'r lam I con, 

polco. ,ample . 

y 

N N 

y y 

1·•111:11!:
1
:••!tlt!:•11•1:r, i::::•:

1
::;:•1::1:::it!: •!

1

!!•!•
1

•!!::•!•!•!!•!:~:•:•:::::•::••l•!lil!ll· 

y y 

NIA NIA 

l!!!i!•!:!i·•i•!·il!•llii;~il:l!ll••

1

:!::•1:·•:1::•· :••·!•::=11:::•1::::i1:f :
1
::1•::1:1:11:1•1::::: 

N N 

y 

y y 

l•l!\:J•l•:11:!•l•l:t:;:•:~ :!•l:!•:•:•:.•1:::i:!1:;• 
y 

N NIA 

y y 

N N 

y y 

N N 

y N 

N y 

y y 

y y 

y y 

N N 

y y 

y y 

ll 13 
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TABLE 2 - CONTINUED 
SAMPLER CONFORMANCE MATRIX 

SOLID SAMPLERS 

SAMPLER TYPE 

DESCRIYfION 

CRITERIA 
. :::-: .. :.:: .. :::·····•········· · ::;:.:;:::-:;:"··· ;-:-·-·-:-· · <::::: ··:-.:- • :.:,-::: . . ·-· 

••. ·9~in .• ~~·~ =•~io j()~;Ji1~}~;.r/}+ •?it? 
Tho eyetcm tbaU be •blo lo Hmplo liquid, •nd tlunlea . 

SunplD tludp, eon •nd bard •altc:alm, •nd combi.natlona. 

Ccotaln a mlnbm.m or 4. 7 cul or material per cm or c,orc. 

Liquid tunplca Dllal be • I leul 100 ml In volumo. 

Tbo •y•ttm ,baU no( alter lhD chemical prop:rtice. 
, . . . , . .::-. /-:.: ·-:-:-:-:. ...... : . 

.™ ir11muhii11 ~ cs\lle hii~io the iank ~~\;{ :tiii/: 

Shall l'C<X7'/Cr ll leut 90" oft full Hmplo 90" of Ibo 1lmo. 
·--;-;.:-:-:-·- ·-:::-::.:-· 

< w~kj rite~1 ihtti mi ej{ .. ;;;.uso·c::•~ri4• ~~~~=/ 
ltmpcrohU<I i1iau ~ -.lcaii lhani so•c; '< · · • :.: := · 

Direct temperature monitorinc ,hall be provided If Ibo 
e•mplinc mcd,ani,m 1aa tho poecntlal of cxcccdinc 150"C. 

Sample• •nd uoocl1tod hard..,..., DIUIII be compati• l,ID "'Ith 
exlalina ,;.., hol c,cll r•dlltw Md equlpmmt. 

Sampler YCrtlcal pooillou Dllal be meaaur• blo "''thin I Inch. 

M .. t remain ,.,,.,ntlon• I •lier lanlt cxpoeure for 3 M>Cb ..,;th 
doec, or 2000 Rlhr and ,olutlona "'hh pll > 12. 

Tho ey1tern dcalgn •nd o,,cntlon m1at 00111i<lcr A!ARA. 
lmlvldual doeo ,i.u DOI exceed 300 mremlM>Ck. 

n., ,,..1em ,i.u be •blo to obtain l ~lo In • ffillOlllblo 

lcncth or tlmo (Ice, than 2 weeb) for• Ml lencth ,ample. 

.:;.,,.,,• uon 01 eecondu)' ,....lee elall be mlnimlzcd. 

Tbo ,ampler ,upport eyetem mutt be rcu•able, mobllo, •nd 
m• l.ntalnoblo. 

Tbo 1ye1em mutt be cap1blo of lakinc more Ima one ~lo 
from • elven rlaer. 

Tho tytlem Dllal be f•bricatod or procurc,d, ieeled, app.......l 
ror '"'°• •nd reedy for full o,,cnllClll by 411/1993. 

Compoell• RaUn1 (numb..- o( Y'I) 

l'a11/Tall - Crlllat.l Crllttla (1taacl..i bcnin) 

"Om-plea," 
con, ,ampler 

~ct clrlYen, 
opm ...,,.,1er 
tubo .. Ina c,,l,li, 
drl,..... bunmor. 

y 

N 

y 

y 

y 

N 

y 

:::?:/~:•<: ::: = 
y 

y 

N 

N 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

N 

19 

Hydraulic puoh Siuda,, dart Backhoe Hand ehaw,I or Clam ehoU 

mode ,ampler potl holo clla,.,r ehaw,I 

A eamplD tubo la Tepcred MD,pler Tnctor or lnck M--Uy Mlnlaturo 

puohod into dropped maualed openled aba,,,el, •pnnc c ...... 

wute, runna lb, wortlcslly to backhoo with potl holD clla,er clam ehoU • 
tubo with. pcnctni.. tluda,,. tC>OOp ehaw,I. or elmllar 1ool. , .. penlod f ran 

eamplo. When Sampler cnno hook. 

tube It"""""""'· retrieved by Uocd lo ,amplo 

tunplo I, cablo tether. ,ludaca In 
rclainod In end canyon 

by friction. Can f•cllilioe. 
l,c lalo:n u • 
full depth con, 

or In eepncnla . 

y N N N N 

y y y y y 

••• •>.:=:::: :.,,.. :)(= ... . .· . ..... . ... · ... : . . . •:•:• .. :- }J}/)tl?:!Yt: :i : /{/L •• ><t< 
••=••··••••=••=•{•=:·~ •••••=••r.::r•••• :f:::•::::••J:;:::ffJJ::::t:t i\l:(!:JJ;~JJ\:J::•:: ·=·=·=-:·=·=·=·=·=·=-•·••·.·,.-.•.•. ·.•·•···••···· :::.,=:=::::::::•:::: r-.. :-=-=·=·•·=·=·=·=·•·=· 
· •• , :: ::.: =•:=•••=•:=:••=•::; =:\/.:::,::·• •\::: ==·• :: .:: =•=•=• :::••:•:';: ;;:,,: I:•••:•••:•:•. ·•: :-:-:-•··.·•·•· ·•··•·...... ·:J::1:::::•:•t•:=r::::1:1•:: j ,., ... ,:::::•:tt::•,••:f :}{\ :: 

y y y y y 

y NIA NIA NIA NIA 

N N N N N 

1c:::t -=~:tn:>: y lft<:, Att>t:: y y 

N N y y N 

y y y y y 

y NIA NIA NIA NIA 

y y y y y 

y N N N N 

y y N y y 

y N N N y 

y 

y 
i•::::::::::::!:::::1:::: ~::::

1

'.:'.::::::':: ::::
1:1:jj::::;1:::::::•~•1:i!!!i!:!•,•. ::: ll!!:l:1:1:::j!i

1
!!i!l!!~!!il!i!

1
•!!il!l:!1l!il!

1
: •:1::::1:::11

1
11111::11~ 111

1
111
1
1:l!!!l!l!i:!il: 

y N N N N 

y y N y y 

y 
11::1:J!!:!.:::1::Jilil!!; 

:=::;\ ?? t= 
y y y 

~:{ () /? 
•: -:-:- :-:-:•:•:• :-:•:• 

y y y y y 

y y y y y 

y y N N y 

y y y y y 

y y y y y 

20 · 13 9 13 14 

N• If unlwonal tamplor I, UIC!d In lbeee •ppllc,,llone, • liquid eunplo could be 1aloen, ..,_...,r h I, no( a.trmJLly ldapeed lo lbeee eyek:ml. 
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TABLE 2 - CONTINUED 
SAMPLER CONFORMANCE MATRIX 

SOLID SAMPLERS 

SAMPLER TYPE Dar.er trench 

DESCRIPTION Dar.er phy,ically 

trencbloa '""""" of Hltcab,. 

CRITERIA 

n., •r-rcm ,hall bo able lo aamplo Uqulda ond 1lurrlea. N 

Sunplo aludga,, ,ol\ ond hard 11hcab, ond cumblnotlom. Y 

Contain • mlninnnt of 4. 7 arl of maierlal per cm of core. Y 

Uqwd •ornplea mu1t bo 11 lcut 100 ml In volumo. NIA 

The •r•1cm ,i.11 no1 1l1er Iha chemical propcrtice. N 
I,':=·· . ....... .. ,•.· .. ·.- -:•. 

Thi. iy.1em ihiti ~ ;;.~ ~ id iiii,:~ iiooit ~~ti;, · .. ·. ,, , .. ,.·. · i-i 

Shall recoYCr 11 lcut 90J of I full •ample 90J of the limo , 

Direct t::mjo,>rah tm monltorina 1lwll bo provided If the 

tornplin& mcchonl,m hu Iha poCenllal o( exooodins l.50"C. 

Sunplea ond uaoclolcd bard,...ro mutl bo rompatlablo with 

exlatlng alto hot n,II (oclUtlee ond equlpmcn1. 

Sunplcr venlcal poeitlon mutt bo mc&1unblo within I Inch. 

MIMI remain opcrotlonal ol\er tonk e.xpoeuro for 3 .....,b with 

clooee of 2000 Rlht ond 10JUl..lom with pll > 12. 

Tho •Y•lcm dc,,lcn ond op:rotlon ll'IIMI CXJ1111der Al.ARA. 
lndlvidml dooo 1baU nol exceed 300 mrem\.....,k. 

Tho 119tan ,hall bo oblo lo o1,u1n a .....,1o In a reaonable 
length of tlm, (lee, lhao 2 .....,b) for a full lcnslh 1amplo. 

y 

y 

NIA 

y 

N 

y 

N 

N 

Genorotloa of IOC!Olliory wuie. ,!all bo mlnlm1zcd. N 

Woklr jet CUilin& Luer CUilin& Gu Jet eu1t1na. 
with l,l'it 

lliah preauro Luer C\lltloa ol lllah pre,N""' 

..... ier Jct Uled to core. au diacharp II 
C\11 1111k1rlala. bit with obrulw 
Edt1ln& l,l'il. 
oppllcatlom can 
C\11 .5. o( ........ 

y y y 

N N N 

y y y 

·.<·.- .-:•:•.·C-.·.··.·.--,.::,::-,: ;:: ... ,. 
y 

·••:•:•:••::::•:1:

1

::!••:~:•:·•:::
1

1•:•!•••::••··i 

y 

y y y 

NIA NIA NIA 

N y N 

•· \: .·.· .· ~ \;\ ( == ,=. · =·= ·. · = N 

N N y 

y 

l?::i: •: 1u:{+> 
y 

NIA NIA NIA 

y y y 

N N y 

y y y 

y y y 

y y y 

y y y 

y y y 

y y N 

y 
,.:=:::::::::::::::::::,-:::::::::::=,-:::-:-:::::,:-:-

•l•lil:::1•!••:1•1•::•:1•;~ ::::1:••••••:1:::!i:!i•i· 

y 
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o.. jet eu11ma, Saw C\11 

wlthow l,l'it .....,1er 

IU&h preauro Cha.in oaw uoed 

au dlachario 11 to CUI blocb ol 
bit. ba,d oaltcab. 

(Pooalbly from 
mbollcann.) 

y 

N N 

y y 

y 

y y 

NIA NIA 

y 

y N 

y y 

y 

NIA N 

y y 

y N 

y y 

y N 

y 

y 

y y 

y y 

·Y 

y y 
i=::::••.=:::::::: ::::::i'.:. :::::

1
:::::l/ilili!i:ili!• ·iili•1iiiill•l

1
illill!!!;~1!!/l!iil!:lli!i:i:j1//!: 

y 

The •ampler 1upport ,y,tan mull bo reutablo, mobile, ond 
malntalnablo. 

