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accomplished during Phase 1. During Phase 2, the transuranic sludge in the bottom of 
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wi ll be designed. During Phase 3, the transuranic sludge material will be retrieved 
and the tank will . be stabilized for future closure under CERCLA or RCRA rules. The 
t ot al cost for completing all three phases is estimated to be between $1 . 4 and $1.8 
mi ll i on , depending on the complexity of the Phase 3 process. The decommission i ng 
project will require at least 2 years and 9 months complete. 

This sequence of events is somewhat flexible in that it may be feasible to obta in 
a sample of the sludge layer prior to initiation of grout retrieval. The slight 
increase in cost for having to sample through the grout layer (approximately 580,000 ) 
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which would probably not retrieve a representative sample. A new sampler, designed 
specifically for sampling the hard cake contained in Single Shell Tanks, should be 
suitable for retrieving a sample of the sludge material in Tank 241-CX-72. However , 
t hi s sampler will not be available until at least January of 1990, and may not be 
perfected for up to another 6 months. 
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ENGINEERING STUDY 

RECOMMENDATIONS FOR THE SAMPLING 
AND DECOMMISSIONING OF 

TANK 241-CX-72 

1.0 OBJECTIVE 

I.I BACKGROUND ANO SCOPE

I.I.I Background

In 1986, as part of the efforts associated with decommissioning the 
Strontium Semiworks Facility located in the 200-E Area, Tank 241-CX-72 was 
filled with grout to eliminate voids in the eventual entombment of the 
facility. In October of 1988, an actuator rod was discovered to have been 
accidentally pulled approximately 15 feet out of the tank by a piece of 
heavy equipment. The agitator rod was found to be contaminated and was 
subsequently buried as low level waste (LLW) along with some contaminated 
ash. A c9Tplete description of the contamination found is reported
elsewherel J. Because the actuator rod contained appreciable levels of 
radioactive contamination, further analysis by nondestructive assay led to 
the conclusion that the tank may contain levels of transuranic (TRU} 
materials that could require its classification as transuranic waste. The 
decision was made to investigate the means to verify the existence of TRU 
material and the means to remove the tank contents if needed. 

Prior to grouting the tank in 1986, a liquid level measurement indicated 
that the tank was empty. It is believed that this measurement erred either 
because it was made in the drywell, or the dryness of the sludge made it 
appear as if the tank was empty. Nevertheless, based on historical records 
that indicated that the tank was empty, and the results of the liquid level 
measurement, the tank was filled with grout. 

1.1.2 Scope 

This engineering study was commissioned to develop alternatives and 
recommend a preferred method for proceeding with sampling and decommissioning 
of Tank 241-CX-72. This study proposes several feasible sampling and 
decommissioning alternatives and includes, for each alternative: 

1. Narrative and graphic descriptions.
2. Preferred sampling methods.
3. An assessment of regulatory and environmental impacts and

constraints.
4. An assessment of principal hazards and risks.
5. Cost estimates.
6. Reasons for not selecting the non-preferred alternatives.
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The description of the recommended alternative includes: 

1. A narrative and graphic description of the method with a detailed 
outline for performing the work. 

2. Preferred sampling methods. 
3. An assessment of regulatory constraints with an emphasis on 

potential hol d points. 
4. An assessment of principal hazards and risks. 
5. A Rough Order of Magnitude (ROM) cost estimate and a preliminary 

schedule. 
6. A justification for selecting the recommendation. 

1.2 PURPOSE AND NEED 

Present ly, there is evidence supportiQg the conclusion that the contents 
of Tank 241-CX-72 may be transuranic wastel 2). The Record of Decisi9n)(ROD) 
for the disposal of Hanford high-level, transuranic, and tank wastesl 3 
provides for the implementation of the ttPreferred Alternativett as discussed 
in the Hanford Defense Waste-Environmental Impact Statement (HOW-EIS)l 4J. 
This alternative provides for the disposal of the following defense wastes 
at the Hanford Site: Double-shell tank wastes; retrievably stored and newly 
generated transuranic waste; pre-1970 buried suspect TRU-contaminated solid 
waste outside of the central (200 Area) plateau; and strontium and cesium 
encapsulated wastes. For the remainder of the waste classes covered in the 
HOW-EIS [single-shell tank (SST) wastes, TRU-contaminated soil and pre-1970 
buried suspect TRU-contaminated solid waste within the 200 Area plateau], 
the United States Department of Energy (DOE) has decided to conduct additional 
development and evaluat i on before making decisions on final disposal. This 
development and evaluat i on effort will focus both on methods to retrieve and 
process these wastes for disposai, as well as to stabilize and isolate the 
wa stes near surface (within 30 meters of the surface). 

Although Tank 241 -CX-72 is not specifically addressed in the ROD , it is 
assumed that it falls under the category of single-shell tank wastes. This 
st udy i s an evaluation of the alternatives that are available for the 
sampling and retrieval of the waste from Tank 241-CX-72. 

2.0 SUMMARY 

The sampling and retrieval of the waste from Tank 241-CX-72 is feasible 
using existing technology and methods. The sampling and decommissioning of 
the tank can be accomplished in three phases. Initial characterization of 
the tank and removal of the grout layer will be accomplished during Phase 1. 
During Phase 2, the suspected transuranic sludge in the bottom of the tank 
will be sampled and analyzed and the process for retrieval of this material 
wi l l be designed. During Phase 3, if confirmed as being transuranic , t he 
sl udge material will be retrieved and the tank will be stabilized for future 
clo sure under Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) or Resource Conservation and Recovery Act (RCRA) 
guidelines. 
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The sequence of events described above is somewhat flexible in that it 
may be feasible to obtain a sample of the sludge layer prior to initiation 
of grout retrieval. The slight increase in cost for having to sample through 
the grout layer (approximately $80,000) would be offset by a reduction in 
the length of the project (approximately 10 months). There would be some 
programmatic risk involved in using the currently available samplers which 
would probably not retrieve a representative sample. A new sampler, designed 
specifically for sampling the hard cake contained in Single Shell Tanks, 
should be suitable for retrieving a sample of the sludge material in Tank 
241-CX-72. However, this sampler will not be available until at least
January of 1990, and may not be perfected for up to another 6 months.

The total cost for completing all three phases is estimated to be between 
Sl.4 and Sl.8 million, depending on the complexity of the Phase 3 process. 
The decommissioning project will require at least 2 years and 9 months 
complete. 

Several alternatives to ·the preferred method were considered. These 
alternatives involved various combinations of mining and sluicing of the 
tank contents. Although each of these options was considered to be feasible 
to some degree, each was rejected because of the uncertainties surrounding 
the exact nature of the tank structure and its contents. Table 2-1 provides 
a brief summary of the options that were considered. 

3.0 RECOMMENDATIONS ANO CONCLUSIONS 

The sampling and retrieval (if necessary) of the waste from Tank 
241-CX-72 can be performed in three phases. The first phase will involve
excavation to the top of the tank, removal of the top, and removal of most
of the grout layer. The grout that is removed will be sampled and analyzed
then packaged and disposed of in an appropriate and acceptable manner,
depending on the nature (radionuclide and hazardous material content) of the
grout. Upon removal of the grout, Phase 2 will begin and samples of the
sludge layer will be obtained. At the same time, an inspection and analysis
of the tank integrity will be conducted. These data will be evaluated in
order to select the preferred retrieval method. The final retrieval will
occur in Phase 3 and will involve at least one of the following three
methods: mining; sluicing; and removal of the tank (with the sludge layer
intact) to a handling facility. Because of uncertainties as to the nature
(radiological, chemical, and physical properties) of the sludge layer and of
the tank integrity, a final sludge retrieval method cannot be specified at
the present time.
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Table 2-1. SLIIIIMry of Options for Decomnissioning Tank 241-CX-72. 

TEC*, 
____ __.A_l t::.::e.r ... n.,..at_, ... · v_,e ______ S Mi 11 ion 

Reccmnended Method --
Three phase approach: 

l.) Remove grout; 
2.) Sample and analyze 
sludge layer, design 
sludge retrieval 
process; 
3.) Retrieve sludge. 

Alternative A --
Mine Entire Contents (Dry 
Process) 

Alternative B --
Leave Grout in Place, Sluice 
Sludge 

Alternative C --
Leave Grout In Place, Mine 
Sludge 

Alternative D --
Sluice Ent;re Contents (Wet
Process) 

Alternative E 
No Action 

l.396

to
l.832 

1.552 

1.146 

1.549 

1.172 

--o--

comnents 

Tank and sludge layer must be fully characterized before 
sludge retrieval is att�ted. This approach features 
relatively inexpensive method to accanplish 
characterizations and provides flexibility in selecting 
final retrieval option. 

Alternative rejected because of the unknown characteristics 
of the sludge layer. The sludge mining equipnent would 
probably be over-designed in order to function properly. 

Alternative rejected because of the unknown characteristics 
of the sludge layer and tank integrity. The physical 
characteristics of the sludge may make it difficult to 
sluice, and, if the tank has leaked, sluicing would be 
prohibited. Additionally, the grout layer is supported by 
the sludge layer. The grout layer probably would not remain 
in place if the sludge layer is removed. 

Alternative rejected because of the unknown characteristics 
of the grout layer. The grout layer is supported by the 
sludge layer. The grout layer probably would not remain in 
place if the sludge layer is removed. 

Alternative rejected primarily because of the uncertainty 
of tank integrity and characteristics of sludge layer. 
Large volume of low level waste would also be added to 
double shell tank inventory. 

This option would have no incremental impact on current 
budgets. This option would require that the sludge 
material, which is probably TRU, would remain in its present 
configuration, in a tank of unknown integrity, for an 
indefinite period. 

* TEC - Total estimated cost includes engineering, construction, installation, operation, overhead
charges, a 35¾ contingency, and support costs in FY 1989 dollars.

,· 
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4.0 METHODOLOGY 

4.1 CRITERIA 

Several criteria were used in selecting candidate retrieval 
technologies. The primary criterion was to render the site of Tank 241-CX-72 
such that it would meet the requirements of DOE Order 5820.2Al5J. 
Specifically, upon completion of the project, the site would contain only 
permissible concentrations of radionuclides and/or hazardous waste. In 
general, waste that contains greater than Class C {GTCC) concentrations 9f 
radionuclides, as defined in 10 Code of Federal Regulations (CFR) 61.55,t6) 
is generally not acceptable for near surface disposal. In particular, alpha 
emitting transuranic nuclides with half-lives greater than five years are 
limited to concentrations of less than 100 nCi/g. In addition, an 
environmental pathway analysis must demonstrate that all low-level waste 
that is disposed (i.e., in place disposal of some or all of the tank 
contents) has a dose delivered through all environmental pathways (i.e., 
inhalation, ingestion of food crops grown on contaminated soil, intrusion, 
etc.) that does not exceed 25 mrem/year for all pathways or 4 mrem/year 
through drinking the groundwater (whichever is lower). Disposal of any 
hazardous waste must meet the requirements of the United States Environmental 
Protection Agency (EPA) and the Washington State Department of Ecology (WDOE). 

In order to consider leaving the sludge layer or grout layer in place, 
these layers must be shown to have concentrations that would be non-GTCC, 
and non-hazardous. If the sludge layer is to be removed from beneath the 
grout layer, the grout and tank must also be of sufficient strength to resist 
the forces involved. 

Sampling and retrieval techniques must comply with criticality safety 
requir~m~nts of the DOE as set forth in the Nuclear Criticality Safety 
Manuall 7J. The waste must be demonstrated to remain sub-critical under all 
circumstances. This requirement precludes the introduction of water 
(including water containing a soluble poison) into the tank until the sludge 
layer is fully characterized. Historical records and recently obtained 
radiation measurements are not sufficient to satisfy the requirement to 
characterize the waste with respect to fissionable material content. A 
single sample of fissionable material taken in the center of the tank would 
be representative for the size tank being sampled. This sample would satisfy 
criticality safety requirements, however, sampling for hazardous waste would 
require one additional sample. 

Waste removal techniques involving water to sluice the sludge layer 
would require three additional criteria to be met: 1.) The sludge layer 
must be shown to have the physical and chemical characteristics necessary 
for successful sluicing; 2.) it must be verified that the tank has not 
leaked; and 3.) the tank walls must be shown to be of sufficient structural 
integrity to withstand the sluicing pressure needed to dislodge the waste 
material. If the sludge were to be sluiced from beneath the grout (which 
would be left in place), the grout must have sufficient structural integrity 
to remain in place. 
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If the tank, with the sludge layer intact, is to be removed from the 
caisson and moved to another facility for waste retrieval, the tank must be 
shown to be of sufficient structural integrity to withstand the stresses 
involved. Verificat i on that the tank has not leaked would also be required. 

Options to sample and remove the tank waste must comply with all 
pol i cies and procedures of the Westinghouse Hanford Company (WHC). These 
requirements include, but are not limited to, criticality prevention, 
contamination control, and industrial safety. In addition, retrieval options 
must be in full, compliance with all applicable DOE, state, and local 
regulations. 

4.2 TANK AND WASTE CHARACTERIZATION 

4.2.1 Historical Background 

The 241-CX-72 tank is located in the Strontium Semiworks Facility of 
the 200-E Area as shown in Figure 4-1. Tank 241-CX-72 was installed at the 
Strontium Semiworks Facility in 1955 and used as an experimental tank to 
det ermine characteristics of self-concentrating waste from pilot plant 
studies for the plutonium and uranium recovery by extraction (PUREX) solvent 
extraction process. As shown in Figure 4-2, Tank 241-CX-72 is an upright , 
cylindrical vessel 40 inches in diameter and 35 feet, 8 inches in length, 
mounted inside a caisson. Support pads, welded to the bottom of the tank, 
rest on the concrete pad that forms the bottom of the caisson. The 3/8 inch 
th i ck vessel walls are reinforced with five stiffener rings that extend 
nearly out to the caisson wall. Three rows of vertical guides connect the 
st i ffener rings. A cylindrical electrical heater is mounted just above each 
st i ffener ring. The top of the vessel is sealed with a plate that also 
extends over the caisson and seals the caisson. A 3 inch diameter dry well 
is mounted on the inner wall of the tank. Two 8 inch diameter risers are 
mounted near the center of the tank. One of the risers contains dip tubes 
that were used for liquid level and density measurements. A sparger is 
mounted in the bottom of the tank. A manually operated system of paddles 
(for "feeling" the sludge level) was mounted concentrically within the tank. 
These paddles were operated through a system of actuator rods that originally 
ext ended from within the vessel to above ground. Approximately 15 feet of 
this system of actuator rods was pulled from the tank by heavy equipment 
sometime between 1986 and 1988 . The tank was constructed of ASTM A-7-52T , 
carbon steel , which is s imi l ar t o ASTM-A36 (reference: Drawing H-2-2563 , 
see Appendix A) . The top of Tank 241-CX-72 is presently buried 13.71 feet 
be l ow grade (Grade elevation= 682.96, reference : Drawing H-2-2554 , see 
Ap pendix A.) 

The tank is set inside a caisson which is a cyl i nder fabricated from 
1/ 2 inch carbon steel plate. The caisson is 6 feet in diameter and 35 feet , 
8 i nches long. The bot t om of the caisson is a 12 inch thick reinforced 
concrete plug which is supported by re i nforcing bars welded to t he i nside of 
t he caisson (re fe rence : Drawings H-2-4 42 2 and H-2- 44 23 , see Appendi x A). 
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Figure 4-1. h Location of Tank 241-CX-72. Plan of 200-E Area Showing t e 
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Figure 4-2. Simp l ified Cross Sectional View of Tank 241-CX-72. 
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·Records indicate that this tank was in operation for less than one
year. In June 1974, material level measurements indicated that 73.5 inches 
of sludge and 1 inch of liquid were present in the tank. A sample of the 
liquid showed it to be a clear, light brown solution with a pH of 9.5 and a 
trace of solids. The solution contained the following concentrations of 
radionuclides: 

Pu 
u 

137cs 
89,90sr

1.13 x 10-; g/gal 
2.43 x 10- g/gal 
none detected 
4.33 nCi/gal 

In November of that same year, a level of 75.75 inches was measured. 
Sampling was then discontinued. 