Tho •r-tem IIMI l,o capeblo or taJdn& mote lhao 01111 •unplo 
from• slven n,,er, 

Tho 0191cm lffllll bo fobrlcalcd or procured, ie.lcd, •l'J'l"O""'li 
for we, uw:I -.ly for full opcrotloa by 4/1/1993. 

Compo,11• Ralln1 (numb« of Y'•I 

l'aH/Fall - Crlllcal Crll~la (thadNI boxn) 

y y y y y y 

N N y y y y 

y y y y y y 

y N N N y 

10 16 1$ 17 19 13 

l!'· 
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TABLE 2 -- CONTINUED 
SAMPLER CONFORMANCE MATRIX 

SOLID SAMPLERS 

SAMPLER TYPE 

DESCRIPfION 

Robolic wnplor 

Robotic o.rm 

•""" lhrough 
la,acr mer wilh 

lcacoplc, or 

foldina 
exlenli01111. 

R.emcccly auldcd 
with cl«-1-
ci~I 

Couplod with a 
moY11blo 
oamplor, 
poeolbly a 

miniatwe roury 

CRITERIA drill. 

Tho 1y11an •hall bo oblo to oomplo llquida and alurrlc,i . Y 

Sample 1ludgce, 10ft and hard 10lt011:D and canbinat101111. Y 

Contain • m1n1mum or 4. 7 mi or malcrW per cm or ..,..,_ y 

Liquid Hmpa D"MI bo 11 leut 100 ml In volume. NIA 

The 1y,1cm ,hall not 1l1cr the chemlc:al pn,pcrtiea. 

Shall = r ll leut 90" or a run oamplo 90" or tho tlm,,. 

<w~.., ~ieil~i',~ii ~ -~~~••iiiiHJCi~jtii{i~~)j 
' ~.:.i~.~ul>ii~.~ •1:5!t~dt\\::: : t,• C?•?:''. 

Dlrca lempenturo monltorina et.JI bo provldat Ir tho 
oampllna mechaniam hat tho po4.enl.lal or excccdlna 150"C. 

Sompi.. and ueoc:lolcd hardwo"' muol bo competlablo with 
exlallna 1i1o hot eell r•cilltlo. and equipmmt. 

Sampler vertlc:al poellioa nn..t bo mcuurablo within I lncb. 

M1111 remain op:ntloml aller tank expoauro ror J ,...,.,b with 

d..,.,. or 2000 R\lv and aolUll01111 with pll > 12. 

Tho 1y,lcm dc. I &n and op:ntloa mwt eom idcr AL.ARA. 
Individual dooo 1hal.l not exceed JOO mrem\,...,.,k. 

-· ~--~·-.... .. ·· •·· ···· •···· 

•::;:~d>:LT::~~~~~:~:f:!:::::;:i::::: 
Tho 1y,lcm ,hall bo oblo lo oblaln a 1amplo In a reuonable 
lonath or limo 0- than 2 ,...,.,b) ror a run lonath •ample, 

Genontlon or IIOCOftluy ......... ,lal.l bo mlnimlz.cd. 

Tho •ampler •uri,ort 1yorem lftlll bo 1eU1ablo, mobile, and 
malnlalnable. 

Tho ly•lan muol bo Cll"'blo o( bc,,i mon, than one ~i::,,;,le 
rroma Jlvcn Mr, 

:-:-.-.. ·<•::>:•.·,••:-:-.- ·.-.. .. ·. ··· - ·. · - ·-❖ .•- ·-❖ -.· .•. . -.-,· . .. ·.·• ·.··-...• •...... . -.- • ... ·· . . . .. . .. ·, , ,·.·.·.· . . · 

•:•;:~til~~1~i:£w;:~m::tCTf::: ::; ::~~~:::i::• 
Tho ly•lcm mwl bo r• brlCllcd or procumf, lcllod, opprow,d 
ror --. and ready for full opentlon by 411/1993. 

Compooll.e Rat1n1 {numb« ol Y'1) 

l'al1/Fall - Crllkal Crlt«le (•haded boua) 

N 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

N 

21 

N• Ir t.niveroal 1ompler I, wed In the,oo 1pplle1tl0111, a liquid 1ample could bo tuen, i..-...,r It i, not cunenlly ed•ptocl to tlao 1yoiea.. 
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SAMPLE Crane supported rotary drill 

:METHOD with standard bit 

CRITERIA YIN JUSTIFICATION Y/H 

The ayotcm. aball bo ablo IO oblam ~ y ·:-cdmoloa clcmamualcd. y 
aamplca lhroucb LIDll:• op riacn wilh 
diamct.en ~ 10 u,d 30 cm. 

The l)'ltcm. m,at bo ablo IO aamplo Im y T edmoioo' dcmamtnlcd. y 
cui,a dq,ch ol wu1a mu.cria1 from I!. u,p 
aumao lo wilhm a cm ol "- bottom. Thia 
ia about 11 mcccn ol dq,ch muim.m. 

The l)'ltcm. ..U 110t allct' Ibo pcyoica! y Tedmoioo' dcmamlralal. N 
prop:rti<:a ol aamplod -ima1. 
Uad.isturixd, ~ aaa,plca ..,. 

~-
The ,,.._ ahall ll0l .. ,,_ ha.rm lo "- l&ak y T cc:1mo1oa clcmamualcd. y 

floor. or ....U. Maiau.iziia& wu: inlcpity ia 
ol prime importano,o. 

Openliaa ol lhD aaa,plo 1ya1em aball 110t N Exc,o,ujw lcmpe-~ ll bit y 
.. ,,_ "- llDlc ..,..,., -rial .....,.,. .. _ to r.ao. 
ciu:a:iai 1m•c. n,., l&lllpUIIC appuaa. 
~ ahall bo lcaa lhlA 150•c. 

Expaa,.. ol pc,-!, ci~ .,....ifa or olf- , y ««oirmmc daaip for ocpncaMd drill y 

•ii&. lo buatdouo cw tmtic cbomica1a alall red ... d.M,lopod u,d dcmamlralal. 
bo~ •. 

The ayalaD ahall mialmiz.o Ibo apn:ad or y Ca:Hirmcd daaip f« ocpncaMd drill y 
,.,..,._ ol ~ or buatdouo mai&riala red .... dcwlopod u,d clcmamuacal. 

m&o Ibo cavirmm,,,a. /UDO lima abaw4 

bazaidabo-i-. 

Tbo S)'WlaD - apcnlO aafcly m Ill N Drill i.-1 lclllla IO apm '11/bm bit 11icb, y 

Cll¥U'IIIKIIOI& potaaia1ly oaawmnc cxp1oe;,.. --bua.d. ca- ad n.-1,la Ucpd.a. 

n. ayawa - ll0l ,_ cb::mic:ally or y Todmoioo' ciemr:mllnlai. y 
pcyoic:ally with llitnto, lliuilc, cauolio or 

orpzw: , • oala. 

All oamplia& i.w-ro - bo n:tricvablo y T~ ciemr:mllnlai. y 

6am Ibo lmk a&,, c:az,plniaa ol ~ 
ldivilioia. 

PASS/FAIL Fail ~ .. I ow an4 ~ bou.ld. Fail 
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TABLE 3 
SOLID SAMPLERS - MANDATORY CRITERIA 

PASS/FAIL JUSTIFICATION 

Tripod mounted rotary Truck mounted rotary drill Truck mounted rotary drill 
sampler with standard bit with modified bit and 

universal sampler 

JUSTIFlCA TION YIN JUSTIFICATION YIN JUSTIFICATION 

T c:ctmo1ocY clcmam1nlcd. y T cdmoloC)' clcmcm1nlcd. y Tcdn:,loCY dcmamtnlcd. 

T c:ctmo1ocY clcmam1nlcd. y T cdmoloa dcmcnitnlcd. y T cclmoloC)' clcmamtnlcd. 

Samplo mwD& u,d IICCIOlldary ......... y Tcdmoloa dcmonstnlcd. y TccimoloCY demoaatnlcd. 

T cdmoloCY dcmanstralcd. y T cdmoloa clcmonstralcd. y Tccmoloa dcmomu-alcd. 

T cdmoloa clcmamuacai. N Exauoiw tempenlllrc ccm:ncal al bit y Tatiac 11,o,o,. 1anpen111rc cu bo 

faa:. -.ia&aimd u loac u purci, pa now i: 
-.ia&aimd al • minimum. 

C:rcainnenl doaip for ocpncaMd drill y C0111inrn-n1 dcaip (or acpn=l<d drill y C-aizmcrf daip for oclJll"llllld drill 
red .... clc,,clopod u,d dcmamuacal. red ua d,;,,clopad ud clcmam1ncal. rod .... d,;,,clopod u,d clcmcmtncal. 

C:rca innenl deaip (or aepncaMd drill y C:rcainrn-n1 daip for ocpncmcd drill y C-aimnmc doaip (or oclJIIClllal drill 
red .... clc,,clop,d u,d claaaaouuod.. red .... clc,,clopad u,d clcmam1nl0d. rod - d,;,,clop,d u,d clcmcmtncal. 

Tcdmoloa~ y T ccimoloCY clcmcmtnlcd. y TccimaiocY clcmamtntcd. 

T c:ctmo1ocY clcmaallnlcd. y TcdmoloCY clcmcmtncal. y T ccmoloa ~ -

Tc:ctmoioo' ~ y T cdmolocY dcmamlncal. y Tcdmcloa clcmamtnlcd. 

Sompla mwn& u,d ........,,. - Fail e.x-;.. iamp,:nnae. Pua Putpcr{- ... domaaau.od 

1 ca:p11bility. 

Truck mounted rotary dri.11 
with diamond bit 

YIN JUSTIFICATION 

N Wtll ll0l CUl baid aaltcalm. 

N Wtll ll0l CUl bard aaltcalm. 

y TcclmoloC)' dcmcmtnlcd cxacpt for ba.rd 
aallcalao. 

y By bit dcaicn-

y By admmlatntiw 01J111JU via op:n&m& 
procorhae. 

y Omcaimnmc deaip for oclJIIClllal drill 

red UD dewlopad u,d dcmcatuacai. 

y Omc•izmcrf deaip for aepm:ar,:,d drill 

red - dr:,,elopad u:d di:maaoual,od. 

y T cc1maiocY clcmcmtntcd. 

y Tcc:lmoloo dan<x.tntcd. 

y Tcdmolovdm,m,atnled. 

Fail Unal,J. to am,plD bud aa11,cala. 



SAMPLE Vibration assisted rotary drill 

l\1ETHOD with universal sampler 

CRITERIA YIN Jtr.rrJnCATION YH 

The lytlaD •hall bs •be IO obwn n:q,wod y Tcc:moioa ~ wbca 1-1 with 'Y 
•ampb throup tank-ecp risen with uiatin& cquip,,cal. 
diamclcn ~ 10 aid :JO cm. 

The lytlaD mu•t be •bll, IO •aa,pll, lbs y T cc:moioa dom<x.tnlad wbca 1-1 with y 

clllins dep.b oC - •IA matuial (ram lbs top w • lin& cquipa,,:a&. 
1urfaao 10 within 8 an oC Ibo bouam. Thia 
ia abau& 11 mcc.:n ol dep.b a.xima 

n. 1yt1em •ball DOt al1,cr Ibo phyaical y T cdnolos;y dcmamualad wbca 1-1 wilh N 
prop,:rtiu ol Mmpla:I -1,crW. w • lin& cquipnme 
Uudltcurlal, ~tiw •aa,pb ...., 

~-
The lytlem •ball D0t c:awe ha.rm IO lbs tank y T cclmolocY domaa•1nlad wbca 1-1 wilh N 
noon or wail. Maimainm& tan.le ial.c:pity ia w • lin& c.quipn:al. 
ol prime imporw,cc. 

Opontiaa ol lhD umpll, ay•laD •ball aot y By •dminialnliw COIIUOl via opcntin& N 

cuao Ibo tan.le - ma&eria1 taz,p,r• lllno 10 prooodwa. 
cxcacd 1ao·c. Tbs oaa,plinc appantlll 

taz,p,niuns •ball bs i... tblD 1.so·c. 

Expaa,.. ol ~ ~ cn-eita or olf- y Cn1imrrd ,\,:aip for •cpmaod drill y 

1ito, IO bazatdaua or IOUf: c:b::micala •ball rod ..... ~ aid~-
be prcw,al,Dd. 

Tb, ey•laD •ball miDimws lhD •pr,,:ai or y Cn,innmc -lcaip for •cpmaod drill y 

rccuo ol radioec:tiw or bu.udaa -ieri• la rod ... ~ •at daaamtnlad. 
ao lhD c:aviranmcaL. Al no limo abaul4 

b•z• rda bs cxa:aiw. 

n. l)'9lall - .- •dcJy in •II y Tcc:moioa ~ wbca 1-1 with y 
caviramnail .,_..;•1ly - • inm& c:xploeiw aiatiDc oq,riprnnc 
s- ud fl•mm•bll, ll,quida. 

Tm ey• laD - DCl - c:bomic• lly or y Tocmoloa domaa•lnll•i lllb:G 1-1 wilh y 

phyaic• lly wi&h Di1r• la. aiuito, c:•u•«io or caiatin& cqriprnnc 
orpme ,, ala 

All aaz::plin& .budw•a mat I:& ~ble y TcdnolocY domaa• tnl.Cld wbca 1-1 wilh y 

uma lhD lank ~ oaa:,pli:tlaa ol •• mplina aiatiD& ccpriprnnc 
MXivi&im. 

PASS/FAIL Pue s.q. IIIWII&- Fail 
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TABLE 3- CONTINUED 
SOLID SAMPLERS - MANDATORY CRITERIA 

PASS/FAIL JUSTIFICATION 

Rotary cut and chip Reverse circulation 

JUSTinCATION YIN JUSTJflCATION YIN 

Byd...ip~. ti Only functi.-1 for d,y •al&cam. y 

Byd...ip~. y Bydc.ip1~. y 

Samp• mixinc- N Sample mixinc- N 

May pca:ua1,c tank floor. y By adminiatnuiw C0DltOI via opcntinc N 
prooodwe. 

Hip (rictiaa.. y By adminis1ntiw canuo1 via openlin& N 
prooodwe. 

Cmc•il!IIWZII dcaip for •cp,oaad drill y CmUillllWZII <lcaip for tcp,oaad drill y 

rad ... c1,,wi..i- aid dcmaa•lnlad. rad an: cl,c,,clopcd aid dcmao•tnl.Cld. 

Cmc•illllWZII dcaip for •cp,oaad drill y C01111ionrnc <lc•ip for •cp,oaad drill y 

rad ... dr:welapod aid do:mmatnl.Cld. rod ... c1,c,,ci..i- •ai dcmomu• lod. 

Noip,.illaa-. y Bydeaip~ y 

Byd...ip~. y Bydeaip~. y 

Byd...ip~. y Bydeaip~. y 

Mlll&ipla f• ilum•• Foil Dry •• ltcaa oaly ud 1•111ple mixm&- Fail 

Chum drill 

JUSTJflCATION 

Bydcaip1~. ' 

By dcaip,.. 

Core distutbod by impact o( drillinc. 

Sample mw111 lilo:ly. 

Moy d.umcc tank floor. 

Hip frictiOD. 

C-1imw:ac dcaip for •cpm,l<d drill 
rad ans cl,c,,clopcd aid dcmao•1nl<d. 

Cca•imnmc deaip for •cp,oaad drill 
rad ans dc,,,olopcd aid dcmao•tnl.Cld. 

No ip,ilim __,,_ 

Bydeaip1~. 

By dcaip iequi=m:au. 

M ixiDc. frictioD aid lank c1m,•., . 

Hand operated ward drill 

YIN JUnJnCATION 

y Bydcaip1~ 

N Weicht ol tbs lool would bo c:xacuiw 
for mama! aperatim. 

N Sample mixin& lilo:ly. 

y By •dmiaiatntiw 00IJU'Ol via aper•lin& 
prooodu,a. 

y Low frictiOD. 

N Cmc•irmnic d..ip for •cpncaod drill 
rod ... dc,,,olap,d •ai~. 

N Cmc•irmnic dcaip for •cpncaod drill 
rod ... dc,,,olap,d •ai dc:maa•uuod. 

y Noip,ilim-...:c. 

y Bydcaip~. 

y Bydcaip~. 

Fail Sample mixiac md ~ ~ 

-1 
I 

I 
I 
I 

II 

I 
I 
I 
I 
I 
I 
I 
I 



SAMPLE Reciprocal (washing machine) 

:METHOD drill 

CRITERIA YIN JUSTIFICATION Y/"l. 

TbD l)"llem oba.11 be ablo IO ol,taia n,quin,d y By cbip ~ y 
oamplco lhrolp lank~ riaen wilh 
diamoicn ~ 10 aa:i 30 an. 

TbD l)"llall - be ablo IO umplc tbs y Bydcoip~ y 

-.ins dq,lh o( wuto aaicrial fram Ibo tap 

lumM:e IO wilhin 8 cm o/ UID boumn. Thia 
ia abcu 11 m:len o( dq,lh maxi1111m, 

lb,: l)"llem 1ball D0l alter Ibo pbyaical N Samplo mixmc- N 
prcpcrtic8 o( aamplcd maicrial. 

Ua:!ianubcd, ~liw oamplco .,.. 

n:quin,d. 

lb,: l)"llem 1ball D0l ca,- batm IO Ibo tank y By adminisuatiwi coauol via opcntin& N 
l1oon or ....U. Mainlaiain& lank int.c&ricy ia proaoc1 ...... 
o( primo impon.u,a:. 

Opcralicm o( tho oampio, l)"llall lball D0l u- No pn,tocypo availablos (or ICIUII&• y 
c:aaMe lb, taak WUIA ma&crial lazlp:nGIIIS IO 

=aeed 1ao·c. TbD aamplin& ,ppancua 
lallpcnO,Ua 1ball be t..a lhu 150"C. 

Expaowe o( p:nGIIIII01, cilbor <XHilA or off'- y Caalaim>cm cbip for aepllOlllad drill y 

1ita, 10 bo.unicaa « tmic chcmicaJ& 1ball rad ... dc,clcpod aa:i dcmaaoiratod. 

be~. 

lb,: ,ryatan oba.11 miaimiz.e Ibo 1p,ad or y Ow,cai_,,,,. dceip for ICpDCIIIOCi drill y ~i..•• ol ndimcci,,,,a or bu.a&dou• aaacriall rad ... dc,clopd ad dc:mmlltntod. 

m&o tho awiraamcal. Al DO tim, abauld 

b•zanl• be cxo:uiw. 

TbD ay• lall ID.Ill opcralO a•li,ly Dl Ul y No ipi&laa aourm. y 

mvi.- polallia1ly oam•imac czplo•iw 
ca- a,d a•am.blo, 11,pda. 

TbD ay•4em - nat rcac:t chcmically or y Dyclcaip~. y 

phyaically with Ditrato. nitrite, ca&llcic or 
orpaic, , ma. 

All aamplin& haidwans 1111111 be n:tricvablo y Bydcaip~. y 

6cm tho 1•a1c a&r camplrdca ol aamplin& 

~-
PASS/FAIL Fail Saa,paammc- F•il 

J•-
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TABLE 3 - CONTINUED 
SOLID SAMPLERS - MANDATORY CRITERIA 

PASS/FAIL JUSTIFICATION 

Rotated casing drill Raise drill Percussion drill with separator 

JUSTIFICATION YIN JUSTIFlCATION Y/N JUSTIFlCATION 

Bydcaipn:,qui,az,cal. N Bottam Cllll)' lhrau&h lank floor. N Oaly flmctiaaa.l for dry oaltauz. 

By dcaip ,cquirt::mcal. y By deli p n,quircmcma. y Bydooicn~-

Samplo, DIWII&· N Sampl,o DIWII&· N Samplo, DIWII&· 

Caaia& may dama~ floor. N Viola1e1 lank ax,fmcmcm. N May pcactnto lank floor. 

By admmiatnliw coauol via opcntinc N Hip •i-d. hip fricuca. y By admiaisinliw ClCXllrOI via operatinc 

procc,duro. promdun,. 

C<Ylla inm:nc ,\,,oip for 1epDCIIIOCI drill N No ~locY for oampio, tnmfcra. No y Cmoinmmc dcoip for 1elJIIOlll,Dd drill 
rad ... dcwlopcd and dcmamlralai. C01CIIJYIX"l"f rad .... dcwlopcd and ~--

Cml•innml ,\,,ojp for ICpDCIIIOCi drill N No lcdmolofY for oamplo, tnmfcn. No y C-•imnca& cbip (or 1epn::lll,Cd drill 
rod ... dcwlopcd ad dcmamlralai. CO'IC•inmml. rad .... dcwlop,d and ~tod. 

Noipii&lm-. y Noipitioaaourac. y By dcaip n,quirc:m,:,a. 

By dcaip ,cquirt::mcal. y By dcoip rc,qui,cm:al. y Bydcaip~. 

Bydcaip~ y Byc!uip~ y Bydaip~. 

s.a,p. IIIWII& and laalt clamap. Fail V-tolatoa taalc coalmcm,::m, aamplo, Fail Dry aallalb, ooly, MIil!' .. IDWII& u:d 

IIIWDlo (.ricum u:,d DO CO'ICI • lalllt cl•mao=-

Cable tool 

YIN JUSTIFlCATION 

y Bydcoip~. 

y Capablo ol OIIDUDUOUI corinc-

N lmpac:1a from drivin& core may diolurt, 

core. 

N Hamm:, driw:a, may clansF floor. 

y I.ow friai<,a. 

y Cn•inm:nc daip for 1epllCIIW>d drill 
rad .... dcwlop,d and &:mx.uatod. 

y C<YIC• innm« dcaip for ICpllCIIWld drill 
rad .... dcwlop,d and clemamuslad. 

N Mecboaica1 penuoa o( ,pub. 

y Bydmip~. 

y Bydaip~. 

F•il Sampio, mixiac. l•alt clansp, u,d opuk 
sa,,:ntica. 



"°' ~ r--C 

:::r"' 
Ln 
~ 
N"') --! 
~ 

I 

SAMPLE 
l\ffiTIIOD 

CRITERIA· 

TI,,, ayataD ala.ll ba ablis 10 obwn n:.quircd 
samplea lhrou&b lalllt-<op rilcn -..ilb 
dlamctcn ~ 10 and 30 cm. 

'Iba ayataD muat ba ablis IO aamplD tb:: 

cuins dcpt.b. o1- maicrial from Ibo top 

1urf- 10 -..ilhizl 8 cm o{ lb, batlOm. Thia 
ia about 11 m:l&n o( dq,<b mwmam,. 

n. ayataD ala.ll DCJl alsu lb, pi,ylical 

pn,pcrti<:e ol umpl<d a.11erial. 

Uadiarurbod. ~liw samplcl an: 
n,quircd. 

1bc ayatcm aha11 DCJl c:aa.a bann 10 tb:: laDlt 
floon or -11. Maiaf.aiainc laDlt im<:pity ia 
oC pnmD imp,ort.uxm. 