In November 1976, sludge measurements and visual inspection of the tank 
indicated that no sludge was present in the tank. At this time, it was 
planned to obtain optical equipment that would allow visual inspection, 

v however this equipment was apparently never obtained. 

( 

0 

and 
Records from June 1977 

level: 
Volume 
Liquid 

5 

{gallons) 
Solid 
325 

indicate a discrepancy between the tank volume 

Levels {inches) 
Liquid Solid 
74.5 1.0 

In March of 1978, the tank was recorded as being empty. In 1986, a 
liquid level measurement confirmed that the tank was empty. Based on this 
information, the tank was decommissioned and filled with grout in 1986. 

The tank is presently believed contain a sludge layer of approximately 
ten feet in depth. The 1986 inspection failed to indicate the presence of 
sludge either because the inspection was made in the drywell, or the dryness 
of the sludge made it appear as if the tank was empty. 

In the fall of 1988, ojutron and gamma measurements were taken from 
within the 3 inch drywe11{2 . These neutron and beta/gamma measurements 
indicated the presence of transuranium isotopes. The radiation exposure 
rate measured at a location 47 feet below grade in the tank·drywell is 476 
R/hr, at the 38 foot level the exposure rate is 168 R/hr, from there to 
grade level, the exposure rate drops off rapidly to 0.0006 R/hr. Presently, 
it is believed that the sludge layer contains sufficient quantities of 
transuranic material such that the contents of the tank may have to be 
classified as TRU. 

In the spring of 1989 additional radiation measurements from within
the drywell were obtained{�). Gamma spectra measurements taken at 19 feet 
from the top of the riser indicated a high cesium concentration or a possible 
void in that area. 

A core sample of grout obtained within the top 2 feet of the 8-inch 
riser indicates that it is non-radioactive, and that it is of inferior 
structural strength. A penetromet�r was used to test the compressive 
strength of the grout. {The penetrometer was used because no reliable 
compressive strength tester is available at present. Earlier experiments 
concluded that penetrometer readings·could be converted to compressive 

, 
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strength values provided the material being tested has a compressive strength 
of less than 1200 psi.) The calculated compressive strengths at three 
different points on the face of grout sample were all less than 1000 psi 
(520, 923, and 945 psi). The grout crumbled into 3/8 inch and smaller pieces 
when removed from the sample tube. These results are consistent with the 
delivery specification for the grout (100 to 350 mesh sand with 3/8 inch 
aggregate, and a 3:1 sand to cement ratio, and a slump of 8 inches) . Based 
on the specification the grout, there is no reason to suspect that it 
contains hazardous material. 

4.2.2 Characterization of the Tank Vessel 

A structural analysis of the tank assuming "new" conditions indicates 
that the lifting lug st i ffeners, lifting lug welds, lifting gusset plate 
welds, and lid to tank weld capacity exceed the gross loadl8J. However, the 
throat of the lifting lug itself is inadequate. There is a 16 fold safety 
factor in the strength of the tank walls. However, hand calculations 
indicate that the strength of the bottom may be marginal. A finite element 
computer analysis, coupl ed with an estimate of the thickness of the steel 
plate and welds, is required to determine the integrity of the tank bottom. 
Radiation monitoring of the floor of the caisson and sampling of the 
surrounding soil would provide some indication as to whether or not a leak 
had occurred, and consequently if the tank structure is of questionable 
integrity. However, if these tests yield negative results, no valid 
conclusions could be reached about the wall integrity. This tank was 
constructed of carbon steel plate in the early 1950s. There are few 
historical records of tank operations that would allow for the calculation 
of wall and weld thicknesses. For example, although the tank was originally 
designed to study the effects of caustic boiling waste, it is considered 
possible that an acidic solution may have been allowed to boil in the tank. 

4.2.3 Characterization of the Tank Contents 

NeutrQQ and gamma data were obtained via the dry well of Tank 
241-CX-72(ZJ_ The neutron measurements taken at approximately 10 feet from 
the tank bottom, indicate that mostly fast neutrons are present. Since few 
thermal neutrons are present, it can be inferred that no moderator, such as 
water, is present between the neutron source and the neutron detector. 
There are several configurations that could give rise to such observations: 
1. ) The neutron emitting material is a coating on the inner wall of the 
vessel and the material that fills the tank up to approximately 10 feet from 
the bottom is dry; 2.) The neutron emitting material is a coating only on 
the outer wall of the dry well; and 3.) There is a dry sludge in the bottom 
of the tank that contains trre neutron emitting material. 

If the neutron emitting material is a coating on the inner wall , the 
sl udge layer could only have been a dry, non-radioactive sludge that was 
present immediately prior to grouting or, in the absence of an initial sludge 
layer, grout that became dehydrated. However, any sludge would be expected 
to conta i n the same neutron emitting isotopes as those that are coated on 
the wa l l. The temperature measured at the bottom of the dry well is 
approximately 80 degrees F and would not be expected to cause dehydration 
of the grout. The first proposed configuration can be ruled out. 
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It is very unlikely that any neutron emitting material would be present 
on the outer wall of the dry well and not on the inner wall of the tank 
since the dry well and tank wall are constructed of the same carbon steel 
and were exposed to the same operational environment. For this reason, the 
second proposed configuration can be ruled out. 

Tank 241-CX-72 was originally used as an experimental tank to determine 
the characteristics of self-concentrating wastes during 1956. In June 1974, 
material level measurements indicat~d that 73.5 inches of sludge and 1 inch 
of liquid were present in the tankl ). In 1976 it was planned to pump 
several tanks dry but to leave any solid material: " ... solutions contained 
in the 361- series tanks and Tank CX-70 (Tank C-72 [sic] contains only 
sludge) will be incrementally pumped to a 5,000-gallon capacity tanker truck 
for transport to an underground storage tank .... Sludge sampling is scheduled 
for all tanks to characterize the stored contents."(IO) Later in that year, 
attempts to obtain a sample of sludge from the tank indicated no sludge was 
present: "Sampling was attempted in another location in the tank but no 
sludge was found. Sludge measurements and visy~l inspection of the tank 
indicate that there is no sludge in the tank."l 1 ) If sludge was indeed 
present, the failure to obtain a sample could be explained if the sludge was 
a very hard material. Over the course of 12 years, between 1974 and 1986, 
the material could have dried out because of internal heat generation. 
Grout added to the tank in 1986 would not have penetrated the solid layer at 
the bottom of the tank. For these reasons, the third configuration is 
considered the most likely. 

Results of a gamma spectroscopic survey at the 19 foot depth indicated 
an approximate 40% differen~e between the maximum and minimum values of the 
only isotope identified, l3 1csl 2). Similar gamma spectra could not be 
obtained at deeper locations because of high activity levels. A one inch 
diameter, one inch long cylindrical NaI(Tl) detector with a 5/8 inch window 
shielded by 1/2 inch of lead was used for these measurements. The detector 
assembly was positioned inside the 3 inch drywell located at the inside 
periphery of the tank. The maximum reading was observed with the window 
directed towards the axis of the tank while the minimum reading was obtained 
with the window directed away from the tank axis. The observed difference 
in these readings is considered a positive indication of gamma activity 
being present inside the tank because of the fairly wide field of view (103 
degrees of arc), and the fact that the lead shielding, with the window 
directed away from the tank attenuates the 137cs gamma peak by about 75%. 
It may be possible, Y§~ng a detector with narrower field of view, to 
di stinguish between Cs being present as a coating on the walls of the 
tank or drywell as opposed to the activity being present in the bulk of the 
grout. 

A core sample recently obtained from the top of the 8 inch riser is of 
poor structural integrity. This finding is consistent with the "bulk fill" 
specification for the grout. This sample was non-radioactive. 
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4.2.4 Assumptions 

The radiation measurements taken indicate that there are three distinct 
regions in the tank: The bottom 10 feet is characterized by a high neutron 
flux and few thermal neutrons; an intermediate layer characterized by a 
gradual decrease in neutron activity which is consistent with an expected 
decrease due to distance and shielding (i.e., the tank contains grout); and 
a top layer that contains little or no activity (the tank wall is relatively 
free of contamination). t 

In the absence of more solid evidence (such as a core sample) the 
following description of the tank contents was assumed: The bottom ten feet 
of the tank contains approximately 2.5 cubic met

2
�§ of a dry solid that 

holds mo�� of the TRU material (150 to 200 g of Pu is the best 
estimatel ))

4 
There is a possibility that a significant fraction of neutrons

is due to 24 Cm, which is considered non-TRU, however, there is no simple 
way to confirm this theory without a sample of the material. Based on the 
assumed similarity of these wastes to PUREX type wastes, this material is 
probably non-hazardous. However, there is a possibility that the tank was 
used to receive decontamination flush chemicals, in woi2

b case there may be 
significant quantities of hazardous materials present{ ). 

The intermediate layer consists of fairly uncontaminated grout with a 
coating of cesium on the tank walls. The upper five feet of the tank shows 
little or no radioactivity which would indicate that the cesium wall coating 
ends at this level. Based on the only grout core sample obtained to date, 
it is assumed that the bulk of the grout contains little or no radioactive 
contamination and has no structural strength. Assuming that the grout does 
not meet the criteria for being classified as TRU waste, but rather meets 
the crit�r1� for low-level waste (LLW) as defined in the waste acceptance 
criterial J, the disposal of the approximately 6.2 cubic meters of grout 
will be relatively simple. Even if this waste is classified as high-level 
waste (HLW) (but not TRU), there is provision for 200 Area disposal. Any 
grout that is retrieved that has sufficient levels of transuranic 
contamination will be packaged as transuranic waste. 

Throughout this document, the bottom stratum is referred to as the 
"sludge" layer, while the other two regions are referred to collectively as 
the "grout" layer. These terms are used subjectively and are derived from 
the origin of these layers. Moreover, the term "sludge" is commonly used 
at Hanford to indicate unprocessed settled material in tanks. The strict 
definition of the term "sludge" has connotations of a moist soft material 
(mud). However, it would be incorrect to assume that the "sludge" layer in 
Tank 241-CX-72 is a moist soft solid. 

4.2.5 Uncertainties 

There are several uncertainties that require resolution in order to 
design the preferred retrieval option: 

1. Identity of the neutron emitting mat�rlal. It is possible that
much of the neutron radiation is due to 4 Cm, which is defin€d as 
non-TRU. A sample of this layer may indicate that 244cm is present and 
may

2
ryle out the need to utilize a TRU facility. If the concentration 

of 44cm present is shown to be not greater than Class C concentrations, 
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as defined in 10 CFR 61.55, the sludge layer could b2 ~eft in place. 
If most of the neutron emitting material is in fact 3 Pu, there is 
uncertainty as to the quantity that might be present. Resolution of 
this uncertainty may permit the use of hydraulic removal techniques if 
it can be proven that there would be no possibility of a criticality 
occurring. 

2. Physical nature of the sludge layer. The hardness of the sludge 
layer can only be estimated at this point. Obtaining a core sample 
would allow a determination of the hardness of this layer, which would 
provide data necessary for assessing the feasibility of using hydraulic 
removal technology. If feasible, the data would also be used to 
properly design the hydraulic removal equipment. 

3. Chemical nature of the sludge layer. Lacking historical 
information, a sample of this layer would permit a determination to be 
made as to whether or not hazardous waste is present, and would allow 
for the design of a chemical process for removing and/or stabilizing 
the sludge layer. 

4. Physical nature of the orout layer. The solidity and cohesion of 
the grout must be determined in order to assess the feasibility of 
removing the sludge layer while leaving the grout in place. 

5. Physical nature of the tank wall and tank bottom. The structural 
integrity of the tank must be determined in order to assess the 
feasibility of removing the tank waste via sluicing, or removing the 
tank with the sludge layer intact. 

4.3 SELECTION OF THE PREFERRED OPTION 

Several options for the retrieval of the waste from Tank 241-CX-72 were 
considered prior to recommending the preferred option. The logic that was 
used to define the preferred option is illustrated in Figure 4-3. The method 
involved identifying various combinations of retrieval methods that would 
result from the outcome of six decision gates (questions). Each of these 
decision gates is discussed below. 

1.) Can sludge layer be left in place? 

Criteria to be met: 
The sludge layer must be non-TRU, not-GTCC, and non-hazardous. 

Method of determination: 
Characterization of the sludge layer. 

Discussion: 
The sludge layer may be characterized either directly or 
indirectly . Direct methods would require obtaining a core sample 
of this layer which could be analyzed by laboratory techniques to 
determine the quantity of TRU, or hazardous waste materials that 
ar e present. In the absence of direct measurement , this layer 
could be characterized by indirect methods which would require 
gamma and neutron measurements coupled with accurate data from the 
processes that generated the waste. Radiation measurements 
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Figure 4-3. General Logi c Diagram for Selection of the Preferred Method. 
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gathered to date,(2) coupled with a limited amount of process data, 
indicate that this layer contains 150 to 200 g of plutonium which 
would require the classification of this material as TRU. The 
characterization of this material as TRU is based on the assumption 
that most of the neutrons being observed are generated by p!u4onium 
(predominately as fluorides). There is a possibility that 4 Cm 
is the source for a significant fraction of neutrons, which would 
make the material non-TRU, but possibly GTCC. Direct 
characterization would be required to confirm this hypothesis, 
however. 

Based on the assumed similarity of these wastes to PUREX type 
wastes, this material is probably classified as non-hazardous. 
However, there is a possibility that the tank was used to receive 
process flushes which may have contained hazardous chemicals. 

Conclusions: 
0 Radiation measurements indicate that the sludge layer may be 

TRU. 
0 Available process data are consistent with conclusion that 

the sludge layer may be TRU. 
0 The tank may contain hazardous waste. 
0 The only way that above conclusions could be altered would 

be to obtain a sample. 
0 The sludge layer requires further characterization and 

possible removal because it may contain TRU waste. 

2.) Can grout layer be left in place? 

Criteria to be met: 
The grout must be non-TRU, non-hazardous. If the sludge layer is 
to be removed from beneath the grout layer, the grout must be of 
sufficient mechanical strength to resist the forces involved. 

Method of determination: 
Characterization of the grout layer. 

Discussion: 
The grout layer may be characterized either directly or indirectly. 
Direct methods would require obtaining a core sample of this layer 
which would be analyzed by laboratory techniques to determine the 
quantity of TRU, or hazardous waste materials that are present , 
and to determine the physical characteristics of the grout. In 
the absence of direct measurement, this layer could be characterized 
by indirect methods which would require gamma and neutron 
measurements coupled with accurate data from the processes that 
generated the waste. A core sample obtained from the top of the 
tank riser indicates that it is non-radioactive , and that it is of 
inferior structural strength. However, the characteristics of 
this sample of grout are not necessar i ly representative of the bul k. 
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Conclusions: 
O Radiation measurements indicate that the grout, taken as a 

whole, is non-TRU. 
O There was nothing added to the grout to make it hazardous. 
0 The grout is probably of weak structural integrity. 
0 The only way these conclusions could be altered would be to 

obtain a sample from deeper within the grout. 

3 . ) I s water perm i s s i b 1 e? 

Criterion to be met: 
The waste must be demonstrated to remain sub-critical under all 
circumstances. 

Method of determination: 
Characterization of the sludge layer. 

Discussion: 
In order to answer this question, the sludge layer must be 
characterized directly. Direct methods would require obtaining a 
core sample of this layer which would be analyzed by laboratory 
techniques to determine the quantity of fissionable material that 
is present. In the absence of direct measurement, it must be 
assumed that the quantity of fissionable material that is present 
would result in a nuclear excursion if water were to be added to 
the system. This would force the use of dry sampling and waste 
removal techniques up to the point at which the sludge layer is 
fully characterized. As discussed above, the plutonium content of 
the tank is probably less than 200 g, and is probably in a 
distribution such that a safe mass cannot be exceeded. It is 
therefore probable that water could be used if appropriate. 
However, direct characterization of the waste material is required 
in order to proceed with any retrieval method that uses water. 

Conclusions: 
0 If direct sampling confirms the estimate of 150 to 200 g Pu, 

and a distribution of fissionable material such that a safe 
mass cannot be exceeded, water would be permissible. 

4. ) Can a soluble poison be used [added to water for sluicing]? 

Criterion to be met: 
The waste must be demonstrated to remain sub-critical under all 
circumstances. 

Method of determination: 
Characterization of the tank contents. 