~ ol lb, umpla lyalall aha11 DCJl 

.,.._ Im laDlt -la -c.crial ICmpCnlWe IO 

cxoocd l llO"C. 'Iba aamplin& appatalUI 

tcmpcn111r9 aha11 ba i... than 150"C. 

Ezpo,w,. al porac,m,cl, cilbl:r DIHdill or oil-
aile, lo buanlouo « umc chcmicaJa aha11 
ba~ 

TI,,, ayaian aha11 miaimiza lb, 1p,ad or 
mlouo o{ radloacliv,s IX ba&anlouo -c.criala 
m&o Im~ Al DO limD abould 
bazuda bo a.a::uiw. 

'Jba 8)'9lall - op:rua auc!y m Ill 

~ paca,&ial!y caa&amin& czploai'WI 

c- - llummbls ~ -

'Iba a,..- - DIX - cbaaically or 
payaio:ally with mini&, Dil.rila, ca&IIUC « 
orpmc , ala. 

All aampliac ~""""'be~-
Cram Im 1811k ~ 0011\'lc,lim al aaa,plin& 
aaivitim. 

PASS/FAIL 

Vibratory drill 

YIN JUSTIFICATION 

N Poor pcactnlim of bani aalleab: obecrwd 

ill~tinc-

N Poor pcactnlim ol bani aallcue. 

N Diawrt. oora. 

y By adminillt'au- oam,ol via opcratinc 

prcadu,c. 

y By ldamiiatnu- CODI.IOI via operatinc 

prcad11111. 

y Cmuinrmnc dcaipa Cor acpn,:alad drill 
red ... dewlop,d and danamltalcd. 

y Cnai_.... daipa (or acpn,:alad drill 
red ... dewk,p:d and domm.ltalcd. 

y NoipitiCD..,...._ 

y Bydcaip~. 

y Bydc:aipa:,quircm,:al. 

I Fail I Unabla lo aamplio bud ........ mil"""' I clil&urbad. 
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TABLE 3 - CONTINUED 
SOLID SAMPLERS - MANDATORY CRITERIA 

PASS/FAIL JUSTIFICATION 

Down hole hammer drill Pnewnatic impact drill (Jack 
Hammer) 

YIN JUSTIFICATION YIN JUSTIFICATION YIN 

'( By dcaip rc,quin,:moa. y Bydcaip~. y 

y Bydcaiproquin:mcu. y Bydcaip~. y 

N Samplo mixinc- N Sample mixin& dunnc ICCJDCl'W N 

aamplin&. 

1· May cl.ama~ tloor. ti Could pcncuaic tank floot. y 

~ Hip Cric:tioa. y Low fricticn. y 

"j By admiutntiw oaruol via opcntinc N No ledmoloo IO baadlD full oora sample. y 

~ No cx:nw 1inrncr,1 

'Y By admiaialtaliw oaruol via op,:ratinc N No ledmoloa 10 bamlo full oora aample. y 

~ No o,r,Ceirmrne 

y NoipiuCD---. N Mec:baaical spark p:a:nlicn. y 

y By dcaip rcqui,ancz,l. y Bydcaip~. y 

y By dcaip rcquircm:u. y Bydcaip~ y 

Fail s-p. mixias. lalllt dama.p and bi&h Fail Sample mwnc, DO ocm&airm:zl& and apark Fail 
fri<tica. p:a:nlicn. 

7 

I 

Surface auger Composite core sampler 

JUSTIFICATION YIN JUSTIFICATION 

Bydcaip. N SamplD mixina-

A • C101JUm10UO • aamplD cao bo ailwD:d by N SamplD mixinc. 
n:poaled imenicn of tb:: aampler illlo the 

l&mD locaticn. 

Cons is brob:a and miX<d by tb:: oamplct. N Sample mixinc-

T cc!moloa dcmam1taled. y By adminiltraliw oaauoi via opctMm& 
proc,,:,dun,. 

Tcc!moloCY ~1taled. Low frictioa, y By adminiltntiw oaauoi via opcratinc 

low beat p:a:ntioa. proc,,:,dun,. 

T cc!mo1oo- deman.1taled. y By ldmiaialtaliw oaauoi via opctMm& 
(N,. omc•iamcN) ~-

T cc!mo1oo- clemcmtralod.. y By ldmiaia1taliw ocnuo1 via opctMm& 
(Nn omcainm:al ) proc:,:,dwe. 

T cc!mo1oo- deman.1tatal. y NoipiucnlOUl'CIS. 

Tcc!moloa clemcmtratal. y Byclcaip~ 

T cc!mo1oo- clemcmtraled. y Bydmip~ 

c- prcMdo IDilaturboi .,.,. 11&111ptc.. Fail Samplo mwac. 



SAMPLE Auger casing with percussion 

:METHOD sampler 
. 

CRITERIA YIN JUSTIFICATION 

1bo 1yatem lhail 1111 able lo obwn ~ y By dcaiir;a ,equin:mc,,u. 
aamplca UIIOUCA tanlc-lOp Ned with 
diamclcn ~ 10 and 30 an. 

1bo 1yatem llll.lll be abla to aampla Ibo y By dcaiir;a ,equin:mc,,u. 

cuini dq,th of - maccrial fn,m lhc IOp 

,urf..., to withiA 8 cm o{ Ibo botlom. 1bia 
ia .ix.. 11 m:ccn o( dq,lh muia:111111 

1bo 1yaw:m ahall uat alw lhc pbyaic:al N Sampla IIIWII&-
propeni<:. of aamplcd ma1erial. 

lhdianubad, rcprcacr,1atiws aamplca ans 

n:quirad. 

1bo 1yawa 1ball uat ca..e barm to Ibo l.ank N Cuia& may damlp, lloor. 
floora or wall. Maia&aiainc lank imc&ricy ia 
o( prima impc,rtaaa>. 

Opcratiaa of Im umpla 1yatem lhail Dal y By .tmiaiatn&M oaauol via opcntia& 
.,.... ti» taak - 111111,erial lallp:ncw.t to proor,dwa. 

~ 1ao·c. 1bo umplia& apparalUI 

lallp:ralWII lhail 1111 1cM lball I .SO"C. 

Expc,.ura of pcncaml. eilhcr OIHUO or off• y Cmf•i- .laip,1 (or acpnmrad drill 
1ite, 10 bezaadoue or lmlc cbaaicala 1ball rad ... cb,olopad and ~ 

1111~-

1bo ayaw:m ahall miaimiza ti» 1pn:ad or y Com•i- .laip,1 for acpnmrad drill 
n:lcuo ol n,dl.,.cu,e or bezatdoue ~ rad &I'll cb,olopad and dcmcmcral,ad. 

im&o ti» CIIVU'CIIIIDCDI. Al aa u.... abauld 

beza.rda be c:xcaaiw. 

1bo .,.._ - cpor• le eefdy iA 8ll y No ipiitiaa ---. 
~ poar.ially camaiaia& aplo•iw 

pace em flemmablo ~ -

n. 11)'8lall - nat - c:b:micelly or 
y 

Bydmip, .... •-• 
pbyaically with DitratA, Diuuc. CWllic or 

orpaic "'4 al• 

All aampliaa ~ !DIil 1111 ~ y Bydmip......,._. 

f'.rcm II» taak &A. oamplctiaa ol NlllpUII& 

lldmta.. 

PASS/FAIL Fail s.mpi. mmac eat 1ea1t c1emapo. 
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TABLE 3 - CONTINUED 
SOLID SAMPLERS - MANDATORY CRITERIA 

PASS/FAIL JUSTIFICATION 

~uger casing with universal Mechanical post hole digger 
sampler 

Y,N JUSTIFICATION Y/N JUSTIFICATION YIN 

' Bydcaiir;a~- y Bydcaiir;a~. N 

y Todmolol)' clcmcmuaiai. N Wm' I aca:u eoaitc ..,...., dq,ch. N 

y Todmoloa clcmcmualai. N Sample mixin&, N 

N Cuia& may damap, floor. N May p:nctt&IC l.ank floor. y 

y By admiailua&iw oaauol via opcntinc N Hieb (rictica. y 
praa:,du,s. 

y Cmf•i- deaip,1 for aca;a,,::aw,d drill N No ~ cb,olop:d Cot aamplc N 

rad &I'll dowlop,d and dm,aatralai. lnDlfcra. No o:n1imrnc 

y Cmf•innmc deaicJ,I for aca;a,,::aw,d drill N No ICdmolol)' cb,olopcd for umplc N 

rad &I'll cb,olop,d and dom:x.lralad. 1nmfcn. No o:n,irwn:nc . 

y Noipilim-. y No ip,itiaa IOUtOC. y 

y Bydmip~. y By dcaiir;a rcquin:mcau. y 

y By dcaip ..,quia:mr:#'Jle, y By dcaiir;a fflqUirancaU. y 

Fail Teatdemapo. Fail Multiplo faihm. Fail 

Hand auger "One-piece" core sampler 

JUSTIFICATION YIN JUSTIFICATION 

Can'I aca:u l.ank WUIC. y Bydcaiir;arcqui,cmcal. 

Can'I &ca:u l.ank WUIC. y Bydcaica-

Sample IDWII&- N Sample mwnc-

lmuffic:iical IDDIM> Coro:. N Hunmer dri- aay p::acuato floor. 

Low frictioa. y Low friction. 

lmolcn.blo CXJIOI""'• y C-1 innc:ac dcaip for acpm,ai,:,d drill 

rad ... dcw:1op,d and dc:maaecnlOd. 

llllolcrablc CXJIOI""'• y C-•innc:ac dcaip for •pm,ai,:,d drill 
rad ... dcw:lopod aad ~ 

No ip,ilioa "°"""'· y No ipiitiOD --. 

Bydcaip~. y Bydcaiir;a~. 

By dcaip n:,qui,cmca.l. y Byclcaiir;a~. 

Mukiplc faiba. Fail Samplc tDWII& aad l.ank dealql. 



• :::r-
t:..n 

I 

SAMPLE 
:METHOD 

CRITERIA 

Tbc ayalelll dal1 be ab• IO obtain n,quin,d 

aamplu tbrauch taalt-<op riacn wilh 

diamcu,n boc-.ca 10 am 30 an. 

Tb,: tyalelll 1111111 be able IO aamp• tbs 

-..ua dcpeh o( wuc.o am1.erial Cran tbs lap 

aumas to within 8 cm oC tbs bauam. Thia 
ia abcu 11 ~n ol dcpeh a:aximam 

Tbc ayalelll alall nat &lier tbs pl,yaical 
prapcrtlca oC aamplad amc.orial. 

Umiaturbed. r,:p,aa,1&u- aampiu ..., 

rcquin:,d. 

Tb: ayalelll alall D0l .,.._ bann IO tbs tank 

noon or wall. Ma.ialainin& tank imc¢1y ia . 
o( prime imporu.z,CID. 

Op:ntioa oC tbs aamp. ayalelll ah&ll nat 

- tbs tank WUC.0 amc.orial lallp=rslllns IO 

cxCIIOIOd 1m·c. ThD aamplm& appuaa. 
lallp=nWta ahaU bo 1caa 11:ml l.50"C. 

Espe. .... oC pcnaaa,:I. either ODotic.o or off• 
Ii"", 10 b•zaidoua or IOUC cb:micala dai1 
bopm-..d. 

Tho ayatcm ah&ll minimiza tbs ap,ad or 

mcuo o( r•diaecaiw or b•zaldoul ~ 

imotbscaviraamaa&. Alaotia»obould 
b•zania bo cxocunoo. 

n. tyatcm - op,ralA aafcly in ... 
CllWllllllDml polalliaUy oaau.iaia& cxp1ao;,.., 

s•- •ad llamma.blo liquida. 

n. aya-,.... nat - chomicdJy or 
payaically wish Diuafe. aiui"", cauatic or 

orpnic "4 mda. 