Discussion: 
WHC policy(?) provides that: "Soluble poisons shall not be used as 
the primary means of precluding criticality unless the system is 
behind a mass i ve shield. Soluble poisons may be used in unshielded 
systems as a secondary control to be operative in the event that 
the primary control mechanism is voided. In either case, the 
presence of the materials must be ensured." The poison must remain 
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soluble under all conditions. Direct characterization of the 
sludge layer (in addition to the grout layer, if the sludge layer 
is to be sluiced from beneath the grout), is required in order to 
properly specify the performance of the poison. Secondary issues 
would involve compatibility of the poison with the double shell 
tank waste. However, this is presently assumed to be a minor 
problem since, for example, boron could be used as a poison and 
the transuranic fraction of the high level waste will be vitrified 
in a borosilicate glass. 

Conclusions: 
0 Soluble poisons cannot be used without full characterization 

of tank contents. 
0 Soluble poison is probably not necessary since the TRU content 

is probably in a distribution such that a safe mass will not 
be exceeded, as discussed above. 

5.) Can the sludge layer be sluiced? 

Criteria to be met: 
The sludge layer must be shown to have the physical and chemical 
characteristics necessary for successful sluicing. In addition, 
the tank walls must be shown to be of sufficient structural 
integrity to withstand the sluicing pressure needed to dislodge 
the waste material. 

Method of determination: 
Direct characterization of the sludge layer plus verification of 
tank integrity. Dry well monitoring in the caisson and surrounding 
soil. 

Discussion: 
Physical and chemical characterization of the sludge layer will 
allow a determination to be made regarding the feasibility of 
sluicing this material. Neutron measurements performed recently 
indic~]~ the absence of thermal neutrons emanating from this 
layert J. It can be inferred that this material is dry, but the 
hardness of the material, and its solubility in aqueous solutions, 
cannot presently be estimated. A feasibility study would address 
such concerns as the material hardness, and solubility in water, 
acidic or caustic solutions. Characterization of the tank wall 
integrity is required to verify that the tank will not leak aqueous 
transuranic solutions. Radiation characterization of the floor of 
the caisson and surrounding soil would indicate whether or not a 
leak had occurred, and consequently that the tank structure is of 
questionable integrity. However, if these tests yield negative 
results, nothing could be concluded about the wall integrity. 
This tank was constructed of carbon steel plate in the early 1950s. 
There are few historical records of tank operations that would 
allow for the calculation of wall and weld thicknesses. For 
example, although the tank was originally designed to study the 
effects of caustic boiling waste, it is possible that an acidic 
solution may have been allowed to boil in the tank. If shown 
feasible in the laboratory, a full scale sluicing process may be 
properly designed. 
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Conclusions: 
O The sludge layer is composed of a dry material. 
0 The hardness, and water solubility of the material are 

unknown. 
O There is no reliable chemical process data that would allow 

an estimation of the chemical and physical properties. 
0 Chemical and physical characterization of sludge layer, plus 

a determination of tank integrity are required to proceed 
with a retrieval process that utilizes sluicing. 

6.) Can the tank be lifted? 

Criterion to be met: 
The tank must be shown to be of sufficient structural integrity to 
withstand the stresses needed to remove the tank. 

Method of determination: 
Structural analysis of the tank assuming "new" condition of tank. 
Direct verification of tank integrity. Indirect verification by 
dry well monitoring in the caisson and surrounding soil. 

Discussion: 
A structural analysis of the tank assuming "new" conditions 
indicates that the lifting lug stiffeners, lifting lug welds, 
lifting gusset(glate welds, and lid to tank weld capacity exceed 
the gross load ). However, the throat of the lifting lug is 
inadequate. There is a 16X safety factor in the strength of the 
tank walls, however, hand calculations indicate that the strength 
of the tank bottom may be marginal. A finite element computer 
analysis, coupled with an estimate of the thickness of the steel 
plate and welds, is required to determine the integrity of the 
tank bottom. Radiation monitoring of the floor of the caisson 
and surrounding soil would indicate if a leak had occurred, and, 
consequently, that the tank structure is of questionable integrity. 
However, if these tests were to yield negative results, no 
conclusion could be drawn concerning the wall integrity. This 
tank was constructed of carbon steel plate in the early 1950s. 
There are few historical records of tank operations that would 
allow for the calculation of wall and weld thicknesses. For 
example, although the tank was originally designed to study the 
effects of caustic boiling waste, it is possible that an acidic 
solution may have been allowed to boil in the tank. 

Conclusions: 
0 Structural calculations performed to date indicate that the 

lifting lugs are not adequate for lifting the tank in its 
present (full) condition. 

0 Verification of the integrity of the tank bottom is required 
to make a final determination as to whether or not the tank 
can be lifted. (A sample of dry well or actuator rod to 
analyze for corrosion may be acceptable). 

0 A reduction in the net weight of the tank may allow the tank 
to be lifted. 
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The best available information about the tank and its contents allows 
the elimination of several paths on the logic diagram. As shown by the bold 
l ines in Figure 4- 4, the remaining pathways and associated options are 
derived from the following conclusions: 

1.) The sludge needs to be removed since it probably contains high 
concentrations of TRU material. 

2.) The sludge layer cannot be removed from beneath the grout since 
the grout probably does not have the necessary cohesion and 
solidity to remain in place. 

3.) Water wi l l probably be found to be permissible (from a criticality 
prevention perspective) once the sludge layer is characterized. 

4.) The avai l able information concerning the condition of the tank and 
the characteristics of the sludge make it impossible to select the 
preferred option for sludge retrieval. Analysis and inspection of 
the tank coupled with characterization of the sludge layer wil l 
resolve these issues. 

The preferred option , described in detail in Section 5, while not shown 
explicitly on the l ogic diagram, is a linear combination of available 
options. The preferred option will be performed in a phased sequence that 
is considered to be a prudent approach to the problem. 

5.0 RECOMMENDED SAMPLING AND DECOMMISSIONING METHOD 

The current configuration of Tank 241-CX-72 prevents direct 
characterization of the tank and its contents in an economical manner. 
Without these characterizations, it is impossible to fully define a safe and 
effective means for retrieval of the waste and stabilization of the area. 
The prudent course of action is considered to be one that would allow 
economical characterization of the tank and contents and retrieval of the 
sludge material in a manner that maintains safety, preserves the state of 
the environment, and allows for the eventual closure of the site. The 
recommended approach is a three phase process. Phase 1 will effectively 
return the tank to its pre-1986 configuration by removal of most of the 
grout layer. Phase 2 allows for the characterization of the sludge , and the 
tank. At this point, a final retrieval method will be des igned and 
impl·emented. Phase 3 will be the process that is used to remove the sludge 
and to stabilize the site. · 

5.1 GENERAL DESCRI PTION 

The first phase of the preferred method is depicted in Figure 5-1. 
Prior to the actual retrieval process, the structural integrity of the tank 
will be studied to the greatest extent possible. For example, it may be 
feasible to ultrasonically test the drywell wall and extrapolate these 
res ults to estimate the extent of corrosion of the tank walls. (Visual 
inspection of the tank wall, as the grout is being removed, will also be 
performed.) A mi nimum of 3 soil samples taken around the outside of the 
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Phase 1 of the Proposed Method of Sampling and 
Decommissioning of Tank 241-CX-72. 
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caisson, and extending below the caisson bottom will be used to assess the 
caisson for leakage. 

Installation of a temporary 10 foot diameter caisson, extending from 
the present grade level to the top of 241-CX-72 will provide access to the 
top of the tank. A temporary enclosure with exhaust filtration will be 
placed above the excavation. The exhaust will be filtered through a two
stage High Efficiency Particulate Air (HEPA) filter configuration to protect 
the environment from radioactive contamination. After removal of the tank 
lid, the annulus between the caisson and tank will be inspected for tank 
leakage by swabbing the outer wall of the tank and checking the swabs for 
radioactive contamination . Most of the grout will be removed from the tank 
through dry mining techniques. A cap of grout, a few feet thick, will be 
left on top of the sludge layer to ensure that none of the sludge layer is 
removed during this phase. Continual monitoring of the ventilation exhaust, 
coupled with periodic sampling of the grout as it is retrieved, will ensure 
that none of the radioactive sludge is removed. The samples will also be 
used to determine if the grout contains hazardous materials. Drilling and 
vacuum methods will comprise the primary grout removal technique. The 
r emoved grout will be sampled, analyzed, and disposed of in accordance with 
exis ting solid waste packaging and disposal requirements( 3). At this point, 
temporary water proof and shielded covers will be placed over the tank and 
caisson to maintain the condition of the tank and the temporary caisson and 
to reduce the need to ventilate and monitor the tank. 

Upon completion of Phase 1, Phase 2 will commence with the removal of 
core samples of the sludge as discussed in Section 5.1.3. Further inspection 
and analysis of the exposed tank wall will be performed, if necessary. The 
sludge samples will be characterized for its chemical and radioactive 
constituents, as well as its physical properties. 

Based on the integrity of the tank and the physical and chemical nature 
of the sludge, the sludge retrieval process will be developed. The retrieval 
system will center on the use of dry mining techniques, water sluicing, or a 
combination of the two. Sludge retrieval may be performed with the tank in 
place or with the tank removed from the caisson and transported to an existing 
facility (such as T-Plant). The process for sludge removal and site 
stabilization will be implemented at this point. 

Phase 3 will involve the actual process of sludge removal and site 
stabilization. If the sludge layer is mined from the tank, TRU drums will 
be used for packaging the material , ln accordance with existing solid waste 
packaging and disposal requirements( 3). If sluiced , the material will be 
sent to a double shell tank. After the tank contents have been removed and 
tank cleanliness (less than 100 nCi/g) verified, the empty tank (or caisson, 
if the tank is removed) will be filled in place with sand. The area will 
then be backfilled to grade level. 

5.1 . 1 Preferred Grout Retrieval Method - Auger/Airlift 

The preferred method of grout retrieval is to gradually break up the 
grout and to airlift the material into approved burial containers, as shown 
in Figure 5-2. Alternative grout retrieval methods were considered and are 
discussed in Section 6.2. 
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A hammer type of drilling rig is currently being designed. The 
performance specification was prepared by WHC and Kaiser Engineers Hanford 
(KEH) is preparing the bid specification. The drill rig consists of a truck 
mounted tower with a cable suspended hammer drill (gravity drop) and an 
airlift mechanism for transferring the drilled media through a cyclone 
separator and then into 55 gallon drums. The air being discharged from the 
cyclone enters a HEPA filtered containment box which collects the light 
weight fines. 

A system similar to the one described above can be used on this project. 
However, in order to preserve the integrity of the tank, the use of an auger 
bit is preferred over the hammer drill. Radiation protection technologists 
(RPTs) will monitor all of the activities required to remove the grout. In 
particular, the material removed from the tank will be monitored for high 
levels of radioactive contamination. The proposed method of grout removal 
is outlined below: 

1.) Soil would be excavated from the surface level to the top of the 
tank. A 10 foot diameter x 15 feet long caisson, extending from 
the surface level to the top of the tank, would be installed. A 
weather tight containment building (greenhouse) with a concrete 
floor would be installed with the floor sealed to the caisson 
extension. An exhauster with HEPA filtration system capable of 
exchanging the air a minimum of six times per hour would be a 
component of the containment building. 

2.) After verifying that no combustible material or gases are present , 
a torch would be used to cut a 38 inch diameter hole in the cover. 
The two risers and that portion of the drywell that extends above 
the top of the tank cover would be removed. Dip tubes and other 
lines that extend out of the tank cover would be cut and capped. 

3. ) An auger will be used to drill a series of holes 1 foot in diameter 
x 20 feet deep in the grout. This action will loosen and break up 
the grout. 

4.) A flexible boot seal, for contamination control, will be installed 
to the top of the caisson from the concrete floor. 

5.) The grout airlift, which consists of a pipe with an air jet, will 
be installed through the flexible boot/ seal. This device will be 
used to lift the loosened grout. In order to ensure contamination 
control, the airlift device will be designed and operated so that 
a slight negative pressure is maintained within the tank, discharge 
pipe, and grout collection vessels. 

6.) The grout will be removed in four foot increments. A cyclone 
separator will remove the bulk of the solids from the air stream 
and deposit them into 55-gallon waste drums. The air being 
discharged from the cyclone separator will fl ow i nto a sealed 
burial box fitted with HEPA filters. 

7.) After the grout has been removed, the tank and temporary caisson 
will be sealed with removable shielded cover s. 
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There are two primary advantages to the method outlined above: 

I.) The grout can be removed from the tank and deposited into burial 
containers with a self contained system. 

2.) The equipment is relatively simple, readily available, and is 
adaptable to onsite drilling rigs. 

The one major disadvantage to such a method is the possibility of an 
accidental discharge to the environment. Operation of the system at a slight 
vacuum will be necessary to prevent this from happening. 

5.1.2 Grout Sampling 

A sample of grout, which is representative of the bulk of the grout, is 
required prior to definitive design of the grout retrieval equipment (Phase 1 
of the recommended retrieval method). This sample would be used to 
characterize the grout for structural stability, chemical and radiochemical 
contents, and other pertinent physical parameters. A core sample taken IO 
feet below the tank lid should be adequate for this purpose. 

It is desirable to use existing proven drilling equipment for retrieving 
core samples. Liquid lubricant drilling coolants cannot be used until a 
criticality analysis has determined that the sludge does not contain a 
fissionable quantity of material. 

5.1.3 Sludge Sampling 

5.1.3.1 Criteria for Sludge Sampling. Sampling shall be performed in 
accordance with the requirements of the EPA and WDOE. A minimum of two core 
samples is recommended to estimate chemical concentrations and also provide 
an estimate of the error. This error is composed of the sampling error, the 
analytical error, and that due to sludge heterogeneity. One core sample is 
adequate to estimate the sampling error and analytical error. However, a 

� second sample is required to estimate the error due to sludge heterogeneity. 

It is desirable to use existing proven equipment for sample core 
drilling. Liquid lubricant drilling coolants shall not be added to the tank 
contents while core drilling for samples until a criticality analysis has 
determined that the sludge does not contain a hazardous amount of fission 
material. 

In order to minimize the risk of spreading radioactive contamination or 
hazardous materials, the length of time the tank is open to the environment 
should be minimized. 

5.1.3.2 Recommended Method for Sludge Sampling. With some modification, the
existing drilling procedure 14) should be adequate for this application. A 
vertical core sample of the sludge will contain approximately six 19-inch 
segments. It is recommended that the chemical .analyses be performed on each 
homogenized segment. A minimum of two sample cylinders will be taken from 
the lower (sludge) portion of the tank. 

Several sampler types were evaluated for applicability to sampling the 
sludge in the tank. It is quite probable, however, that no single sampler 
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will be able to complete the entire task. What follows is a general 
discussion of the suitability of the various sampler to specific types of 
materials. 

One Inch Rotary Valve Sludge Sampler 

The One Inch Rotary Valve Sludge Sampler (shown on Drawing 
H-2-91685 in Appendix A), is currently used at Hanford to sample moist
sludges. The sampler consists of a stainless steel barrel with a plug
valve in the lower end. When the sample tube is full, a piston-rod
assembly, mounted inside the barrel, pulls on a cable system that closes
the plug valve. After closing the valve, the piston rod is designed
to shear a pin with the application of a 40 pound tensile force. This
sampler is being redesigned (as shown on Drawing H-2-99316, in Appendix
A) but will function similarly to the old design.

The solid core sampler is best suited to sampling moist sludges, 
however, it may be capable of extracting dry samples that range in 
coarseness from powders to small chunks. The main impediment to 
retrieving a sample of powdery or gravely material is that the drill 
string has little ability to remove drilling fines by itself. Normal 
paraffin hydrocarbon (NPH) is generally used to keep the sampling area 
clear of contaminants when the sample tube is removed. The NPH serves 
to balance the hydrostatic head in the drill string so that when a 
loaded sampler is pulled out prior to the insertion of an empty sampler, 
sludge does not fill the drill string. However, until the sludge in 
241-CX-72 is characterized, hydrogenous material, such as NPH, cannot
be added to the tank. One method to overcome this problem is to replace
the rotating drill bit that is currently used with a drive shoe. The
drill string would then be driven without rotation.

For relatively hard materials, a rotating bit is required. Flutes 
could be added to the drill string to carry away the fines. This 
approach was quickly tried on Tank 109-SX with limited success. Outside 
of the fact that the drill may suffer from a limited ability to remove 
the fines, the sampled material would be pulverized by the sampler 
itself, since the sampler rotates with the drill string. Bearings 
could be used so that the sampler remains stationary with respect to 
the sludge. However, the bit tends·to wander, radially, and a means of 
keeping the bit centered would have to be devised. 

The main difficulty in retrieving a sample of dry material with 
this device is the ability to close the valve. If the valve does not 
close completely, some, if not all, of the sample will be lost. Larger 
size chunks may more readily bridge the opening and thus a larger volume 
of this type of material would be expected to be retained than a powdery 
material. A very hard material that does not break into chunks would 
not be expected to be held by the sampler at all, since the plunger rod 
shear pin will break when a force exceeding 40 pounds is applied to the 
plunger, and the valve would not be expected to shear the sample with 
this small a force. This sampler could be modified by eliminating the 
plug valve and using, in its place, a different style end core catcher 
assembly. 

Depending on the nature of the sludge, the solid core sampler 
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could be used to retrieve a sample. However, modifications to the 
sampler could be quite extensive. 

Split Tube Sampler 

The main feature of the split tube sampler (shown on Drawings 
H-2-91497 and H-2-91498 in Appendix A) is a sample barrel that is split
into two pieces along its length. The pieces of the barrel are held
together by caps that are screwed on to each end. The split tube
sampler is best suited for sampling loose solids. Whereas the
laboratory retrieves the sample from the solid core sampler by
extrusion, the sample from a split tube sampler is retrieved simply by
removing the end caps and removing one of the tube sections. The split
tube sampler is actually the predecessor to the solid core sampler
discussed above. The solid core sampler was devised because the split
tube sampler would not retain free liquids. The split tube sampler is
less suited to recovery of solid samples since it can withstand less
force than the solid core sampler. The split tube sampler would require
minor modifications in order to be used. The quadra latch assembly
would require the machining of serrations (similar to those used on the
solid core sampler) and the addition of some holding lugs on the tube
so that the manipulators used in the laboratory could grip the tube for
disassembly.

Salt Cake Sampler 

The salt cake sampler is currently being developed specifically 
for the purpose of sampling salt cake in single shell tanks. The 
sampler will feature a bit that cuts a smaller annular dimension (kerf), 
and consequently generates less drill fines, than the current solid 
core sampler. The drill will possibly have flutes to carry the fines 
away from the bit. The sampler will be redesigned to receive the 
slightly larger core diameter and will use a closure that will trap 
both solids and some liquids. A working model of this sampler is 
expected to be available by January of 1990. However, there may be as 
much as another 6 months of work to have the sampler fully operational. 

Of the various samplers that will be available, the salt cake sampler 
would be the most appropriate choice. The drill is being designed 
specifically to penetrate hard cake and will not require a liquid to remove 
fines. The drill that is used for the other two samplers is probably less 
than adequate to penetrate the hard cake. Disregarding the probable 
difficulties of drilling, the split tube sampler would be preferable over 
the solid core sampler, because the sample holding mechanisms that are 
available are more suited to the task than the plug valve on the solid core 
sampler. 

Other than the fact that it would be more costly, there are no technical 
obstacles to attempt sampling of the sludge prior to retrieval of the grout. 
The sludge layer could be accessed by first drilling through the grout using 
a commercially available auger or rock grinder. 
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5.1.4 Sludge Retrieval Methods 

Because of uncertainties as to the exact nature of the sludge and of 
the tank integrity, a final sludge retrieval method cannot be specified at 
this time. However, several methods to retrieve the sludge were considered 
to be feasible and are discussed below. The alternatives discussed here 
were developed primarily for the purpose of placing bounds on the cost 
estimate for Phase 3. The applicability of each method will be assessed 
during Phase 2. 

5.1.4.1 Dry Retrieval of Sludge. The following conditions are assumed: the 
grout has been removed from the tank; and the sludge is hard, similar to 
concrete. A truck mounted Longyear 44 drilling rig, with rock drilling bits 
would drill a series of holes into the sludge. As shown in Figure 5-3, 
expandable balloon type devices would be installed into one-third to one-half 
of the holes. These balloons would then be pressurized with air and the 
expansion would cause the sludge to be broken into chunks. 

The chunks of sludge would be reduced in size using an enclosed screw 
auger with an airlift, and placed into appropriate burial containers. As 
shown in Figure 5-4, the encased auger would consist of an auger surrounded 
by a containment housing. A vacuum system would be used to lift the loosened 
sludge from around the auger and blow it through a system similar to that 
shown in Figure 5-2. The concrete burial box, which would be sealed, would 
have HEPA filters mounted in them to filter the air that would be discharged 
from the boxes. After filling, the burial boxes would sealed for disposal. 

5.1.4.2 Wet Retrieval of Sludge. The following conditions are assumed: the 
grout has been removed from the tank; the tank is structurally sound and 
does not leak; the sludge has been analyzed and it is shown that there is no 
potential for nuclear criticality; and the sludge possesses the necessary 
chemical and physical properties for sluicing. Wet removal of sludge may be 
accomplished: 1.) with the tank in-place; 2.) with the tank removed and 
lifted above the caisson into a shielded area; or 3.) with the tank removed 
from the caisson, sectioned (cut) and moved to the T-Plant canyon. 

As shown in Figure 5-5, a high pressure water spray would be used to 
break up the sludge within the tank. The slurry would then be mixed with 
caustic, to raise the pH of the slurry as required by Tank Farm 
specifications, and then sluiced out of the tank into a double shell tank. 
Provided in Figure 5-6 is a schematic diagram of the sluicing equipment. 

5.1.4.3 Tank Removal. The following conditions are assumed: the grout has 
been removed from the tank; and the tank has been proven to be structurally 
sound for lifting. The tank would be removed from the caisson and placed 
into a shielded disassembly structure, as shown in Figure 5-7. The sludge 
would then be hard rock mined, sluiced or sectioned without the concern of 
the tank being ruptured. 

The tank could also be sectioned (cut) to a shorter length and sealed. 
It would then be placed into a shielded container and transported to T-Plant 
for sludge removal and tank disposal, as shown in Figure 5-8. 
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Figure 5-3. Expandable Balloon for Fracturing Sludge. 
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Fi gure 5-4. Encased Auger for Sludge Retrieval. 
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Figure 5-5 , Sheet 1. Sluice in Place Option for Sludge Retrieval. 

SLUICING 
WANO 

CAISSON 
COVER 

SEAL TOP Or TANK 
UNTIL SLUDGE HAS 
BEEN CHARACTERIZED 

PUMP 
SLUDGE TO 

SLURRY PUMP 

® 

SLUDGE 

© 

USE DRILL TO 
LOOSEN ANO BREAK 
UP SLUDGE 

CLEANUNESS 
VERIFICATION 
MONITOR 

SURVEY TO 
VERIFY SLUICED 
AREA IS CLEAN 

CX72A4 



® 

n 

- -~--- -----. 

WHC -SD-DD-ES-008 Rev O Page 40 

Figure 5-5, Sheet 2. Sluice in Place Option for Sludge Retrieval. 

/// 

I ~REMOVE TEMPORARY 
~ CONTAINMENT STRUCTURE 

I 
I 

{

SEAL TANK AFTER 
FILLING WITH SANO 

I 
I 

r----REMOVE TEMPORARY 
CAISSON ANO BACK 
FILL WITH SOIL 

FILL VOID AREA 
WITH SANO 

ENO 

CXi2A4 



0 

WHC-SD-DD-ES-008 Rev O Page 41 

Figure 5-6. Process Schematic of the Sludge Sluicing System. 
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Figure 5-7, Sheet 1. 
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Sluicing Sludge by Lifting the Tank into a Shielded Area. 
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Figure 5-7, Sheet 2. Sluicing Sludge by Lifting the Tank into a Shielded Area. 
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Figure 5-8, Sheet 1. Transfer of Tank to T-Plant for Sludge Removal. 
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Figure 5-8. Sheet 2. Transfer of Tank to T-Plant for Sludge Removal. 
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5.2 ASSESSMENT OF REGULATORY AND ENVIRONMENTAL CONSTRAINTS 

Tfgk 241-CX-72 is listed in Appendix C, page C-13 of the 11Tri-Party 
Agreement 11 l J as a hazardous waste facility scheduled for closure in 
approximately 10 to 15 years. At that time, remediation of the site will be 
performed in accordance with either RCRA or CERCLA guidelines. Presently, 
the lead regulatory agency has not been established and it is not possible 
to identify the requirements under which the final closure must be performed. 
Since the sludge was placed in this tank in th� 1950s, the tank is probably 
not within the purview of RCRA and WAC-173-303{16) since these regulations 
post-date the filling of the tank. However; if the tank is identified as a 
Solid Waste Management Unit (SWMU}, it may be subject to RCRA corrective 
action provisions under 3008(h} or 3004(u}. In such a case, however, the 
remedial action standards are less rigid than RCRA Subtitle C standards and 
they begin to resemble the CERCLA Remedial Investigation/Feasibility Study 
(RI/FS) process. 

There is no set of criteria that defines the allowable modifications to 
an operable unit prior to initiation of the RI/FS. A basic element in the 
decision making process should be whether the decommissioning activity would 
disallow or impede implementation of the final remedial actions. Actions 
such as removal of wastes, tanks, or other structures, or removal of 
contaminated media such as soils, however, generally do not hinder future 
remedial actions and can usually be undertaken prior to the ROD. 

It is considered good practice to notify appropriate agencies of actions 
that are being taken prior to a ROD in order to keep them informed and to 
provide a mechanism to respond to an action should they have any concerns. 
Good documentation should also be kept on the actions to provide data for 
incorporation into the RI/FS at a later date. Data should include 
information on the characterization and decommissioning of the unit along 
with any information that is obtained about environmental releases resulting 
from the unit. 

If contaminated soil is found around the tank, an assessment should be 
made as to whether it is better to clean up soils immediately, because 
contamination is limited, or clean up should be deferred until after the ROD 
has been obtained. 

The Regulatory Analysis Section of WHC is developing standard agency 
notification requirements and identification of the type of documentation 
that should be kept during decommissioning activities. This information is 
anticiPfjjd to be incorporated into the WHC Environmental Compliance
Manual{ during the next revision cycle. In the meantime, it is 
recommended that the Washington State Department of Ecology (WDOE) and the 
Environmental Protection Agency (EPA) be notified in writing at least 30 
days in advance of the removal of the 241-CX-72 tank or its contents. 
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5.3 ASSESSMENT OF PRINCIPAL HAZARDS AND RISKS 

No hazards and risks, other than those commonly encountered at Hanford, 
are expected. These hazards and risks include industrial accidents, loss of 
containment, loss of confinement, fires and chemical reactions, accidental 
nuclear criticality, and extrinsic occurrences that affect the 
decommissioning activity. These events will generally be controlled by a 
combination of physical barriers and administrative controls. 

There is a possibility that combustible gasses may be present (primarily 
radiolytically produced hydrogen). However, because the sludge layer is 
probably dry, hydrogen generation, if it occurs at all, would occur primarily 
within the grout layer. The grout layer is believed to contain no large 
void areas, and is quite porous. These factors should prevent the 
accumulation of significant quantities of hydrogen. 

The radiologic evaluation of the tank cont~nts, has shown that the tank 
probably contains less than 200 g of plutonium,l2J and, as such, would not 
pose the risk of nuclear criticality. It is expected that these results 
will be confirmed upon completion of the sampling and analysis of the sludge 
layer during Phase 2. 

Ory mining techniques have the inherent risk of releasing radioactive 
particulates. Water cannot be used to control dust generation within the 
tank up to the point at which the sludge material and tank have been 
analyzed. However, proper design and operation of the equipment should 
minimize the risk of releasing radioactive particulates. 

There is the possibility that the grout contains appreciable quantities 
of TRU material, especially the grout that is close to the sludge layer. 
However, the risk of handling TRU contaminated grout can be minimized by 
carefully monitoring of the grout as it is being retrieved. Additionally, 
Phase 1 operations will cease either when a significant concentration of TRU 
is detected in the retrieved grout, or when all but an approximate 2 foot 
layer of grout remains on top of the sludge layer. 

If the tank is determined to have failed, removal of the sludge via 
sluicing will be prohibited in order to reduce the potential for 
contamination release to the surrounding soil. Lifting of the tank 
containing just the sludge material also may not be feasible, depending on 
the integrity of the tank. There is, however, the risk that the integrity 
of the tank will be determined to be adequate for either sluicing in place 
or lifting, when in fact it is not. This factor, alone, may require the 
selection of a dry mining technique for Phase 3. 

Phase 1 will not require any safety analysis documentation, other than 
what is normally required for work in a radiation zone (such as a Job Safety 
Analysis). The exhausted air will be sampled and continuously monitored for 
radioactive particulate material to ensure compliance with the as low as 
reasonably achievable (ALARA) philosophy. An RPT will be required to monitor 
all materials that are removed. 
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During the planning and Phase 1, Radiological Engineering will be called 
upon to help develop comprehensive monitoring, for ALARA, and sample 
transport system plans to ensure that no personnel exposures would exceed 
acceptable levels. These plans will allow Phase 2 to be completed without 
the development of a safety analysis document (SAD) or safety analysis report 
(SAR). 

Facilities are classified as either being nuclear or non-nuclear. 
Nuclear facilities are required by the DOE to have a formal SAR prepar�� 
Nuclear facilities, as defined in the Facility Safety Analysis Manual,l a)
are those that 1.) fall into the moderate or high radioactive classes due to 
radionuclide inventories, 2.) contain liquid radioactive materials that 
could exceed permissible ground water concentrations if leaked to the 
environment, or 3.) are fissionable materials facilities. Until the sludge 
contained within Tank 241-CX-72 is properly characterized, the classification 
cannot be made. However, based on the radiation levels recently measured, 
it is assumed that the tank and its associated sludge retrieval process may 
have to be classified as a nuclear facility, and the work performed under 
Phase 3 will require a SAD or SAR. This report will be prepared in accordance 
with the requirements specified in the Nonreactor Facility Safety Analysis 
Manual. 

The DOE requires operations to be reviewed and authorized according to 
the "Hazard Classific�tiQn," and specifies the following review and 
authorization levels:ll9J 

Hazard 

High 

Moderate 

Low 

Review Level 

Field and/or Headquarters 

Operating Organization 
Field, and/or Headquarters 

Operating Organization 

Authorization Level 

Field and/or Headquarters 

Field and/or Headquarters 

Operating Organization 

Facilities are classified as posing "low," "moderate," or "high" hazard 
depending upon criteria that address onsite and offsite radiological dose 
potentials, and toxicological release in terms of onsite and offsite 
hazardous material concentration potential. Table 5-1 lists the criteria 
that are used for determining the facility hazard classification. 

Until the sludge layer and tank structure are properly characterized, 
the hazard classification cannot be assigned. Prior to the initiation of 
Phase 3, a SAR or SAD will be prepared that identifies the proper hazard 
classification and authorizations. The implementing work procedures, 
radiation work permits and other safety/environmental procedures will be 
based upon the approved SAR/SAD. 

If, after the completion of Phase 2, it is determined that the tank 
must be removed, there are three options available for transporting the 
tank: 1.) transportation of the empty tank as a self container; 2.) use of 
a failed equipment container; 3.) use of a container specifically designed 
and fabricated for transport of the tank. All three of these options will 
require the modification of an existing Safety Analysis Report for Packaging 
(SARP) or the preparation of a new SARP. · In the worst case, that of 
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Table 5-1. Facility Hazard Classification Criteria. 

Hazard 
Classification 

Maximum Individual Consequences* 

Onsite Offsite 

LOW - Could produce negligible impact to offsite environment. 

Radiological: 

Toxicological: 

i5 rem 

iSTEL 

i0.5 rem 

iTLV-TWA 

MODERATE - Could produce considerable impact to the onsite environment. 

Radiological: 

Toxicological: 

>5 rem, but i25 rem 

>STEL, but i0.5 PG 

>0.5 rem, but iS rem 

>TLV-TWA, but iSTEL 

HIGH - Could produce significant levels of ground contaminations beyond the 
site boundary as a result of radioactive or toxic material releases. 