All aampim& bardw'Ua mutt bo l'CU>OY'lhle 

&an Ibo laai: •&c caz,plctioa o( aaa,plizi& 
ecmitio:a. 

PASS/FAIL 

Hydraulic push mode 

YIN JUSfIFlCATION 

N I Can't pa,ocnk1 IDllll bani aaltcaloca. 

N Can't p::aous&e IDllll bani aalt cab:a. 

N Samplll mixinc durizi& acpn=w 

aamplm&. 

N Could damap, tank flooc-. 

y Loo, Crictioa. 

y ("-• inrmmc draip for acp,,:aad drill 
rod ... ~~ aai dcmamtnlad. 

y r-• inrmmc draip for acsm,:aad drill 
rod .... ~~ aai dcmamtnlad. 

y Noipullaa_.._. 

y By draip. ,e,quirca,i,a. 

y By draip. rcquin::mm.. 

I F•il I Umbl,o to aamplD bani aallc:aJa, aaa,p• I mixiA& aai lmk ..... 
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TABLE 3 - CONTINUED 
SOLID SAl\fPLERS - MANDATORY CRITERIA 

PASS/FAIL JUSTIFICATION 

Sludge dart sampler Backhoe Hand shovel or post hole 
digger 

Y/rf JUSTIFlCATION YIN JUSTIFlCATION YIN JUSTIFlCATION 

N Nat able IO pnMdc a •caau.auauo• DCD- N Caiil - tank WUI.C. N C111'1 .__ WUI.C. 

mwd aampla. l..imiled IO aurfaa: 

aampim&. 

N Nat ablll IO provm a • C0ali.auaul • DCD- N C111'1 aoocaa tank wutc. N c...·, ...,.,....,....1.e. 

mwd aample. Limiled 10 awfaas 

aamplin&-

N Nat able IO provm a • C0ali.auaul" DCD- N C...'t 100CM waste. N Sampla IIIWD&· 
mwd aample. l..imiled 10 awfam 

aamplinc. 

y Thia dcvias CUl ooiy pcnc(BC.O lhc finl 3 • N Could p=,,:uac.o tank wall., damap, roof. y lmuffic:ictll motiw foroc. 

4 ~ oC aaltc:abo. 

y No b:at cica:ntiaa acuraa. y Law frictioa. y Loo, friction. 

N No ladmoloa for aample tnmfcn. No N No cxm1,im:ncm. N lmolanbla cxpoaura. 

cxmui 

N No ~ for aamp• tnmfion. N Mo C'AJC1iamr:nc N lmolllra.blllcxpoaun,. 

No ocac•i 

y No ipzitioa IOlll'CIII. N Mocbaaical ap•.rk p:n,:ntian. y No ip,itioa IIOUrOII. 

y By draip. n,quin:moz,u. y Bydraip.~. y By d..ip. rcquircmm.a. 

y Bydmip.~. y By dcaip rc:qu.itr:mcal. y BydailJl~. 

F•il I Will nat aamplll CC1WD - dqxh, I F•il I C-'t - tank-· I F•il I Muhiplo f.UU.... 

aaa,pi,,111WD&.......,.· 

.• 

Clam shell shovel 

Y/N JUSTIF1CATION 

N Wm't aampla laid aalt.calm. 

N Surfaoo aamplca only. 

N Samplo mixinc-

y Bycbip. 

y Very low frictim. 

N Hip cxpc,tW9. No ,,......;.._,. 

N No o:weirnsn 

y NoipiitioallOUrOII. 

y Byd..ip.~. 

y Byd..ip.~. 

I F•il I MuWplo talha.. I 



SAMPLE Dozer trench 

l\IBTHOD 

CRITERIA YIN JUSTIF1CA TION Yl"f, 

Tb, 1)'91.cm a.bail bo ab• lo obtain n,,qwn,d N I Can't ac:ccaa Lllllc 'WUICI. y 

aamplca l.broucb Lllllc-top rixn with 
diam:i.:n ~ 10 am JO cm. 

11m ty9tan 111111& bo ab• IO aampla Ibo N Surfam aamplice oaly. y 
aaitc ci,,pch o( ,.,...., maleria1 from Ibo lop 

aud- 10 wilhin I cm ol tbs bm1a21. Thia 
•ia about 11 .-.:n of depth maxizmm 

TI» t)'9tan aba.1.1 D0l alt.er lb: pbyaical N Samp• mwnc- N 

propcrtica o( aamplad mat.erial. 
Ua:llacurbi:d. ,q,rcaa,aalM> aampica am 

requin,d. 

11m 1}91.cm alall D0l ca&ae harm IO Ibo wilt N POl<:rllia! Lllllc damo~. N 

floon or -U. Maialaiainc I.an.It imcpity ia 
o!prima~. 

Opcntiaa ol Ibo ump• 1)'91.cm a.ball DC( y Low {ria.iaa.. y 
cawo lho Wik ,.,...., -rial i.:mpcrarun, IO 

=CD:d 1ao·c. n., aamplill& apparaaa 
i.:mpcnau. alall 1io 1c.u lh&ll 1,o•c. 

Expaaaaa ol ~ c~ 01Hi1C « olf. N llllolcnblacxpmu,o. y 

tiU:. 10 baz.a.nba « lauc cbcmicala aba.1.1 

bo~ 

11m IJ91Cm a.ball minimize Ibo •pca<i « N llllolc,.bla c,q,c>IUN. y 
td<:uo of ~ « baza,daua ~ 

inlo UID awinmmcal. Al DO limo abcwd 

1:-.zuda bo acmai"". 

TI,a 1)'9- 111111& operalll auoly Dl All N Mec:maica1 ,park .,.._nuaa. y 

caviroaa,cm palallially caaiaininc cxploohe 
ca- and n.-bla liquida. 

n-.,........ 111111& Dal - cbcmically air y Bydcaip~. y 

pbyaic:ally with ailnlc, Diuit.e. c:auatic « 
orpni,c •• ala. 

All Mltlplinc ~ mat bo n:ui,,vabla y Bydcaip~. y 

&an lhD IAllk a&,r ocmp!rcim oi aamplmc 

acdvilica. 

PASS/FAIL Fail Mullipa &..ilwa. Fail 

WHC-SO. WM-ES-20S 

REVO 
PAGE 3S OF 43 

TABLE 3 - CONTINUED 
SOLID SAMPLERS - MANDATORY CRITERIA 

PASS/FAIL JUSTIFICATION 

Water jet cutting Laser cutting Gas jet cutting, with grit 

JUSTIF1CA TION YIN JUSTIF1CATION YIN JUSTIF1CATION 

By<bip~. y By dcaip ""'!WraDCIIL y Bydcaip,rcquirc:mcal. 

By <bip rcqui.r,:mcz,la. N Nm able 10 aca:.aa catin, ,r,ut.e dcpch. y By dcaip, rcqui,ancm. 

5amp1a mwnc. Sceaada,y ......... N Sample mwni- N Crou camaminatiaa.. 

Hip ix-aure _..,r cauJd aa W>k -u., N C:iuid CUl w,k floor, walls. N Could CUl W>k floor, ..,.u.. 
lloor. 

No !ric&.iaa.. N Very bir.h t.empcnNR>. y By adminiatntiw 001111JOI via opcn1inc 

proa::dun:. 

By admiaiau-atiw c:oauol via apcntia& y By odmmiau-atiw canltOI via opcratinc y By adminiau-atiw c:oauol via opcntiz,c 

proc,odu,,o. procalwe. proa::dun:. 

By admiaiau-atiw coauol via apcratinc y By admmisu-a!M> ainuoi via opc,.tinc y By adminisuali"" c:oauol via opcntinc 

proc,odu,,o. procalwe. proa::dun:.. 

Noipuli_..,......_ N Hip lallpOtalW'O. y No ipzitim acurao. 

By dcaip rcqui.r,:mcz,la. y By dcaip, rcquircmcua. N Cra11 co,tammtriaa.. 

By dcaip n,qu:ircm,:aa. y By dcaip, rcqui,,:moala. y Bycbip,~. 

~ mwnc - ocoaadary --
Fail Mullipls w1 ..... Fail c .... -.IMO, ~uaa u,d w,Jc dama ... 

Gas jet cutting, without grit 

YIN JUSTIFICATION 

y Bydcaip,~. 

y Bydcaipro,quircmr:al. 

N Crou CCllll.lmiaatiaa.. 

N Could aa W>k floor, -U.. 

y By odmmiatntiw -... via opcntinc 

procalure. 

y By admiaiac.nti... -... via opentia& 
proooduna. 

y By adminialn&i,,,e -... via opcntiz,c 

proa::dun:.. 

y No ipiiliaa __..._ 

N Crau ocmceminecioa. 

y Bycbip~. 

Fail c ..... aaal-iao•im aai lalllt ....... 



SAMPLE Saw cut sampler 

:METHOD 

CRITERIA YIN JUSTIFlCATION 

TI» ryatan al,all be able to oblain ~ N Summ --.,le oaly, bud ullcala:i oaly. 

umplca lhroucb I.Ulk-top riaers wilh 
d~rs """'-a 10 and 30 cm. 

_, . 
n.. ryatan - bD able to Mmple lbs N Surfaa, --.,le oaly, bard ullcala:i oaly. 

cuira dq,th o/ WUIO material from lbs IOp 

1urfaco 10 wilbin 8 cm o( lbs bactom. Thia 
ia atx.. 11 -.. oC depth maximum. 

TI» ryatan al,all aat alter lbs pbyaical y f.,.. bard ullcalac. 

prcpcttica oC aamplod maicrial. 
Undiacurbod, n:p,cacmati"" aamplca .... 
n,cp.wed. 

Tbs 1yata11 al,all aat ca.- harm to lbs tank N Could a& 1.111k floor, walla. 

; floors .,.. -11. Maiauininc lank ime&ril)' ia 

i o( prim, impocw,m. 

OpmitiOD o( tbs eaa,ple 1)'9tall 1baJl aat N ~&b friaicn.. 
cmae tbs tank..,.."' material c.:mpcna.n to 

I --t 1ao·c. n.. aampl.inc •ppuaNa 
t.c:mpcrswre al,all bD lae lhan tj()•C. 

~ ol ponc,m,81. cilb:r 01Hi10 .,.. olf. N I No c:a,c,;,,...,,,, 
1iia_ 10 bazaidouo Ol' lalUc ~ abaJl 

be~ 

Tbs 1)'91ml 1baJl mimmiza tbs 1p,ad IX N No oaa11 · • 
Mlcuo of rsdioacliw Ol' bazaidoua malUWa 

imotbsaMnlallll:lll. Alnoumsabauld 
baurda be c:xcaaiw. 

Tbs 1)'9tall - oponlO •au,ly ill Ill N Mec:maica1 apulr ..,....,icn 
CIIVU'IDDClll poia,&ially OIJIIWllia& cxploliw 
s- and flammable liquida. 

Tbs 1)'91ml - aat .-ca cbomi.cally IX y By daip ,.,..;n:mrrf•, 
pbyaicaily wim .aiuuo.. muiia. ~ IX 
orpaic "4 n:11. 

All aamplm& bu:!-.. ,...t bD l'dricwble y Bydaip~. 
c..... tbs tank a.ft&r caa,pldial ol • aqml& 

adivitice. 

I PASS/FAIL I Fail I Muitipi,, &.ilumo• • 

'i/N 

y 

N 

N 

y 

'( 

( 

.. 

V 

' 
"I 

I F•-1 I 
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TABLE 3 - CONTINUED 
SOLID SA1\1PLERS - MANDATORY CRITERIA 

PASS/FAIL JUSTIFICATION 

Robotic sampler 

JUSTIFlCATION 

By cbip rcquircm:al. 