Radiological: 

Toxicological: 

>25 rem

>0.5 PG

>5 rem

>STEL

* Radiological criteria are expressed in terms of Effective Dose
Equivalent (EDE). The corresponding organ dose equivalents are three 
times the EOE for the lens of the eye and ten times the EOE for all 
other organs. Toxicological criteria are abbreviated as follows: STEL 
- Short Term Exposure Limit; TLV - Threshold Limit Value; TWA -
Time-Weighted Average. These terms are defined in Appendix A of the
Nonreactor Facility Safety Analysis Manual.
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preparing a new SARP, document issuance normally requires 9 to 12 months. 
If it is determined that the tank and sludge layer must be transported to a 
facility, it is assumed that a new package would be designed and fabricated 
and a new SARP would be required. 

5.4 COST ESTIMATE AND SCHEDULE 

Engineering, construction, and installation costs for Phases 1 and 2 of 
this option will be approximately $836,800. Phase 3 will cost between 
$277,900 and $713,500. The details of these cost estimates can be found in 
Appendix C. In addition to the costs listed above, funding to support the 
implementation of the preferred option would amount to $281,300. The details 
of this support funding are provided in Table 5-2. The total cost for 
completing the sampling and decommissioning of Tank 241-CX-72 would be 
between $1,396,000 and $1,832,000. 

As shown in Figure 5-9, the minimum time required to complete 
decommissioning of Tank 241-CX-72 is 33 months. This schedule arbitrarily 
begins at the start of Fiscal Year 1990, and assumes optimum funding and 
completion of tasks. A more conservative schedule, which assumes longer 
times for task completion, is also shown in Figure 5-9. This pessimistic 
schedule requires 48 months to complete all tasks. Annual funding levels, 
which correspond to the optimistic schedule and the most expensive sludge 
retrieval option (removal of the tank and transfer to T-Plant for 
processing), are provided in Table 5-3. 

The optimistic schedule shown in Figure 5-9 is constrained by the fact 
that sludge sampling and analysis is completed after grout retrieval. Early 
sampling of the sludge layer would add approximately $79,000 to the total 
cost. However, as shown in Figure 5-10, early sampling could shorten the 
schedule by as much as 10 months since the sludge retrieval equipment could 
be designed and fabricated concurrently with the sludge retrieval step. An 
estimate of the annual funding levels corresponding to this schedule is 
provided in Table 5-4. 



CO' 

! 

..c, 

0 

� 

-

� 

WHC-SD-□D-ES-008 Rev 0 Page 51 

Table 5-2. Expense Support Costs for Sampling and Decomnissioning of Tank. 

Description 

Exempt Nonexempt 
----------------- -----------------

Hours Rate* Hours Rate* 
Other Total** 
($ K) ($_Kl 

Totals 
($ K) 

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

GENERAL INSTALLATION SUPPORT 

I.I QA "" 

2. Maintenance Plan
3. Operability Test Procedure Prep
4. Project Plan

SUBTOTAL GENERAL SUPPORT 

SAFETY/ENVIRONMENTAL DOCUMENTS '·! '"''"'"""''' ''''"'''""2. State/Federal Pennits 
3. Safety Analysis Report 
4. Criticality Safety Analysis

SUBTOTAL SAFETY/ENVIRONMENTAL 

OPERATING TECHNICAL DOCUMENTS 
l.) Operating Procedures 
2.) Criticality Specifications 
3.) Maintenance Procedures 
4.) Manuals 

Radiation Work Permits 
Emergency 
Accident Prevention Standards 

5.) Sampling and Analysis Procedures 

SUBTOTAL OPERATING DOCUMENTS 

TRAINING/OPERABILITY TESTING 
l.) Training Plan Manual 
2.) Training Manuals 
3.) Operating Documents Support 
4.) Trainin� Personnel Support
5.) Operabi ity Testing and 

Personnel Training 

SUBTOTAL TRAINING 

TOTAL EXPENSE COSTS 

80 43.74 20 21.22 4.5 
80 43.74 20 21.22 4.5 

160 43.74 80 21.22 9.9 
240 43.74 20 21.22 12.5 

31.3 

480 43.74 80 21. 22 25.9 
80 43.74 20 21.22 4.5 

1920 43.74 369 21.22 104.7 
80 43.74 27 21.22 4.6 

139.7 

160 43.74 120 21.22 10.9 
80 43.74 13 21.22 4.3 
80 43.74 60 21.22 5.4 

120 43.74 40 21.22 7.0 
120 43.74 40 21.22 7.0 
80 43.74 20 21.22 4.5 

160 43.74 80 21.22 9.9 

48.9 

160 43.74 27 21. 22 8.6 
160 43.74 36 21. 22 8.8 
160 43.74 160 30.26 13.5 
160 43.74 20 30.26 8.7 
160 43.74 400 30.26 21.8 

61.4 
::s:s�=== 

281.3 

* - Hourly Rates based on FY 1989 Equivalent Labor Rates dated 4/10/89 and include 18.3% for
overhead, 18.5¼ for general and administrative, and 6.6% for service assessment .

...,. Total includes a Realization Factor of 87.7% 
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Figure 5-9. Preliminary Schedule for the S�pl ing ilnd Decomnissioning of Tank 241-CX-72. 
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Table 5-3. Yearly Fund ing Levels Assuming Optimistic Schedule and FY 1991 Sludge Sampling . 

Fiscal Year 
1990 1991 1992 1993 1994 TOTAL 

---------- ---------- ---------- ---------- ---------- ----------
PHAS ES 1 AND 2: 

1.) Characterize sludge 103,160 103,160 
2.) Verify tank integrity 17,000 17,000 
3.) Ver ify caisson integrity 8,000 8,000 
4. ) Excavation 20,600 20,600 
5. ) Containment Building 39,800 39,800 
6. ) Grout Mining Equipment 76,000 76,000 
T . ) Reseal tank after taking sludge samples 2,000 2,000 
8 . ) Burial / Storage Containers 30,000 30,000 
9.) Waste Transportation 1,600 1,600 

Civil Engineering (25%) 74,540 74,540 
Mechanical Engineering (40%) 119,264 119,264 
G & A/ CSP (26%) 127,911 127,911 
Contingencies (35%) 216,956 216,956 

PHASE 3: 
10 . ) Containment bu i lding 158,000 158 ,000 
11.) Deconmission ing equipment 30,600 30,600 
12.) Deconmission tank 65,600 65,600 

Ci vil Engineering (25¼) 42,367 21. 183 63,550 

~ 
Mechanical Engineering (4 0%) 67 , 787 33,893 101. 680 
G & A / CSP (26%) 54,526 54,526 109 ,052 
Contingencies (35%) 92,484 92 , 484 184 ,969 

C> 

SUPPORT COSTS: 
GENERAL INSTALLATION SUPPORT 

1.) QA Plan 4,474 4,474 
2. l Maintenance Plan 4,474 4,474 
3. Operab ility Test Procedure Prep 9,916 9,916 
4.) Project Plan 12,454 12,454 

SAFETY/ENVIRONMENTAL DOCUMENTS 
1. ) Environmental Evaluation 25,876 25,876 
2. ) State/Federal Permits 4,474 4, 474 
3.) Safety Analysis Report 34,894 34 ,894 34,894 104,683 
4. ) Criticality Safety Ana lysis 4,635 4,635 

OPERATING TECHNICAL DOCUMENTS 
1. ) Operating Procedures 10,884 10,884 
2. ) Critical ity Speci fi cat ions 4,313 4,313 
3.) Maintenance Procedures 5,442 5, 442 
4.) Manuals 

Radiation Work Permits 6,953 6,953 
Emergency 6,953 6,953 
Accident Prevent ion Standards 4,474 4,474 

5. ) Sampling and Analysis Procedures 9,916 9,916 

TRAINING/OPERABILITY TESTING 
1.) Tra ining Plan Manual 2,875 5,750 8 ,525 
2.) Training Manuals 2,947 5,894 8,841 
3.) Operating Documents Support 4,500 9,000 13,501 
4. ) Trai ning Personnel Support 2,890 5,780 8,670 
5.) Operability Testing and 7,261 14, 521 21,782 

Personnel Training 

896,570 363. 907 571. 146 1,331.623 

.· 

J 
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figure 5-10. Preliminary Schedule for the Sampling and Deconmissioning of Tank 241-CX-72, with Early Sludge Characterization. 
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Table 5-4. Yearly Funding Levels Assuming Optimistic Schedule and FY 1990 Sludge Sampl ing . 

PHASES 1 AND 2: 
1.) Characterize sludge 
2.) Verify tank integrity 3.l Verify caisson integrity 
4. Excavation 
5. Containment Building 
6.) Grout Mining Equipment 
7. ) Reseal tank after taking sludge samp les 
8 .) Burial/Storage Containers 
9.) Waste Transportation 

Civil Engineering (25%) 
Mechanical Engineer ing (40%) 
G & A/ CSP (26%) 
Contingencies (35%) 

PHASE 3: 
10 .) Containment building 
11 . ) Decommissioning equipment 
12.) Decommission tank 

Ci vi l Engineering (25%) 
Mechanical Engineering (40%) 
G & A / CSP (26%) 
Conti ngenc ies (35%) 

SUPPORT COSTS: 
GENERAL INSTALLATION SUPPORT 

1.) QA Plan 
2. ) Maintenance Plan 
3. ) Operability Test Procedure Prep 
4. ) Project Plan 

SAFETY/ENVIRONMENTAL DOCUMENTS 
1. l Environmental Evaluat ion 
2. State/Federal Permits 
3.) Safety Analysis Report 
4.) Cr iti ca li ty Safety Analys is 

OPERATING TECHNICAL DOCUMENTS 
1. ) Operat ing Procedures 
2. ) Crit ical ity Spec ifications 
3.) Ma intenance Procedures 
4. ) Manuals 

Radiation Work Permits 
Emergency 
Acc ident Prevention Standards 

5. ) Sampling and Ana lysis Procedures 

TRAINING/ OPERABILITY TEST ING 
1. ) Training Plan Manua l 
2. ) Training Manuals 3.l Operating Documents Support 
4. Training Personnel Support 
5. Operability Testing and 

Personnel Training 

1990 

131,445 
17,000 
8,000 

20,600 
39,800 
76,000 
2,000 

30,000 
1,600 

81,611 
130,578 
140,045 
237,538 

158,000 
15,300 
32,800 

63,550 
101, 680 
54,526 
92,484 

4,474 

12,454 

25,876 
4,474 

34,894 
4,635 

9,916 

1991 

15 ,300 
32 ,800 

54,526 
92. 484 

4,474 
9,916 

69,789 

10, 884 
4,313 
5,442 

6,953 
6,953 
4,474 

8,625 
8,841 

13,501 
8,670 

21. 782 

Fiscal Year 
1992 1993 1994 TOTAL 

131. 445 
17, 000 
8,000 

20,600 
39, 800 
76, 000 
2, 000 

30, 000 
1. 600 

81,611 
130,578 
140, 045 
237,538 

158, 000 
30,600 
65 ,600 

63 .550 
101. 680 
109, 052 
184,969 

4,474 
4,474 
9,916 

12 ,454 

25, 876 
4, 474 

104 ,683 
4,635 

10, 884 
4, 313 
5,442 

6,953 
6, 953 
4,474 
9.916 

8, 625 
8,841 

13,501 
8,670 

21. 782 

========== ========== =======-== ==-------= ---------- ----------
1. 531. 282 379 ,727 l, 911. 009 
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5.5 REASONS FOR SELECTION 

The retrieval option outlined in section 5.1.1 accounts for the fact 
that the sludge and tank must be characterized in order to resolve safety 
and environmental concerns, and to allow for the design of a process that 
will successfully retrieve the sludge. As the grout is being removed, the 
integrity assessment of the tank can also be performed. 

The preferred method will essentially return the tank to the pre-1986 
condition. Thus, by selecting the proposed three-phase approach, several 
alternatives for retrieval of the sludge can be considered, and the preferred 
method for implementing Phase 3 can be optimized. 

6.0 ALTERNATIVE SAMPLING ANO DECOMMISSIONING METHODS 

This engineering study was commissioned to develop alternatives and 
recommend a preferred method for proceeding with waste sampling and 
decommissioning of Tank 241-CX-72. Sections 5.0 proposes the recommended 
course of action for decommissioning the tank. This section discusses 
several alternatives that, while they were considered feasible, are not 
recommended due to either high cost of implementation or to the uncertainty 
of the condition of the tank and its contents. Other decommissioning methods 
that were not considered feasible, are described briefly in Appendix D. 

6.1 ALTERNATIVE DECOMMISSIONING METHODS - GENERAL DESCRIPTIONS 

6.1.1 Alternative A - Mine Entire Contents (Ory Process) 

6.1.1.1 Description. This method would involve removing both the grout and 
sludge from the tank using mining equipment. As shown in Figure 6-1, this 
option would be similar to the recommended method in that it would involve 
three phases of activity. However, there would be no design stage as part 
of Phase 2, and rock drilling equipment would be used to break up the sludge 
layer. Specification of rock drilling equipment is based on conservative 
assumptions as to the nature of the sludge. Until the sludge layer is fully 
characterized, a moderator, such as water, cannot be introduced into the 
system. Using the assumption that the sludge layer is very hard, a mining 
system capable of cutting through the sludge layer would be required for 
implementation of Phase 3. 

As in the case of the preferred option, prior to grout retrieval, the 
structural integrity of the tank will be studied to the greatest extent 
possible. For example, it may be feasible to ultrasonically test the drywell · 
wall and extrapolate these results to estimate the extent of corrosion of 
the tank walls. Visual inspection of the tank wall, as the grout is being 
removed, would also be performed. 
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Figure 6-1, Sheet 1. Alternative A - Mine Entire Contents (Dry Process). 
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Figure 6-1, Sheet 2. Alternative A - Mine Entire Contents (Dry Process). 
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The annulus between the caisson and tank would be inspected for tank 
leakage by swabbing the outer wall of the tank and checking the swabs for 
radioactive contamination. If contamination is found, a minimum of 3 soil 
samples taken around the outside of the caisson, and extending below the 
caisson would be used to inspect for leakage of the caisson. 

Installation of a temporary 10 foot diameter caisson, extending from 
the present grade level to the top of 241-CX-72 would provide access to the 
top of the tank. A temporary enclosure with exhaust filtration would be 
placed above the excavation. The exhaust would be filtered through a two
stage HEPA filter configuration to protect the environment from radioactive 
contamination. Phase 1 would remove the grout from the tank through dry 
mining techniques. Continual monitoring of the ventilation exhaust, coupled 
with periodic sampling of the grout as it is retrieved, would ensure that 
none of the highly radioactive sludge is removed, and to determine if the 
grout contains hazardous materials. Drilling and vacuum methods would 
comprise the primary grout removal technique. The removed grout would be 
sampled ~nalyzed, and disposed of in an appropriate and acceptable 
mannertl 3J. Assuming that the grout contains no hazardous material, and 
contains radionuclide concentrations that are less than Class C, it would be 
packaged in 55-gallon drums and disposed of as low level radioactive waste. 

Upon completion of Phase 1, Phase 2 would commence with the removal of 
core samples of the sludge as discussed in Section 5.1.3. Further inspection 
and analysis of the exposed tank wall would be performed, if necessary. The 
sludge samples would be characterized for its chemical and radiochemical 
constituents. 

Phase 3 would be the actual process of sludge removal and site 
stabilization. Drilling and vacuum equipment would comprise the primary 
removal systems. After the tank contents have been removed and cleanliness 
(less than 100 nCi/g) verified, the empty tank would be filled in place with 
sand and then sealed. The area would then be backfilled to grade level. 

6.1.1.2 Assessment of Regulatory and Environmental Impacts. No regulatory 
or environmental impacts, other than those discussed in Section 5.2, are 
anticipated. 

6.1.1.3 Assessment of Principal Hazards and Risks. No hazards or risks, 
other than those discussed in Section 5.3 , are anticipated. 

6.1.1.4 Cost Estimate. Engineering , construction, and installation cost 
would be approximately $1,270,000. Details of the cost estimate may be found 
in Appendix C. 