Waa't..,.,... calirc wutc dcpch. 

Sample mixinc. 

By admiaiatntiw oaauol via opcratinc 

proaocl&am. 

By adminiatrau- oaauol via opcnitinc 
proa,dwe. 

By •dminiau•liw cxmuoi via opcrstinc 
p,ooadun,. 

By •dminiauMiw cxmuol via openitia& 

promdura. 

Noipi&k,a__,.. 

By cbip mq11in:nzn1•. 

By dcaip mquircmcala. 

Wm't -caia-dq,th md I I I aaa,piDmwne, I I I I 



. . 

SAMPLER 1Y1'E 

CRITERIA 

Tho 1y,,tan 1b&ll bo ablo to wnplo Uquld. am 1lunlca. 

Tho 1y,,1etn 1hoU bo ablo to aamplo 1hdp, 10R "hcala,, am 
hud nltcaa, am eambinatl.- thereof. 

TI,c 1y11em muol bo ablo to oamrlo the entire depth of wute 

materlal ,....., ,..., '"" ,unac:e lo ... ;thl,s 8 cm or 11» botl<AD. 

Toll la a~ 11 metera of depth n.xlnun. 

Con, nmplce lnllll eonlaln a minlmlm or 4. 7 ml of ..... ie 

materlal per cm or con,. 

Liquid nmplea rmMI bo at leut 100 ml In volum,. 

Tho 1y1tan ,t.U not alter tho phy,,lcal propertie. or .. mplod 
materW. Undlatum,d, ~tlw wnple. are requln,d for 

determination or de111lty, rnoiature ....-, ,beu •trc:n&lh am 
rate, vllc,oohy, 1tratlficatlon, and ny,,talllne 1lrUclure. 

Dilution by 1upcmate or hydl'tllltatlc bead fluid mU1t not occur. 
Liquid ,ample. 00111ainina t\lllpcnded ,olica ffl\1111 bo 
reprc,oen1atlvo. 

Tho 1y,,tem ,haU not alter tho chemical pmpcrtlea, lncludlnc 

oraanlc and lnoraanlc oonilltucn11, radlola01opca, pll, heavy 
mctau, elc. Dilution or dlatolutlon or oalta or Cl'tllll• 

contamination or nmplea from tho 1upcmate or bydl'tllltalic 

head flu.id fflUII not occur • 

. . · ™ ,y;icirt •i;.u ~ ts~~ i~ .~ i#,~&ii oi-, ~,i/ / 

.. Malntalnlria .link, aiiegiii{ II of piimi; ~ < 
11,c ey,,tem rnuel bo highly reliable. It 1hall recover al leul 

90" or a Ml ,amplo 90" or tho tim,, . 

Direct lempcralure monltorlna ,haU bo provided If tho 
1amplln1 rnochani,,m i.. tho po'.en!lal or caoccdina I .50'C on 

any portion tbil cootacta tho ..... 1e. 

s.....,r.:. and ... oc1a""' 1,a,.1,.,..., fflUlt n1 1n wllnc 11anton1 
hot ceU faclU1le. utllizina wtlnJ exlrUllon equipmm. 

(Scpnc,,u no laraer than 48 cm lone by 2.$ cm dla.) 

Sampler vertical pooitlon rDUII bo rncuurablo 1'11lhin 2.$ cm. 

Sampler .,...., remain operational aRcr Ol<pOlure lo tanlc 
c:'OlllelU for al leut lhn,e ...,.,b, radiation d.- of 2000 Rlhr, 
and eorroaiw aolwon1 1'11111 pll In excea of 12. 

Tho ,y,,tern de.Ian and operation fflUII oon11der Al.ARA. 
lnllvldual doae •hall not ex~ JOO mrem\...,.,k. 

11:1:m~•J•l-i!il1~tm;,i:li• ill:1:::: 

;1aa111111111 
Tho 1y,,tem ,hall bo ablo lo obuln a Hmplo In a reuonablo 

lencth or tlmo (lcea than 2 M1Db) for a full lencth .. mplo. 

Generation of toeondary ...,..lee •ball bo minimlud. 
· ···.· .-:-:•:•.<•: •:❖.•.•:• : • : • :•.• :•: • :•. •.• ,•.•.-:·.• , •:•.•:•.•: • :❖:• , • · ··•·· · ··· ··· ·· · · ·· · •• ·· • • • -. . . -.· .·.·.•, , ,·,·.·· 

!1:::1e~i~iill~,IJ~il&1:1111:111• 

Tho 1amplor 1uppor1 1y,,tem nu,t bo re111ablo, mobilo, and · 
malnlalnable. 

Tho lytlem !NIii bo capablo of taJdna mon, than one 1amplo 
rrom • r.1- rt.or. 

Tho 1y1tern fflUII be fabricated or procured, ieeted, approved 

for 1111e, and ready for full opentlon by 41111993. 

Compoall• Ralln1 (numb.- ol Y'1) 

l'an/fall - Critical Crlltrla (1ladecl bolln) 

9't I 315~ • I 7l} I 

TABLE 4 
SAMPLER CONFORMANCE MA TRIX 

LIQUID/SLURRY SAMPLERS 

Boelleona 
1trln1 

y 

y 

N 

y 

NIA 

y 

y 

N 

y 

y 

NIA 

NIA 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

21 

1110,llntdboCll• 

on• 1trln1 

y 

y 

N 

y 

NIA 

y 

y 

y 

y 

y 

NIA 

N/A 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 
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Dip IMlplff 

y 

y 

N 

V 

NIA 

y 

y 

N 

y 

N 

NIA 

NIA 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

19 

Truckmounleol 
rowy drlll 

..tlllunlwnal 
IUllpl• 

y 

y 

y 

y 

NIA 

y 

y 

y 

y 

y 

NIA 

NIA 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 
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ICommff« Weel Vallt7 
!lampl« Thofa 

!lampl.-

y y 

y y 

N N 

y y 

NIA NIA 

y y 

y y 

y y 

y y 

y y 

NIA NIA 

N/A NIA 

y y 

y y 

y y 
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y y 
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y y 

N N 
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TABLE 4 CONTINUED 
SAMPLER CONFORMANCE MATRIX 

LIQUID/SLURRY SAMPLERS 
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SAMPLER TYPE £w,cuat.e,I 

aampl« 
Pwl11al1Jc: 

pumpaamplw 
Alr~IR wcuum _,, .. V1al • a pull-,, Pu1h Mo4e 

!llud .. 

!lunplw 

CRITERIA 

Tho 1y11em 1hall bo able to umplo liquid. and .tlumc,. 

Tho 1yo1em 1hall bo ablo to 1,uq,lo 1ludp, ooft oaltcab, and 
t.rd oaltcalao om combln• tlono lhcroor. 

The 1y11cm muot be able to oample tho entin, depth or ...,...., 

malerlal rrom tho top 1urface to within II cm or tho bottom. 
Thia lo aboul 11 meten or depth mu1mum. 

Core 1unplee muol eontaln a min1nun or 4.7 ad or wule 

material per cm or """'· 

Uqwd 1amplee 111\111 be al leut 100 ml In volwne. 

The 1yo1cm 1hall nae aller tho phytlcsl propertlca or oamplod 

material. Undi.111rbed, reprcoc:n1atlw 1unplee .,., n,qulnod ror 

de1erminatlon or clcnohy, molotun, conlenl, 1hear •trenath and 
rale, viocoohy, 1tratlllcatlon, and cry1lallln, llructwe. 

Dilution by 1upema1e or bydrootatlc .,_. nuid rnuot not occur. 

Liquid •amrlee containin& 1wpendcd ool.m muot bo 
rcpracnlatlve. 

Tho 1y11em 1haU nae al1er tho c:hcmlcal propertlc., lncludln& 

organic and Inorganic conllltuenll, radlolootopeo, pll, heavy 

mctalo, etc. Dilution or dluolutlon or oalll or crooa• 

contamination or 1amplc. rrom tho 1upemato or hydrootatlc 

hi,ad Ould muot no( occur. 

Tho 1yo1tm muot bo hl&hlY rcllable. It 1ba.ll rccow:r at leut 

90" or I l'ull 1ample 90" o( tho time. 

Direct lemperature monltorln& ,ball bo provided Ir tho 
eamplln& mochanl.,m i.. tho po4,enllal or exa,odln& 150'C on 
any portloa that contacll tho ..... 1o. 

Samplee and uooclat,,d hardwaro 1111111 n1 In exlotln& llanl'onl 

hol ceU fadlhloo utllb.lna exlotln& extrwlon equlpmm. 
(Scpncall no larp,r than 411 cm loni by 2 • .5 cm dia.) 

Sampler vertical poeltlon mu,t bo -ur• blo whhln 2 • .5 cm. 

Sampler 1111111 remain operational 11\or expo1ure to t.anlc 
conle!U for II !cut three ,.,,.,b, radl• tloa doae• or DlO R\hr, 
and C>OfflllMI tolw.lon1 with pll In mtClCSI or 12. 

·,,.. 1yolffll dellpl ans operation 1111111 oon1ldar Al.ARA. 
Individual d.- 1h•U DOI eita,od JOO mrem\week. 

Tho 1y1tem 1hall be 1blo to ol,uln I euq,le In I rcuon• blo 

lcn&th or t1mo (leu than 2 -bl for I full lcn&th -•mplo. 

Generation or •eoondsry ..... 1es •hall bo mlnlmlud. 

Tho •ampler •~ 1yo1tm mat bo l'CUllblo, mobile, om 
mointaln•ble. 

Tho 1yotem muot bo c•pablo o( !akin& more than one oamplo 
. rrom I aJva, IUCf. 

Tho 1yolem mat bo fabrlcaled or proeun,d, teetod, 1pprow,d 
for we, and ready for full opentloa by 411/1993. 

Compoell• Rlllln1 (numb« of Y'•) 

l'u1/Fall - Critical Crllttla (1hadNI boxnl 

y y 

y y 

N N 

y y 

NIA NIA 

y y 

y y 

y N 

y y 

y N 

NIA NIA 

NIA NIA 
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y N 
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y V 
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NIA NIA NIA y 
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TABLE 5 

I 
ALTERNATIVES 

I 
DESCRIPTION 

I 
Ball Vahc CJ ....... Sampler Thia system uliliza • madi5ad ball valw a& tha 

bouam ol tha un,picc wbida ia daacd by a 1princ 

driwu azdwni- •,-,a fi1lin& tha ampler. 
Triu=rinc ean bis cit.bu ..-....dcally ,x by 

a=-tiaa wilh tha snwlinc device. 

Sprinc F"mpr C.. Catcb:r Thia ll)'Wlan wlizca • """ of •princ-bd<d fino=ra a& 

tha c:a:i ol tha aamplcr band wbic:h ean be c:bad 

upoa rillinc o{ tha aampler. 

Doc:lr:in& .Rine Sampler Tuia ll)'Wtcm uliliza an eLucancr tubo a& tha bouan 
o{ tha aampler wbic:h ia c:laacd by a heavy clu1omcr 

band (doc:lr:in& nn& IUCG U lbmc uoai Ul doc:lr:in& 
aixq,a' tail&). Tbs doc:idn.c rin& ia b:ld by fin&c,-
Ual.il tb, ,ampler ia n:uacu,d at wbic:h limo tho 

doc:lr:in& rinc ,Upa oif o{ tb: finccra and pmct.c. tho 

elucamor tubo daacd. 

Iris va1 .... Sampler Thia 1yatcm wliz.co a doubt. walled ,ampler wilh 

an elulomcr tubo pninc Iha im« and 0Ulcr ....U. 
Aa tha ampler ia ro:tndaf. tha innu wall la pull,od 
~ imida tha caur wall. A 1pira1 1lat and pin 
.,.,...._ .,.._ tha iaacr tubo to twiat 1•·c. 
Thia twiata lb: e~ Dlba, c:loainc tbs c:a:i ol 
tba ampler. 

Collet -- c:a&cbcr ·rm. ll)'9lall wlizca a oampler wilh a tapcn:d~ 

(UIICmal llper) mawa and inlcma! •lidlnc c:a&cbcr 
:inc wbida ia tapcn:d to ma&ca tba aampler m<IWL 
Aa tba aampler ia wilhdra-, tba c:a&cbcr rin& 1lidc,e 

cloMlwud mlO tba tap:nd mauu,, ,q,aoezinc and 

raamin& tba - aamplo inaida tba ampler. 

Sb:lby tubo umpler 1bia ll)'Wlall ia •imilar to tba •plil bane! ampler 
COUZpl Iha& it la • OCIIIUIIUCUa ti.II». Tbs amplo 

...,.. bo CXUla:W for inapcclian and cvaluatian. 

Split bum 00111 aampler Thia ll)'Wtcm ia a atandatd -- un,pler !or obtainin& 
ac1i1a amnploe. h ia nomaUy c1riw:n ab:ad oC tha 

drill auinc at tba clq,cll ol tbs deaind a.ample and 

thmretria,,ad.. Sample ia n:uia:d by !rict.iaa. 
\Jpoll reuicval, tba c:a:i fhtinp ean be ~ 

a.llawin& tba butd to be op::a,d len&lhwiao f,x 

aampaewluadcn. 
.1...11...a1,y---~n:D:D"""""ll 
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CORE SAMPLE RETRIEVAL ALTERNATIVES 
ADVANTAGES DISADVANTAGES VIABILITY REFER-

RANK JUSTIFICATION 
ENCES1 

• Reliably aamplcl liqum u,d aolida. "' Moderately complex mcchaniam. I Beat all uoomd, mml n:liable _,.,...,y. 5 
• P .. iu"" aample l'CCalliaa. '" Fabricalian cxp:mi¥C. ~ liquid,. 

• Well dc....lapod and 1e11ai. .. Older dcoicn did - n:liably •bear off bani 

1allcab: con:. New dcaicn i.. 1uaic,,r sprinc 

and may l'CIOM pn,blam. 

• Mcdianically ,imple. " Wan't n:tain liquid, or 1lurn:a. 2 Mon, reliable ICICOW:,Y of aol.ida. 5 
• Mon, n:liablo than 0011,ot. u Probably ...,..•1 aa off bani aaltcam. Doca - n:tain liquid,. 

• Can pouibly retain Liquida and alurrica . ~ llmc n:lcuc unn:liable. 3 Mon, pooiu.... c:t .. un: lhal1 i.ria valw. 5 
• Modianicallyaimple. ~ Can't CUI off bard aaltcab: con:, probably 

• Relatively incxpcmiw. wculdn'I a& off pac:lrzd ~ i:mteri.al. 
• Elu1cmcr puu anac:lrzd by ndialian, rcu:,c 

limil<:d. 

• Can pouibly retain liquid, or 1lurrica. • Can' t a& off bard or pac:lrzd aallcab:a. 4 Pooilivo aamplo l'CCalli<.n. 5 
• Simple, incspcmi ..... • Elu1cmcr pall.I danJa ccd by ndiat.ian, =-

limil<:d. 
• T wilt m::dianism 1ubject to jamminc. lhcn:forc 

cl .. Uftl unn:liable. 

' Simpler to fabriCIIO than ball cJ .. un:. • Wan"t aample liquid, or alurria. 5 Mora pooiu.... aamplo n:lcnlian than ,plit ba=I or 5 
' 1-apcmiw than ball cJ .. un:. • Sample .-,y can be poor. abclby. 

• May DOI aa off bani aaltcab: con:. Doca - retain Liquida. 

' ' Canm,cr,:ially availabli,. • POOi' n:tcnlian of ll<lllDD material. W011"t ,ample 6 Doca - retain liquid, or , lurrica. 
•-· WldclytalOd. liquid,. 

' lnr:zp:mivo. • M- bo clriw:n in&o mmlla 10 work, drill rip 
.. '-- apcmiw o{ tb, aample ~ DOI equippad wilh drive toola. .,..._. • MUii bo extndcd • 

. Canmcr,:ially availablo • • POOi' rclenlian of ll<lllDD mueria1. W011°t ample 1 0oca DOI rc:uin liquid.a, tlurrica « 1ludp. 5 

• Widely tcacal.. liquida • 

" lnr:zp:mivo. • Muat be dri""" into mi:d.ia to work, drill rip 
• Ho c.Gnllm ~- DOI equipped wilh drive tools • 

- --------- - --------



AL TERNA TIV1t DISCJUPTION 

~ In bi&. s- iD drill acriac-
n .q,ls:a --- iD drill bil. 
Tha CMaido oa um drill •lriac-namizic to UID lap. 

Picz.adoctric C,,..w. wilb baaciy Baaaay ~ poa,u "'Wlr, cr)'9&&I {n,qi,m,cy 

c:t.ap wilh 1aapenwrc. 

ec,-1 ID<Ullad iD bi& --
F~ tn-la UlraiCh -=w drill acriac. 

1,.-,......-moaaialina Ma.rial DElta in lxarinc I& critical ~ 

..Wbcaria& Iba aliowmc drill bit ~ IO 8'Dp whilD drill ICnll& 
• l'IJWinc. 

llaiio ~ iD lb: ---
Small ~ IDllUl>lai iD drill ICnll& val -.Id 

pan ol drill ICnll& tad • r.-iio ~ •icml ~ lb: auuidG ol lb: 

drillaumc. 

Hoat tnmi:.rria& maiaia1lba& M-.-1 Iba& tnaacn boa& caaicr IO - lac:a&iai. 

pip, 

T~ -i&M paint Palm ciill,p,a aalan .. ~ ....... 

lnfnmd AA ialraad _. \aai to.- bi&_,...__ 

. 
l....ucrudpi>aopms Ca•& bi& ... wilb pi>aopms. 

&mapbaopoar9 wilblaaubmm uaw1mc lbl,:,up .. liher .... c:aWa. UclacmiM.,..si-oll 
as...,.,.tto....,...._..t~tm-ibadt 
lbraucb Iba c:aWa. 

Flaahbwbaadpb:,lomll A flaall bulb - ON or OFF u lbs cri1ica1 
~ wuh a pb:,lo odl -me lbs Uc):,& a& lb: 

"'P "' Iba drill l1nll&· 
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TABLE 6 - BIT TEMPERATURE MONITORING ALTERNATIVES 

ADV A.NI' ACES DISAJ>V A.NI' AGES STATUS, 

. No clDc:uaaico imm um drill acriac- • A,ddi&iaa ol acajcz, ,,.__.;..., 4 . Miaimiza mo IUicllia,a to drill. . Abruiaa malCNJ. 

• Ti&bl,minc drill llriDc .,._. ""'°""' .JI --. . E;,mi<a Wm 24 hr A ~ refriccn&ia>-

. Could -- ... ol drill atria& pip, ... • To larps """"°' aupply. 2 
lnmmiwDc i:mdi .. • 7.S S •icml lao4 .,,_ .6 -... . Miaimiza 11101,_ificwom to clril1. . °'""""""' mmialuriza&ioD rcquin,d. . Ezicmicn ~ ad ~lapmcal • 

• Would Dal ta..:i to 1.-i& da&a. • Cwmc ahoar c.,._ -y aaood abcar aua,cu, I . MmimiMI ma<~ to drill. a( loa, ICmpCftlUrC -iaiab . . c-~ wb:n alr:ual • . L,qui& ~ lorquc • . Ena.iaa - •= u,d ~lopucal • 

. No wilM to N . ~ lb: drill atria&, . l.up,~lllf,ply. 2 . Mi.aim.iz.ca a,ai if_,,._ to dri11. • Small ~ r """""°' . . Ai,ru;_ o( ..... IC. 

. Moa I a ...., mor --,, Cram bil. . May ""' 11D pn,:ucal for km& 1mc1b ol drill 2 

atria&-. a...,,. - OD aampl,:T . Medo - bm1 pip, • . Enmai<m -= aai ~lopn:al • 

. No clDc:uaaico . ...,.,,.___ • No ..i tiaa iaCaamaia,. 4 . Mii:iimiM,a mod 6-.... to drill • . Mia&IIDviaibc. . Mia& 11D city .-• 

• Could - lu ,o ... Cor bat .,,.._. . Bit in - -. viaibc. 4 . Miaimaa mod 6':a&ica to drill. . w- aalaia1 ~,mp,:nlllle varica. . . 
Additimal riaer --. ~ maaitoM& . 

• Spaaaiaa&. 2 
• C-iaa prablicm wilh fib:T apuca. . Drill MDC boadl. 
• Sm,pla-bb:b~frambiL . Exta.M-=aai~ 

• a.cap. . p.....,..~. 3 . N .. ..- ilia ca. . Drill llriDc bcail . 
• Obau\11:ud liJi,I )'&th. 

I. 0 Swua • an to u. _.,.. al~ _i awlic:e•im al lb. allmrmciw. Tbs - c,c,da ia M {olloa,a: l - l :......,p& emir, l - Sima~ aam - ~ J - Taoai am ..-iy {or ,-;; 4 - In ..,_ 
l. 0

Vwiility ea.· ia Ula --- ol ua appiimbilily ol ua ~- n. viability .... ia .. f..U-.: NIA - , .. ~ M - Marpal; !' - Paooibc; L -Li.idy. 

VIABILm' 

COD£, JUSTinCATION 

L Sam, wan: baa bc,ca den: iD lb: 30S l..a.b. 

M Sam IMliac boa bai:D dcn: in lb: 30.S l..a.b. 

M Cwmc abcar forc:a IDOi( U&ly will cs.-i 
...-ria.l alJ<:DCI,!,. 

M Same ~ bu bai:D QQIIS IO find -U miao-
aizaiin-,iuu,. 

M a-iiac ..-me - ,..._ -· 

NIA No -1 uas iaC.........._ 

NIA c... Dal - bit~ aal llllaGIINl:IIDd 
limoiaicl&-

M &v:,aa;,. -«Ii a.ad~ mala. 

NIA . Pao,cr aupply ;,, bcaac1 aC bil ID la.rp, {or .,...,. . Lida palb obal.n.l:loOd by aampju. 
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TABLE 6 - BIT TEMPERATURE MONITORING ALTERNATIVES 

I 
ALTERNATIVE 

I 
DESCJUPTJON 

I 
ADVANTAGES DISADV ANT ACES STATlJS, 

CODE, 

~pu.c Nim:I eatciiu ...!a -uc: ~ UlnM&b drill . Ma.looa ... al drill atriDa u lnmmiuiac . a-p. m iaq,cnwre -,. IICl be 1arp: 2 p 

Mrinc. tadinc al ~ oif ol drill bit tip ..... madia. caauch (90"C IO l!iO'C) IO ca&ac ~ 

will """"9pcm IO lalllpCr&IUIC. . M~ - dificaim IO drill. dmipm""'1caiaa. . Rop....ca1ib,wmtyw1m1. . UpJ. rctu iaD chlACCI wnh c:acn n,:w 

.-iaa.. . ExJa,o;- -=arch ad cai:,,clapm:u • 

Flwd dynamic 1witcn F~ ...t.iada cbmp with iaz,pcrawn:. . No clic,cu,anic,, noodcd • . Plup wilh-..d. 2 M . Minimiza IDD .ii&a&iaa IO drill. . Maais«m& ry11aD Cor -..biotic • . F~ aay ...,,, duo 1a po 0-- or 

pluuinc. . Enoao;- -..:b &Dd ~ Cor , • mcd.i.(ICaUaa.. 

c:...,. paim _,,__... owic.ch Swiu:b eaMlai by~- Pauibly . Ex,a,oi:w ,_..... &Dd ~- 2 M 
oambimd with ~ 

Tasia-, ~ Emiuiom auivued by lallpCftllll'C. 0.-S...ol . Oday. oi pt IC -.Jalim ddocua:,. l}"llaZL • p 

c:miMiom ~ la2lpCtUWa limit y iadlad. . 1--~limiu . . EncmM _,en &Dd ca,:,,c~ . 