6.1.1.5 Reason for Dismissal. As discussed in Section 5. 1, the preferred 
option for retrieval of the contents of Tank 241-CX-72 recommends a three
phase approach to the problem. The key feature of that recommendation is a 
hold point that allows for the specification and design of equipment tailored 
to the characteristics of the sludge and tank. The alternative method 
discussed in this section does not have this hold point and, as such, the 
equipment used for Phase 3 (retrieval of the sludge) must be specified and 
procured based on the very limited knowledge of the sludge and tank 
characteristics. The mining equipment would be designed to remove the sludge 
un der the worst possible circumstances (a hard sludge layer that contains a 
concentration of fissionable material that would not permit the use of water ). 
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It is probable that, upon characterization of the sludge layer, there is 
less than a fissionable quantity of plutonium present in the sludge. It is 
also possible that the sludge is not hard. Thus, as discussed in Section 
5.1.4, a less expensive retrieval method, tailored to the characteristics of 
the sludge layer and tank, would have been precluded. Nevertheless, the 
alternative presented here is considered to be feasible from a technical 
standpoint. This alternative has the implicit risk that the equipment would 
not perform as required (necessitating re-design and delay of completion) or 
would be over-designed (representing an unnecessary cost). Assuming that 
the retrieval alternative proposed here actually would work as expected, the 
recommended option would probably require more time to implement. However, 
the consequences of either under-design or over-design of the sludge retrieval 
syst em are not considered to be acceptable. 

6.1.2 Alternative B - Leave Grout in Place, Sluice Sludge 

6.1.2.1 Description. This method would involve drilling a 6 inch hole 
through each of the two 8 inch diameter risers to the sludge level, core 
sampling the sludge and grout for characterization, installing a sluicing 
wand in one riser and a liquid removal pump in the other riser. As shown in 
Figure 6-2, the sludge would be sluiced out from under the grout and pumped 
through TK-003-CR in the 244-CR Vault to an underground million gallon double 
shell storage tank. 

Installation of a temporary 10 foot diameter caisson, extending from 
the present grade level to the top of 241-CX-72 would provide access to the 
top of the tank. A temporary enclosure with exhaust filtration would be 
placed above the excavation. The exhaust would be filtered through a two
stage HEPA filter configuration to protect the environment from radioactive 
contamination. 

The structural integrity of the tank must be verified prior sluicing. 
This might be accomplished by ultrasonic testing in the drywell to determine 
the extent of corrosion of the wall and then extrapolating these results to 
the tank walls. The annulus between the caisson and tank would be inspected 
for tank leakage by swabbing the outer wall of the tank and checking the 
swabs for radioactive contamination. If contamination is found, a minimum 
of 3 soil samples taken around the outside of the caisson, and extending 
below the caisson would be used to inspect for leakage of the caisson. 

An encased line would be installed between 241-CX-72 and isolation 
point number 15 (see Drawing H-2-95501 in Appendix A) above ground and bermed 
fo r shielding, approximately 65 feet. 

6.1.2.2 Assessment of Regulatory and Environmental Impacts. No regulatory 
or environmental impacts, other than those discussed in Section 5.2, are 
anticipated. 

6.1.2.3 Assessment of Principal Hazards and Risks. The hazards and risks 
discussed in section 5.3 generally apply to this method. However, there is 
the additional risk that the grout does not have sufficient solidity and 
co hesion to withstand the removal of the sludge layer while leaving the 
grout in place. 
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Alternative B - Leave Grout in Place , Sl uice Sl udge . 
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Figure 6-2. Sheet 2. Alternative B - Leave Grout in Place. Sluice Sludge. 
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6.1.2.4 Cost Estimate. Engineering, construction, and installation cost 
would be approximately $865,000. Details of the cost estimate may be found 
in Appendix C. 

6.1.2.5 Reason for Dismissal. This method requires four conditions to be 
satisfied: 1.) The quantity and/or configuration of the fissionable material 
in the sludge must such be that a nuclear criticality is precluded if a 
moderator (water) is introduced into the system; 2.) The sludge layer must 
have the chemical and physical properties necessary for successful sluicing; 
3.) The tank wall and bottom must have sufficient strength and integrity to 
allow the use of high pressure water; and 4.) The grout layer must have 
sufficient strength to remain in place during the sluicing process. 

The first condition would probably be shown to be met. Radiologic 
characterization of the sludge layer indicates that it is likely that there 
is an insufficient quantity of plutonium present to pose a criticality threat 
(which must be confirmed through direct sampling and analysis of the sludge). 

There is a fair degree of uncertainty regarding the second and third 
conditions because there is little information concerning the physical and 
chemical characteristics of the sludge layer or the integrity of the tank. 
Hence, there would be a moderate risk involved in the use of a sluicing 
system based on these uncertainties. 

The best information available pertaining to the integrity of the grout 
is that it probably would not possess the strength needed to remain in place 
with the sludge layer removed. Although the sample of grout obtained from 
the top of the riser may not be representative of the bulk of the grout, it 
is at least consistent with the original specification of the grout. 

This option is not recommended primarily because of the probable 
weakness of the grout. The uncertainty as to the tank integrity and 
characteristics of the sludge layer serves to reinforce this conclusion. 

6.1.3 Alternative C - Leave Grout in Place, Mine Sludge 

6.1.3.1 Description. Similar to Alternative B, this method �ould involve 
drilling a 6 inch hole through one of the two 8 inch diameter risers to the 
sludge level, core sampling the sludge and grout for characterization. As 
shown in Figure 6-3, the sludge would be would be loosened and broken up by 
augering several holes to the bottom of the tank. The sludge would then be 
airlifted from beneath the grout and placed into burial containers. The 
grout above the sludge would provide some shielding during sludge removal. 

Installation of a temporary 10 foot diameter caisson, extending from 
the present grade level to the top of 241-CX-72 would provide access to the 
top of the tank. A temporary enclosure with exhaust filtration would be 
placed above the excavation. The exhaust would be filtered through a two
stage HEPA filter configuration to protect the environment from radioactive 
contamination. 

6.1.3.2 Assessment of Regulatory and Environmental Impacts.· No regulatory 
or environmental impacts, other than those discussed in Section 5.2, are 
anticipated. 
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Figure 6- 3, Sheet 1. Alternative C - Leave Grout in Place, Mine Sludge. 
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Figure 6-3. Sheet 2. Alternative C - Leave Grout in Place. Mine Sludge. 
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6.1.3.3 Assessment of Principal Hazards and Risks. The hazards and risks 
discussed in section 5.3 generally apply to this method. However, there is 
the additional risk that the grout does not have sufficient solidity and 
cohesion to withstand the removal of the sludge layer while leaving the 
grout in place. 

6.1.3.4 Cost Estimate. Engineering, construction, and installation cost 
would be approximately Sl,268,000. Details of the cost estimate may be found 
in Appendix C. 

6.1.3.5 Reason for Dismissal. As in the case of Alternative B, this option 
is not recommended primarily because of the probable weakness of the grout. 
It is likely that the grout would not possess the strength needed to remain 
i n place with the sludge layer removed. A secondary consideration is the 
eff icacy of removing the sludge from a distance of 35 or more feet. If the 
sludge is very hard, it is probable that several holes through the grout 
layer would be required. As a result, the strength of the grout would be 
fur ther diminished and this option would begin to resemble Alternative A. 

6.1.4 Alternative D - Sluice Entire Contents {Wet Process) 

6.1.4.1 Description. As shown in Figure 6-4, this method involves drilling 
a 6 i nch hole through each of the two 8 inch diameter risers to the sludge 
level, sampling the sludge and grout for characterization, installing a 
sl uicing wand in one riser and a liquid removal pump in the other riser. 
The grout and sludge would be sluiced out of the tank and pumped through 
TK-003-CR in the 244-CR Vault to an underground million gallon double shell 
storage tank. 

A temporary enclosure with exhaust filtration would be placed at the 
t op of the risers. The exhaust would be filtered through a two-stage HEPA 
f il ter configuration to protect the env i ronment from radioactive 
contamination. 

The annulus between the caisson and tank would be inspected for tank 
l eakage by swabbing the outer wall of the tank and checking the swabs for 
r adioactive contamination. If contamination is found within the caisson , 
whi ch would be indicative of tank leakage, a minimum of 3 soil samples ta ken 
aro und the outside of the caisson , and extending below the caisson would be 
used t o inspect for leakage of the caisson. 

Verification of the structural integrity of the tank might be 
accomplished by ultrasonic testing in the drywell to determine the extent 
of corrosion of the wall and then extrapolating these results to the tank 
wa l ls . Visually inspecting the tank wall as the contents are being removed 
would also be possible. 

An encased line would be installed between 24 1- CX-72 and isolat i on 
poi nt number 15 (see Drawing H-2-95501 in Appendix A) above ground and bermed 
for shiel ding, approximately 65 feet. 

6.1 .4.2 Assessment of Regulatory and Environmental Impacts . No regulatory 
or env i ronmenta l impacts, other th an those discussed i n Section 5.2 , are 
ant icipated. 
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Figure 6-4, Sheet 1. Alternative D - Sluice Entire Contents (Wet Process). 
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Figure 6-4. Sheet 2. Alternative D - Sluice Entire Contents (Wet Process). 
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6.1.4.3 Assessment of Principal Hazards and Risks. No hazards or risks, 
other than those discussed in Section 5.3, are anticipated. 

6.1.4.4 Cost Estimate. Engineering, construction, and installation cost 
would be approximately $890,000. Details of the cost estimate may be found 
in Appendix C. 

6.1.4.5 Reason for Dismissal. This method requires four conditions to be 
satisfied. The first three conditions are identical with those discussed in 
Section 6.1.2.5. However the fourth condition requires that the grout layer 
to have the physical properties necessary for successful sluicing. 

Similar to Alternative B, the first condition would probably be shown 
to be met, and the ability to meet the second and third conditions is 
questionable. The fourth condition, would probably be met, however. 

This option is not recommended primarily because of the uncertainty as 
to the tank integrity and characteristics of the sludge layer. An additional 
concern is that a relatively large volume of low- or non-radioactive waste 
(grout) would be added to the double-shell tank inventory. Large chunks of 
grout would probably interfere with equipment such as pumps. 

o 6.1.5 Alternative E - No Action 

V 6.1.5.1 Description. This option would leave the tank in place in its 
current configuration. Periodic monitoring of the tank and surrounding area 
would be performed to ensure that the tank and contents do not pose a 
radiological hazard. 

6.1.5.2 Assessment of Regulatory and Environmental Impacts. Provided that 
the tank has not leaked, no regulatory or environmental impacts, other than 
those discussed in Section 5.2, are anticipated. However, eventual retrieval 
of the waste would be required prior to closure of the site in 10 to 15 years. 

6.1.5.3 Assessment of Principal Hazards and Risks. There would be little 
risk from a safety standpoint. Environmentally, this option is not 
attractive since it essentially involves near surface disposal of transuranic 
waste which, although not strictly prohibited by the HOW-ROD, appears to be 
contrary to the intent of the HOW-ROD. 

6.1.5.4 Cost Estimate. The cost for this option would have no incremental 
impact on current budgets. 

6.1.5.5 Reason for Dismissal. This option would be the least expensive. 
However, this option would require that the sludge material, which is 
probably TRU waste, would remain in its present configuration, in a tank of 
unknown integrity, for an indefinite period. 

6.2 ALTERNATIVE GROUT RETRIEVAL METHODS 

In addition to the grout retrieval method recommended in Section 5.1.1, 
there were four alternative methods for grout retrieval that were considered 
to be feasible. As in the case of the recommended method, each of thesa 
alternatives requires the excavation to the top of the tank and the 
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installation of a 10 foot diameter riser, weather tight containment building, 
and HEPA filtration of the containment building exhaust. The top of the 
tank would be cut open using a torch. Those portions of the drywell, risers, 
and dip tubes that extend above the tank would be cut off and capped. After 
removing all but approximately 2 to 3 feet of grout above the sludge, the 
sludge would be sampled and the tank sealed until sludge retrieval is ready 
to proceed. 

Radiation protection technologists would monitor all of the activities 
required to remove the grout. In particular, the material removed from the 
tank would be monitored for high levels of radioactive contamination. The 
four alternative grout removal methods are outlined in the following 
sections. 

6.2.1 Encased Auger/Airlift 

A flexible seal would be installed to the top of the caisson at the 
concrete floor and the encased auger/airlift would be inserted through this 
flexible seal. The encased auger would be similar to that discussed in 
Section 5. 1. 4. 1. 

Advantages: 

The grout can be removed from the tank and deposited into burial boxes 
with a self contained system. The auger and grout removal components are 
incorporated into one piece of equipment which can be used with onsite 
dri 11 i ng rigs. 

Disadvantage: 

There is the possibility of an accidental discharge to the environment. 
Operation of the system at a slight vacuum will be necessary to prevent this 
from happening. 

6.2.2 Mechanical Clamshell/Scoop 

This concept involves the use of a remotely operated clamshell or scoop, 
as shown in Figure 6-5. An auger would first be used to break up the grout 
into chunks. The clamshell device would be equipped with an extendable, 
retractable, articulating boom/arm capable of extending from the surface, 
down to the bottom of the tank (approximately 50 feet). The device would 
have the capacity to remove 1 to 2 cubic feet of grout in one scoop (grout 
weights approximately 100 pounds/cubic foot). The grout would be brought to 
the surface and placed into a concrete box for burial. 

Advantage: 

Grout can be removed from the tank with a minimum of disturbance. 

Disadvantage: 

A high cost would be expected for remote operated mechanical equipment 
of this type. 
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Figure 6-5. Removal of Grout Layer Using a Clamshell Device. 
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6.2.3 Mobile Vacuum System 

This concept involves the use of the onsite mobile vacuum system (MVS). 
An auger would first be used to loosen and break up the grout. The grout 
would be drilled with a series of 1 foot diameter x 20 feet deep holes at 
various locations. A flexible boot/seal would be installed to the top of 
the caisson at the concrete floor and penetrate boot/seal with the mobile 
vacuum system's suction hose. Using the MVS, shown in Figure 6-6, the grout 
would be vacuumed from the tank in four foot deep increments, and deposited 
into the mobile vacuum system tank, and then discharged into a concrete 
burial box. This MVS would be operated in accordance with procedure 
No. T0-020-550. The concrete burial box is sealed and contains HEPA filters 
which would be sealed after filling for burial. 

Advantage: 

The MVS and drilling rigs are located onsite. 

Disadvantage: 

The exposure rate must be less than 200 mR/hr at the surface of the 
burial box. The MVS is used for a variety of purposes, it is restricted to 
use in areas where wastes have a TRU concentration of less than 10 nCi/g. 
The removal of grout in the lower portion of the tank may over expose the 
equipment and personnel. The lower portion of the grout would not be removed 
from the tank due to the limitation of a vacuum at those vertical distances. 

6.3 ALTERNATIVE SLUDGE SAMPLING METHODS 

The recommended method of sampling is applicable only to those options 
wherein the grout is first removed. If it is desired to characterize the 
waste prior to initiating retrieval of the grout, the sampling method becomes 
slightly more complex and costly. The follow are brief descriptions of the 
alternative sampling methods that were considered: 

1.) Drill around actuator pipe/rod located in the center of the tank, 
which extends to the bottom of the tank, and remove. This sample 
could be used to perform the required analyses of the grout. The 
retrieved metal from the paddles would be analyzed for corrosion 
and this information would be extrapolated to estimate corrosion 
of the tank wall. This operation would be best accomplished by 
using a 4 to 6 inch diameter hollow drill with internal flights 
that moves the drilled material to the surface. This drill is 
currently in experimental design. An existing hollow drill without 
the flights can be used, although the drilling time would be longer. 
A second core sample of the sludge layer would be required, which 
would necessitate drilling through the grout in a separate location. 

2.) Horizontally drill through lower portion of the drywell into 
suspected TRU area of tank and retrieve sample specimens. This 
option would eliminate the expense of drilling through 
approximately 20 feet of grout, but would compromise the integrity 
of the bottom of the tank which would not be acceptable from an 
environmental perspective. 
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Figure 6-6. Mobile Vacuum System. 
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3.) Inject chemicals (acid) into the 3 inch diameter drywell to 
dissolve the wall and bottom. Retrieve the sludge from bottom of 
tank for analysis. The debris contained in the bottom of the 
drywell would have to be removed prior to injecting chemical. 
This method violates the criterion that no liquids be injected 
into the tank until the sludge layer is fully characterized. 

4.) Insert gamma and neutron detectors into the drywell with and 
without a directional window. Obtain radiation dose rates and 
neutron flux measurements the length of the tank. This method 
would not allow full characterization of the sludge layer because 
it would not detect hazardous chemicals, and it cannot distinguish 
neutron emitting isotopes. 

5.) Excavate the outside of the caisson to a depth of approximately 45 
feet, then horizontally penetrate both the caisson and the tank 
wall, and obtain a sample of the sludge layer. This would have 
the same disadvantage as alternative 2 in addition to costing 
more. 

6.) Remove the drywell from tank and section into short pieces. 
Analyze waste material clinging to the outer wall of the drywell. 
The drywell may be difficult to remove due to grout cohesion 
between the drywell and tank wall, also the possibility of 
rupturing the tank wall exists during removal. 

7.) With a sampling swab, access the two dip tubes located in one of 
the 8 inch risers. Analyze the swab for sludge contents. It is 
believed that one dip tube extends to the bottom of the tank and 
the other tube is near the top of the tank. However, no drawing 
has been located that indicates the dimensions and configuration 
of the dip tubes. 
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To: 

From: 
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July 2, 1974 

J. A. Teal 

D. G. Harlow ��

Subject: DISPOSITION ANO ISOu\TION OF TANKS 270-E-1, 
270-W, 241-CX-70, 241-CX-71, and 241-CX-72: . �

Reference: Letter, June 10, 1974, G. Burton, Jr. to
F. R. Standerfer, .. -"Waste. Tank Survet1 

A meeting was held on June 28, 1974 to formalize plans for 
disposition and isolation of the subject tanks. The comple
tion of the activities involved should !Je scheduled prior 
to colder weather as many of the plans involve overground 
transfers and other work which is hampered by cold weather.
Action on individuar tanks must !Je taken on a regular basis
as the reference lists a large number·of other tanks which 
require_p1an formulation by August 1, 1974 and August 30, 
1974, respectively. 

Each of the subject tanks is discussed individually in
this letter. Information presented in91udes location, 
size, sources, liquid levels (where app1ica6le), compo
sition of contents (where avaf1a5le), and an action plan
for disposition of the vesse1 ts contents and su6sequent 
isolation from the system. 

iank 270-E-1 
. 

., 

This nine-foot diameter �Y nine-foot high stainless steel
tank, located approximately three hundred yards west of 
the 221-B Building, is currently not in service. The tank
'is visible as a large charging riser and vent riser above 
the ground in a roped off area. It was used for the 
-neutralization of low-level condensate from the 221-B 
and 224-B concentrators. The condensate entered the tank
at the bottom from tf:te southeast, f1owed upward through a
limestone bed and through an outlet eight feet above the 
.tank bottom. Both the inlet and outlet lines are currently
open. From the tank, the condensate flowed northwest to 
crio 216-ER. Data on use of this crib indicate that the 

. tank was in active service from June 1952 through.January 
1957. During this .time, approximately 1.4 billion gallons 
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' 
will be pumped tc a tank truck and disposed cf in a desig-
natad waste tank. The limesta_ne will remain in the tank,···. 
and the inlet and outlet lines will be capped. Surveillance 
of the tank is not required. · . _________ ______ . 

---- . . -· ·--

Tank 241-CX-70 

This 32,000 gallon capacity tank js 20 feet in diameter and 
16 feet high and has not oeen in service since 1957. The 
tank is a reinforced concrete shell with a quartar inch 
stainless steel liner. Current liquid level measur.ements 
shaw 13.5 feet of liquid and sludge and has remained at this 
level since May 1, when liquid level measurements 'Here resumed. 
Sludae level measurements indicate the tank contains about 
21,300 gallons liquid and 10,700 gallons of solids. The tank 
was used about one and one-ha 1 f years far the storage of 
Redox-type procass wastes. large volumes of decontamina-
tion solutions containing oxalic acid, caustic-permanganate, 
caustic-tartrate, and other cha~icals were also routed ta the 
tank. It was to 5e one of a ·series of CX tanks, but was the 
only one ouilt. The only line entering the tank comes from 
.-the 201-C Bui l ding, 100 feet directly to the north, and 
enters the tank at the top. This line is cut and capped 
at the 201-C Building. There is no line leaving the tank. 
Analysis of the liquid sample shows a clear yellow liquid 
with a pH of 9.65. The over-the-top radiation reading is 
0.05 mR per hour. Othe~ results are: 

.; 

l37Cs 5.79 x 104 ~Ci/gal (tota 1 ~ 1.2 kilocuries)* 
Pu 9.24 x 10-s g/ga1 ( tota 1 ".-- 2 grams) 
u 5.67 g/ga1 (total~ 120 Kg) 

89,90Sr 3.23 x 102 ~Ci/gal (total ~ 6. 9 Ci) 
OTA - no exotherrns 

Current plans are to pump the free liquid overground to the 
254 diversion cox and from there to CRiVault and waste tanks. 

·The in1et·1ine will be cut and capped at · the tank, and the 
risers will be caooed. A salt well will not be installed 
due to the small volume of interstitial- liquid involved, 
the lcw activity in the solution, the high cost of sa1t well 
equi pment, and the expected high intagrity of the stainless 
steel liner. A s1udge sample will be obtained to determine 
the heat generation rate. This information 1/olill be used to 
determine if installation of a thermocouple tree is required 
for monitoring the sludge temperature. An exhauster will 
also be considered based on the heat generation rate. 

*Previously reported as approximately 5 kilocuries. 

~---•000-0:,1 c10-oa1 
••«·•' ••<•~---- ...... -------·· 
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Tank 241-CX-71 
. 

Tank 241-CX-71 contains a limestone bed similar to that in 
270-E-l and 270-W. Al though an extensiye search was made,.
no prints of the tank could �e found. Personnel associated
with the facility in the early 1950 1 s recall the tank is
a five-foot diameter oy six foot deep tank located under
�round about 10 feet south of the road directly behind the
ZOl-C Building. The tank was used for neutralizing the
201-C condensate and the coil and condenser cooling watar
from December l 952 through November 1956. F1ush wastes
during decontamination also went through"the tank from
December 1956 through June 1957. After this date, the
tank was no longer used. During this time, approximately
.a.a· million gallons of waste flowed through the tank. This
waste contained, on.the-average, 0.0033 g/gal of uranium,
.9.3 x 10-s g/gal plutonium, and 1.3 x 10-4 Ci/gal of beta
emitting particles. The sources of solution � the tank·
·were the 201-C Hot Process Building (condensate) and drain
rrom the hat shoos •. These l1nes are clanked at the tank.
Outlets include one to the 216-C-l cri�, which is blanked,
and one to .the 216-C-5 cri�, which is open. A sample of
the liquid was obtained on July l, 1974. Visual inspec
tion indicates the tank contains very l_ittle liquid. 

Plans for disposition and isolation are to excavate the tank 
to verify the size and to determine the liquid content. Any 
contained liquid will be pumped into a tank tl"'t.lck for disposal 
to a designated tank with the best availab1e pumping system 
designed to achie'le a minimum liquid heel. Tne limestone will 
remain in the tank, and the inlet and outlet lines will be 
blanked. ihe tank does not require further surveillance. 

Tank 241-CX-72 

Tan� 241-CX-72 is a 36-foot deep by 3-foot diameter carbon 
steel tank located just east of tank 241-CX-70. The only 
inlet to this tank is from the 201-C Buildina, and it is 
<ut and capped there. There is no a�it from-the tank, but 
there is an above ground vent riser. The tank was used as 
an e;<perimenta l tank to determine the character-is ti.cs of 
salf-concentrating wastes during 1956. Currently,�1.J�u,� 
l!:_���.asu��i!!1[1·ts�·rerS;x!ffil�.o:.��9:1Jie:hal.f.Briche·�1ofj

�-•000-0:,1 110-••· 

a.IC••• •tre•1.••-- ••ea. 

. -·- •· -· . ·- ·-
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_,.~ wnich all but approximately one -irich ·is s1udge. This level 
1 is."measured daily and is holding··-steady. -··AnaTysis of the 

solution shows a clear, light brown liquid ~ith a pH of 
9.50 and a trace of solids. The over-the-top radiation 
reading is less than 0.001 mR per hour. Other results are: 

\ 

~P.µ~]!~1 ?iJ i~l a- ~regi gal'• 
U . 2.43 X 10- 3 g/gal 

l37Cs . none detected 
a9,90Sr 4.33 x 10- 3-µCi/gal -

DTA no exotherms 

1ne current plan of action for this tank is to take a sludge 
samp1e to detennine the heat generation rate. This infonna
tion will oe used to detennine if installation of a thermo
couple tree is required. The tank will oe isolated by cutting 
and capping the inlet and all risers (if not required for 
.temperature monitoring). Furt_her liquid level surveillance 
~snot required. 

OGii:ncw 

cc: JF Geiger 
DG Harlow 
PM Herzog 
GC Oberg 
RM Smithers 
RL Walser J 

LB 

~ .. -.000,-031 (10-44) 
6.C. ...... ••• , •••• ••••• 
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Attention: 

Subject: 

Refer2nces: 

Gentlemen: 

Mr. O. J. Elgert, Director 
Production and Waste Management 

Programs Division 

~/ASTE TANK SURVEY 
Contract E(45-1)-2130 

( 1 ) 

(2) 

Letter, June 10, 1974, G. Burton, J:--. to 
F. R. Standerfer, same subject 

Letter, June 19, 1974, 0. J. Elgert to 
G. T. Stocking, same subject, (PWM:CDC) 

(3) Letter, July 5, 1974, G. Burton, Jr. to 
0. J. Elgert, sa~e subject 

(4) Letter, August 2, 1974, G. Burton, Jr. to 
O. J. Elgert, same subject 

(5) Letter, January 19, 1976, 0. J. Elgert to 
G. i. Stocking, same subject, (P~·iM:CDC) 

(6) Letter, March 19, 1976, G. Burton, Jr. to 
O. J. Elgert, same subject 

The reference 5 letter reauested Atlantic Richfield 
Hanford Company to sample,' analyze and propose ultimate. 
disoosition of the sludae in a number of tanks bv A•ril 1. 
This request applied _specifically to Tanks 361-8~, 361-T, 
361-U, CX-70, CX~2 ~nd any othe:- tank in the survey. 
wi~h contents having a similar potential for significant 
e~viron~ental and cost of disoosition imoact. In re•onse 
to this request, the referenc~ 6 letter ~as issued t~ 
Provide _a suliimary of the proposed action p 1 an and to 
state a ·ccmpletion date of June 1, 1976. Or.e additional 
facility (205-S Redox Uranium Process Cell sump and Tank 
SG-2), not identified in the reference correspondence, 
is in the schedule with the same completion date. 

ar1:y";-,!.s,-.- . 
Kelley,. 
Ka.s i anc;.i c 
Ma1ody * 

GA Nichoisor. 
MF Rice . 
HP Shaw 
GT Stocking 
JH Warren 
GO Wheeler 
AT White* 
Cen tra 1 File 

-- -----~ -- ···· -·---·----~---. ----·--····------------
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Mr. a. J. Elgert 

1976 

Prior to the time of the Hanford Atomic Meta 1 Trades 
strike, the liquid contents of Tanks 361-8, 3El-T, and 
351-U were sampled and analytical resu1 ts reported.
Tank CX-70 was previously anaiyzed. rne standard operating
procedures for so 1 ution transfers �:ere prepared, and the
205-S cell sump was refurbished to provide transfer support
services. 

Followng compietion of the strike, solutions contained 
in the 361- series tanks and Tank CX-70 (Iiffik!C�2��conta ins 
only:?sJ.µ.�gj} will be incrementally pumped to-aS-:00d-ga11on 
capacity-tanker truck for transport to an underground 
storage tank. It is anticipated that at least 17 individual 
transfers will be required to complete the total program for 
liquid re�oval. Sludge sampling is scheduled for all tanks 
to characterize the stored contents. 

. . 

We wi11 provide a sludge sampling schedule three weeks
fo11awing_cc�pletion of the strike. The results of the 
sa.�ples will dictate further action plans. 

Very truly yours, 

ORIGINAL SIGNED BY: 

C. W. MALOOY

G. Burton=, Jr.
Vice P-res1dent - Production and

Waste Management 

G3: Cl-:':·t: d kd 

cc: . OJ Sennett, EROA-RL 
JL Rhoad2s, Ea□A-RL

•$.:. -
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bee: 
DC Bartholomew 
Fi Boyd 
G Burton, Jr. 
DG Harlow U.S. Energy Research and 

Development Administration 
Richland Ocerations Office 
Richland, Washington 99352 

Attention: Mr. O. J. Elgert, Director 

Wi;t Harty, Sr. 
EJ Kosi anci c• 
CW Malady (2) 

�J-E.. Mirabel i a 
RD Prosser* 

Subject: 

References: 

Gentl e.rnen: 

Nuclear Fuel Cycle and Production Division 

WASTE TANK SURVEY 
Contract EY-76-C-06-2130 

(l) Letter, January 19, 1976, O. J. Elgert
to G. T. Stocking, same subject,
(PWM:COC)

(2) Letter, August 23, 1976, G. Burton, Jr:
to a. J. Elgert, same subject

(3} Letter, October 5, 1976, C. W. Malady to 
0. J. Elgert, same subject

(4) Letter, October 18, 1976, C. W. Malady
to O. J. Elgert, same subject

The reference 4 letter stated that we would make a second 
attempt to obtain a sludge sample from Tank CX-72 by 
November 1, 1976. Sarnpling·was�ttemptedjn:another 
location ::in �the.:tank:but7tfo7sludge"''.was.:found�lj1�ge 1 

1-1�!"-��!1�� ��p!1..;y:f �Y�]j�.ct-�_pef fi o�f J.he_:tl!:11�-�di ca te 
-that ;.there ·is ·no· sl udge-1".;.the �ank".

Optical equipment is being purchased which will allow us
to obtain an tn-tank view of rank CX-72. This equipment
will not be available until February 1, 1977. We will
inform you at that time of our plans for obtaining an
in-tank inspection of Tank CX-72.

MF Rice 
HP Shaw 
TE Sparks 
JA TeaT 
JH Warren 
GO Wheeler 
AT White* 
Central File 

*Bag
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Sludge samples have been obtained from Tanks 361-B, 361-T, 
361-U, and CX-70 as stated in reference 4. The analysis
of these sludae samples will be used to·detennine if
additional samples are needed: If additional samples are
needed, they will be obtained after the supernatant liquid

-has been pumped from the tanks. Pumping of this liquid
is scheduled to be completed by April 8, 1977, at which
time we will provide a sampling schedule for any additional· samples that are to be obtained.

Very truly yours,

)'cf���. 
C. W. Malady
Manager - Production and

Waste Management 

CWM:JEM:bac 

cc: JC Cummings, EROA-RL 

---------------�------....---��;:;;;:;; .. �.:;;----�-�=====::::·=·•==---=
• ---:"� ... #.;,:,: • .• •--:-
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C.O DETAILS OF COST ESTIMATES 

C.l SLUDGE SAMPLING 

The details of the cost estimates for sludge sampling discussed in 
Secti ons 5. 1.3 are prov ided in th i s Section. These costs are i n const an t 
1989 dollars. These cost estimates are used in Sect i on C. 2, which prov ides 
det ails of the overall cost of decommissioning. 

C.1.1 Sample Sludge After Grout Removal 

____________ D=ES'-C=RI~P __ TI'-O~N _________ ~ Total, $ 

1.) Equipment (2 samples): 
a . ) Outer barrels (24 ft SST) 
b. ) Dr i ll rod (80 ft) 
c . ) Inner barre ls (18) 
d.) Head assembli es (18 
e . ) Core l ifte r skirts (24) 
f . ) Inner tube shoe (2 4) 

2.) 6 Shifts@ $3,400/shift 

3.) Set-up and Removal 

4. ) General (M isc.) 