G,sppia ...-i,,o IUIJ!>Cr i,,iam:uy ~ pac1oa.., ..........t = Mmpia cut. wi&h . Hud wita IDll&i ai IO p:t da&a IO IOp o/ drill . &p;-i ali:p nQ.C c:rnroim CIJID>Cliac IO 2 p 

via •lip ""' ~ alip riDp in~ .aiaD IO ummmt aipl IU'inc Cram c...u, Gica pac:b.ca. drill MD&-
Cram rowiac drill -riac t,o cle:1 rooi-. pa,cb.p. . M~ 11> ~ a..bc ad '"""'la bait 

rad cable. . Major rnaditicw iao IO drillia& aide ol oon, _,,.INCL 
G,sppia win> iadul:uwly cm,plad 11.mia&aam T.........- o..-« .......t iD bil. . No alip riDp c: .pa,,od. . o..'111 Ulla CICt!I-. 2 L 
a-....,..T~-o-.c.ar Sipu &Dd ,..._ uammiaad &ma cliDcanmio . Po,,,cr~c.abil • 

pa,cb.pa.i.-. Samplu to raa&mc drill MD& via . F .......,,acy modlll.wac clacuaiic bi,. 

~ -..,uac. . Major mrxlifatiaD IO drillia& aide o{ oon, 

ua,plalNCk. 

Gnwcwim..-...cnpplala&dl Eloc:vaaica pacloap, IDOl.-l .i.-. ....... cut. u,d . No rnadi6ce1ic:r IO o.m,plD 1111a rocpn,d. . &p;-i 11.ip riDJ c:rnroim 2 L 
ldcmcuy snwla~. Sip.la tnmmiua:l Cram drill . ),(odi6ce•im to JJapp& bm mi cabl& • 

IU'm& IO padoap, via ali:p ru,p. . Major J::llll:ldi.6m&aa IO drillia& aide ol oon, 

ua,plalnd:. 

"" (mppl&, wi&, MlllpCr, boa& IUbi, Eliacvaaioa pad,qs .... aampl,o Ula ad . No--=:dmbil-- • T• ala > .3 ..,. -1 drill -U. I M 

~- Kra& pipo ,._ &ma drill acria& .-icn • T ,...fer Cram bu limilal m ..,..._ 
- pacilap dowa lO bil tip. . Major mcdi6n11im IO drillia& aide ol oon, 

ua,plalNCk. 

I . 'Sc.aaa • .....,. IO Iba--~ ol drol , • md aw!ica•im al Ila allamti,c. n. - CIIOda io • (c,Uo.,s: 1 - <~ oa1r, l - S-~ c1rm - r:qia,ai; 3 - T....t aad ,-iy (or,-; 4 - ID ,-, 
l. 'V'aahiliry Coda' io ur a- • ol II>-< •w!icat-1icy ol Ila~. n., viahilily caiD io u !..U-.: NIA - 1Ja1 awicablc· M - Mup,al; P - Pmaiblc; L -1...i.i,dy. 

vtABll.llY 

JUSTinCATION 

l..mAlammp,a»>IOaadyfunhcr. 

l..m "--- piano IO aady funhcr. 

l..m A.... piaa,1 IO IGla)' funb:r. 

0.lay in~" o{ - ~ pn,blam. 

s.adia ubo ICU!-,f111C .......... 

Sadia Laba ondymc cam,q,t. 

Smdia Laba IIGlliymc camq,t. 

P.......,. o/ tnm~:mn& b::al pips~ IO 

nui.iac--

----- ---- - - ------------



I 
ALnxNATIVE 

I 
DESClUmON 

I 
Fila aptial ~-ct aip,I Fila oplio cahla Na iD i- abs -- ol 

drill a&rinc IO cvry da&a.. 

Bimowllc: ~ T~ adfflCim oi 1.ba ~ oauiii la 
'-' to dcaa off-po ~ (c:a&lliac be- h; -wmda oaulii ba maailond) ct oaulii aaiwM • 
pia.mloclric C1')1&&1. 

l'Sel.adm:uic poor,cr - Vibrwca o111» drill •umc ......w ti. ..... 
pia.mlacuic .____ ~- l'li:&a:IDcuic cryww ....... -

I I ....... ,. lnlllmi&lr:r ....... aaiA (-,-,, to 

I 
ba - up drill aumc. 

Wuot!DUipn,. A pl,,. .......W mdl at Iha c:riucd ~ 

kaYiac .. ~ ia Iba drill llriac Iba ........ praaaa---.. 
Radio ~ imida drill S"io-1 wa.i4 ba - IO lb, i,. o/ l.ba drill 1UmC 
"nDC ..... radio~. 

M-=---~- U..wiw--lO-~aai ..... 
I aipu up IO Iba i,.. 

Drill l&riacfpppa ~ u.. Iba drill ... - Iha pamd laid ........ 

- - Ula~ Ima - lb, paoili,9 1-i.. 

Drillaumc,i-.-. DriD8lftlCUOMMa--"aad--.i.. ............. 
M-.l clralNomc bi& Bilw-1 ..U-.-&N<U .. cri1iau t I = 

l Tawmc )f b llappiac11crmc• lt I = <:a drill 

a&rinc-

!,tyt..,_.,......,,. Sad aipu up - --.i in drill acrinc-
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TABLE 6 - BIT TEMPERATURE MONITORING ALTERNATIVES 

ADVANrAGXS 

I 
DISADV AHr AGES 

I 
fiATU31 

I CODI, 

• S...inc padmp Larc,o. 4 M 
• C ...... 1a.rp:. 
• Q,ar,z lib:r daram iD ndio ocuw 

caviraaizas.. 
• Majar madifica&im to driJlinc am oi .... 

a.-poalNr:r.. 
• ~ ,-,da ad <kwlapmcal. 

•s--o1~ I M 
• ~ • -"- iadicwaa. 

• Miaim.m '"':idifio:atiaa to drill Mrinc- • S"io-1 i.... duriac op:n&im may bo too 2 I' 
• UM drill IIU DC u U ·n=c ...aia. Larc,o. 
• Nop,a,ap--....:m. • l.&rp ~ effort. 

• Exla,o.- ...-n:il ad dcwlapmcal. 

• No clm:uaai • ....W. • Lm• ol oooliq w to biL. " I' 
• C-aa&t..-.. 
• R.cadmc c:t.,p ca lb, aur<-. 

• No wuea IO ,. up drill a&rinc- • U11'8p>l'OUIIU!'PYiDbit.. 3 M 
• ~ wira W\11 PQmd aipa!. 

• Miaim.m c~ cuaaim ~ hal• ia drill a&riz:ic. • w.- iuid• ii.1 ma ao (~ ol 20 GHz I M ,......_ 
. ~-~.,_,._ 
• Few &aCII • ·~ lacd da&a. 

• ~ .....al - <kwlapmcal. 

• u-~ - .. u--'-inc ....tiL • G1'CJUlldmc probiml. - iaol&IA ~ I I' 
cahla. 

• :w-i.- ali,,q ica 

•U•aio&m&--u " inc-'-- • Vuyq cioi::L.;c ,-iltmly. 4 M 
•C.aa1cinaai-• 
• Drillllrin&OClllada-. 

• No clacaraaic-1 ....W. • S&ap• c:utiac. - pia:l.inc buildiac Ill:-.. 2 M 
• ~bi&. 

• U- drill 1U
0 

DC M U . incllDiiL • Nca -1 tizm. " NIA 

• l.&rppl>M'I' •~ -

• C.aa&...-.-IAflaw. 4 NIA 

• Mm .......i.t CllllWllimM, taai: a.ad ~ 

I . "Sl&ao" idan IO Illa~ al ....,1.; md ,q,plimcim ol 1.ba ~ TI,• w .,.._ ia u f..UO-: 1 Cm,p& aaly; l - S-~ dma - ~ J - T--' a sady Cot i-; 4 - ba ..._ 
2. "V-abilily eaa.• ia Iba --- ol ta. •wlir• hility oi Illa~ n. viaa1ity .,.._ i,o • follaa,w: NIA - Nca awlim~ M - Wup,d; P - Paoaa..; L -1..ilocly. 

- - - - ---- --- - -

VlAJIILITV 

I I JUST111CATION 

Boc:traaia ..,._.._ (at optic caillD ... IOa 

Larc,o. s...-. s-bCII' Larc,o. .. 

~ 100 1arp (or .,_ ia biL. 

Laa Ai- IQ ana:iy ~ 

Cua 1:11 ~lqmd bu& would - - "'caaliac 
pi. IO biL. 

~ • i..-i, po,,.- au,ply ia drill Mriac-

1,(.,...,...... ~ would i--' 10 ba cii-lap,d 
to ~ Ibo cunaa 2 GHZ aailiry to 20 GHZ. 

Saadia IOICidy"""""""" 

Oifflcwl IO clDc:ucmical!y ca.- WM -
Sboft~ i.:c- drill ,umc -.II 111d -
praiabl,L 

Still p::aa-ao• bcaa throlda pcmi!My " i-. .... 

Nota!lim:~ 

~ cxn•aimtica ~la. 
Madiaao&ue:i. 

- -- - ---- - ---------- --- ---
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I 
ALTXJlNATIVE 

I 
D~ON 

I 
ADVAXTACKS DI.SADVAXTACF.S STATUS, 

E.IICa.bliala SUllly &w.lapa •TCIIUIIII- • No~...,_....,......-w._ • NCII clima maailaria&- 2 
• 1h:rm&i cr'ndecicme 
• Sla&il&ical amly,ia al llUIIILllaa&.. 

lladio r,..._,, lbr<aicls mew Vibra&iaa al drill M,q IO ba .-i a wiper -1 ll • Uwdri.lllrincuu ~·••inc-..iia.. • p.,._ ~ aaadDd "'bi&. I 
drill lllinc tha tap oi lhD drill ac,q. • Major motifin•ian to dnlliac oida ol con, 

oaa,pi,,inu. -- -I Panild poaila Ho!. Cl& bmida drill ariDc. praba imenod IO • No modi~.,., clrill.ii,c «t ·• • Di1!5cua 14 p,I praba U1nJUCA tard _,. 4 

moail« I>:. h , D- ~tobiltip. 
, 

I. •s-• rsan to !!a ciDpa al~ .-1 qipiicaricw n( !ta~ n. - cada ia • (..UO-: . - Cc:DZ:lp& oaly; l-Sama~ dma ,_. ~ 3 - T-.d 111d ...ty fix ,as; 4 - Ill..._ 
2. "Vl&biliry Cada" • !!a --- al tha •FPiicehility al Ila ~ n. viability cada • • follows: Niu - N« 11fP1io:aWo; M - l,lupal; P - P099ihi,,; L -u.aiy. 

CODE, 

p 

M 

M 

VIABILITY 

JUfftflCATION 

WHC proa,adiac with CXlDOIOpt. 

• 
Powu ~ ....,. tao tup, fix availa.bla •i:-o-

Diftlcull 10 ......., paoiuca o( ~ proia. 