5. ) Disposal (20 ft 3 @ $25/ft3) 

6. ) Eng ineer ing Fie ld Serv ices Group Consultat ion 

7.) Reports 

900 
2,000 
5,400 
4,550 

360 
600 

TOTAL ________________ _ 

C.1 . 2 Sample Sludge Before Grout Removal 

13,760 

20,400 

22,000 

4,900 

500 

6,600 

24, 000 

92,160 

____________ DE=S-=-CR'-"l"'"P __ TI._O __ N _________ ~ Tota 1. $ 

1.) Equipment (2 sampl es ): 
a.) Outer barrel s (24 ft SST) 
b. ) Inner barrels (18 ) 
c. ) Head assemb 1 ies ( 18 
d.) Core l ifter skirts (24) 
e. ) Inner tube shoe (24 ) 

2.) 12 Shifts@ $3 ,400/ shift 

3. ) Set-up and ~emova l 

4. ) Genera 1 (Misc . ) 

5. ) Disposal (25 ft3 @ $25/ft3) 

6.) Eng ineering Field Services Group Consultation 

7. ) Reports 

1,800 
10, 800 

7, 000 
720 

1,200 

TOTAL ______ __________ _ 

21. 520 

40.800 

22 . 000 

4.900 

625 

6,600 

24 ,000 

120 ,445 
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C.2 DECOMMISSIONING COST ESTIMATES 

The details of the cost estimates for all of the options discussed in 
Secti ons 5.1 and 6.1 are provided in this Section. These costs are in 
constant 1989 dollars and are for engineering, construction , installation , 
and operations. A support cost of approximately $281,300 as detailed in 
Tab l e 5-2 , should be added to each of these costs. 

C.2 . 1 Reconvnended Decommissioning Method - Mine Grout/Characterize Sludge 
(Figure 5-1) 

Prior to removing sl udge from the bottom of Tank 241-CX-72 , the grout 
above the sl udge will gradually be broken up and airl i fted from the tank 
i nt o approved burial containers (Phase 1). The sludge and tank will then be 
sampled and characterized (Phase 2) . After character i zation is complete , a 
procedure for removing t he sludge wi ll be defined (Phase 3). A method for 
retr ieval of the sludge layer cannot be specified until the completion of 
Phase 2. However , th ree opt ions for sl udge retrieval are di scussed in 
Sect ion 5.1 .4 and t he cos t estimat es for each of these opt i ons are provided 
in Secti ons C.2 . 1.1 through C.2 . 1.3 . 

----------~DE=S .... C ___ RI .... P ___ T ___ ID ___ N __________ ~ Total , $ 

1. ) Charact erize sludge : 
a . ) Core sampl e after removing grout (2 holes) . 
b.) Ana lyt ical ca lculations based on garm,a and neutron 

measu rements . 
c . ) Laboratory ana lys i s; Sl udge concentrat ion , eleme nt s, 

haza rdous mater ial components , and grout consistency . 

2. ) Ver ify t ank in t egr ity : 
a.) Retrieve lower port ion of actuator rod or dry we ll du r ing 

grout remova l and ana lyze for corros ion of mat er ial . 
Co r re late to tank wa l l 

b.) Ul t rason ic test in drywe ll to aet enn1ne cor rosion ot 
wa 11 . Cor re late t o tank •,1a 11. 

c.) Ca lculat ions : Based on new tank with assumpt ions as t o 
the present cond it ion of the tank and components . 

d . ) Visua l ly inspect t ank wa ll during remova l of grout.-= 

3. ) Ver i fy caisson integrity: 
a . ) Core dr i l l a minimum of 3 holes around t he outs ide and 

be low ca isson and samp le fo r leakage . 
b.) Remote TV, boroscope, and/ or contact smear sample annulus 

bet ween tank and caisson . 

4. ) Excavati on: 
a.) Excava t e t o t op of tank for insta llati on of a temporary 

10 ' diameter x 15' long ca isson. 
b.) Remove t ank cover (cut out •,1 ith t orch, check iOr 

combust i ble mater ia l or gases ). 

5. ) Con t ainment Bu ildi ng : 
a . ) Weat her tight containment. (greenhouse) with concrete 

f loor , located at grade leve l above tank , app rox imate ly 

92,160 

1,000 

10,000 

8 ,000 

3, 000 

5,000 
1, 000 

5,000 

3, 000 

12 , 000 

8,600 

20' X 20 ' X 8' . .,.--,..,......,-----ri,,......-..-,-----,-----..,.....---,-- 8,800 
b. ) Fabr icate and instal l tempor ary Io ' diame ter x 15' long 

ca isson . Seal to tank ca isson and conta inment bui ldi ng 

floor . ~~~-------~-~~- ---- 6, 000 
c.) 2 Stage HEPA f iltration with a ir t low of 320 CFM . __ 25,000 

103, 160 

17,000 

8,000 

20, 600 

39,800 
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___________ D ___ E ___ S ___ CR ___ I ___ P ___ T ___ IO __ N __________ Cost. $ Tota 1. $ 

6. ) Grout Mining Equ ipment: 
a.) Dr i ll ing equ ipment 

Rotary drilling truck w/12 inch diameter auger . _ 60, 000 
b. ) Grout retr iev ing equipment : 

Airlift (vacuum) . ---,----------- 4,000 
Cyclone separator system. _________ 12, 000 

7. ) Reseal tank after tak ing s ludge samp les. 

8. ) Burial / Storage Containers : 
a . ) For solid waste (55 gallon drums LLW & HLW) . 
b. ) Burial container with HEPA f i lters . 

9. ) Waste Transportat ion : 
a . ) To buria l , sol id waste. 

Subtotal 

Ci vi l Engineer ing (25% of 298,160) 

Mechanica l Engineer ing (40% of 298 ,160 ) 

Subto ta 1 

G & A/ CSP (26% of 491, 964 ) 

Subtota l 

Cont ingenc ies (35% of 619 ,875) 

TOTAL (PHASES l AND 2) 

2, 000 

20,000 
10,000 

1,600 

76,000 

2,000 

30,000 

1,600 

298 ,160 

74 ,540 

119. 264 

491.964 

127 ,911 

619,875 

216,956 

836, 831 



~::;:. Al 

WHC -SD-DD-ES-008 Rev 0 Page 102 

C.2.1.1 Phase 3, Option 1 - Sluice Sludge 

____________ D ... E.._S ___ C ___ R __ IP __ T __ I ... O ___ N ___________ ~ Tota 1. $ 

10. ) Sluicing system: 
a.) Use hydrant water for sluicing head. -----~-- 1,000 
b. ) Sluicing head, 100 ps i. inlet supply, wand w/2 slu icing 

nozz les with approximately 1200 psi . outlet pressure. _ 5,000 
c.) 4" diameter vertical turbine pump with particu late f ilter 

screens. Top mounted motor, 50 - 60 foot head, 
5 - 10 gpn.---------------------------------------------- 15,000 

11. ) Decontamination equipment : 
a . ) Spray ring; water wash, same as sluic ing head, located 

above tank, used to clean s luicing equipment dur ing 
removal from tank. Wash water t o drain back into tank. 5,000 

12.) Liquid waste transfer piping : 
a.) 2" Air operated diaphragm type pump to pt.mp s ludge . 

Pump located at tank CX-72. 
b.) 2" schedule 40, encased pipe, from diaphra9"1 type pump 

isolati on point number 15 (Approx . 65 feet) . lnsta l 1 
above ground and berm for shie lding . 

c.) Piping exists between iso lat ion po int number 15 and 
TK-003 -CR in the 244-CR Va ul t. 

13.) Cleanliness ver ificat ion : 
a . ) Remote TV, boroscope , or con t act smear samp le. 

14. ) DecC1TJ11 ission Tank: 
a.) Re-sample for leakage around ca isson in prev iously core 

dr i 11ed holes. 
b. ) After removal of sludge and re-sampl ing fo r leakage 

around caisson, pump grout into void left by sludge 
remova l and drilled holes . 

to 

c.) Sea l we ld surface openings in tank. 
d.) Remove containment building. __________ _ 

Subtotal 

Civil Engineering (25% of 99,000) 

Mechanica l Engineer ing (40% of 99,000 ) 

Subtotal 

G & A / CSP (26% of 163 ,350) 

Subtotal 

Contingencies (35% of 205 ,821) 

TOTAL (PHASE 3) 

TOTAL (PHASES 1, 2, AND 3) 

12,000 

4,000 

--0--

40, 000 

2,000 

5,000 
4,000 
6,000 

21,000 

5,000 

16 ,000 

40, 000 

17,000 
---------

99,000 

24 .750 

39,600 
---------

163,350 

42,471 
---------

205,821 

72,037 
========= 

277,858 

1,114. 689 
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C. 2.1. 2 Phase 3, Opt ion 2 - Rock Drill Sludge 

DESCRIPTION 

10 . ) Sludge Mining equipment : 
a.) Sludge dril li ng equipment 

Rotary rock dril li ng truck and drill string. 

11 . ) Bur ial /Storage Containers : 
a . ) TRU Storage cont ainer (55 ga llon shielded drums ). 

12 . ) Waste Transportation: 
a.) To storage , TRU. 

13 . ) Clean liness verificati on: 
a. ) Remote TV, boroscope , or contact smear samp le. 

14 . ) Oec01T1T1ission Tank: 
a.) Re-sample for leakage around caisson in prev ious ly core 

dri lled holes . 
b.) After removal of sludge and re-samp 1 ing for leakage 

around caisson, pump grout into void left by sludge 
removal and drilled holes. 

c . ) Seal weld surface openings in tank. 
d.) Remove containment bui lding . 

Subtotal 

Civil Engineer ing (25% of 154,500) 

Mechanical Engineer ing (40% of 154,500) 

Subtotal 

G & A/ CSP (26% of 254,925 ) 

Subtotal 

Cont ingencies (35% _of 321.206) 

TOTAL (PHASE 3) 

TOTAL (PHASES 1, 2, AND 3) 

~ Tota 1, $ 

65, 000 65, 000 

30,000 30.000 

2,500 2,500 

40,000 40 ,000 

2,000 

5, 000 
4,000 
6,000 17 ,000 

---------
154 ,500 

38,625 

61. 800 
---------

254 ,925 

66,281 
---------

321, 206 

112,422 
========= 

433,627 

1. 270. 458 
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C.2.1.3 Phase 3, Option 3 - Remove Tank with Sludge, Section in Surface 
Containment Building (Leave Caisson in Place) 

__________ __,;Da.aE:.:aS.::aCR""I"""P-'-T.a.,;IOa.aN'------------~ Tot al. $ 

10. ) Conta inment building : 
a.) Remove old conta inment building. 
b.) Weather tight containment (greenhouse) with concrete 

f loor, located at grade level above tank, approx imately 
30' x 30" x 15' high . A 10' x 10 ' dec01T111issioning area 
wi t h 15' high x 2' thick sh ie lding walls ad jacent to the 
t emporary caisson and a area for the upper tank sect ion . 

c .) Lift ing hoist, 60 ton with shie lded cab (External) . -
d. ) 2 Stage HEPA fil tration with a ir fl ow of 1350 CFM. --

11.) Dec onmiss ioning equ ipment : 
a. ) Diamond saw (sec t ion t ank above s ludge ). 
b.) We lder (add cover to bottom of tank upper ha lf) . 
c . ) Decont aminat ion of equ ipment (sandb last ing or watei=;-:--

12 . ) Oecoomission t ank : 
a.) Ver ify upper tank sect ion is clean . 
b. ) Remove upper tank sect ion and take t o bur ial . 
c . ) Ver ify lower tank sect ion is c lean . 
d. ) Remove lower t ank sect ion and take to bur ia l . 
e . ) Re-s ample ca isson and ver ify it is c lean . 
f.) Backfi 11 ca isson t o grade leve l . 
g.) Remove : conta inment bui ld ing . 

Subtota l 

Civi l Eng ineer ing (2 5% of 254,200 ) 

Mechanica l Engi neer ing (40% of 254 ,200) 

Subtot a l 

G & A / CSP (26% of 419,430) 

Subtota l 

6, 000 

40,000 
70,000 
42,000 

22 , 000 
1, 200 
7,400 

2, 000 
5,000 
2, 000 
5, 000 
2,000 
3, 600 

46, 000 

158 ,000 

30,600 

65, 600 

254,200 

63, 550 

101, 680 

419 ,430 

109 ,052 

528,482 

184,969 Cont ingenc ies (35% of 528,482 ) 

TO TAL (PHASE 3) 713, 450 

_______________ 1.550, 281 
TOTAL (PHASES 1, 2, AND 3) 
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C.2.2 Alternative Decommissioning - Method A Mine Entire Contents (Dry 
Process, Figure 6-1) 

DESCRIPTION ~ Total. $ 

l . ) Characterize sludge: 
a . ) Core sample after removing grout (2 holes) . 
b. ) Analytical calculations based on ganma and neutron 

measurements . 
c . ) laboratory Analysis; Sludge concentration, elements, 

hazardous material canponents, and grout consistency. 

2.) Verify tank integrity: 
a . ) Retrieve lower portion of actuator rod or remove dry well 

during grout removal and analyze for corrosion of 
material. Correlate to tank wall. 

b.) Ultrasonic testing in drywell to determine corrosion or 
drywe 11 wa 11 . Corre late to tank wa 11. 

c.) Calculations: Based on new tank with assumptions as to 
the present condition of the tank and components. __ _ 

d.) Visually inspect tank wall during removal of grout . __ 

3.) Ver ify caisson integrity : 
a . ) Core drill a minimum of 3 holes around outside and below 

ca isson and sample for leakage . 
b.) Remote TV, boroscope, and/er contact smear sample annulus 

between tank and caisson . 

4.) Excavat ion : 
a . ) Excavate to top of tank for instal lat ion of a temporary 

10' diameter x 15' long caisson. 
b.) Remove tank cover (cut out with torch , check for 

combustible material or gases) . 

5.) Conta inment Bu i lding: 
a . ) Weather t ight conta inment, (greenhouse ) with concrete 

floor, located at grade leve l above tank , approx imate ly 
20' X 20' X 8 ' . 

b.) Fabricate and instal I temporary Io diameter X Is' long 
caisson. Seal to tank caisson and containment building 
floor . 

c . ) 2 Stage HEPA f1 ltrat1on with air flow of 320 CFM . 

6.) Mining equipment: 
a . ) Grout dril l ing equipment : 

Rotary drilling truck with 12 inch diameter auger . 
b. ) Sludge drilling equipment: 

Rotary rock drilling truck and drill str ing. __ 
c . ) Grout and sludge retr ieval equipment: 

Airl ift (vacuum). 
Cyc lone separator system. 

7.) Reseal tank after taking sludge samples. 

8 . ) Bur ial / Storage Containers: 
a . ) For sol id waste (55 gallon drums LLW & HL\.I) . 
b. ) Bur ial conta iner with HEPA f i lters. 
c . ) TRU Storage conta iner (55 ga ll on sh ie lded drums ). 

9. ) 1../as t e Transoortat ion : 
a .) To bur ia l, Sol id Was t e. 
b. ) To storage, TRU . 

10.) Cleanliness verification : 

92,160 

1,000 

10,000 

8,000 

3, 000 

5,000 
1,000 

5, 000 

3,000 

12 , 000 

8,600 

8, 800 

6,000 
25,000 

60, 000 

65,000 

4,000 
12, 000 

2, 000 

20,000 
10 , 000 
30, 000 

1,600 
2,500 

a . ) Remote TV, boroscope , and/or contact smear samp le . __ 40,000 

103 , 160 

17,000 

8, 000 

20,600 

39,800 

141. 000 

2,000 

60 ,000 

4, 100 

40 , 000 
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___________ O._.E.,.S.,.CRs.;.;I ... P..;.T.:..10...,N'---__________ ~ Total 
1 

$ 

11 . ) Oecorrmission Tank: 
a.) Re-sample for leakage around caisson in previously core 

drilled holes . 
b.) After removal of s iudge and re-sampling ror leakage 

around caisson, pump grout into void left by sludge 
removal and drilled holes. 

c.) Seal weld surface openings in tank. 
d. ) Remove containment building. 

Subtotal 

Civil Engineering (25% of 452,660) 

Mechanical Engineering (40% of 452,660) 

Subtotal 

G & A / CSP (26% of 746,889) 

Subtotal 

Contingencies (35% of 941,080) 

2,000 

5,000 
4,000 
6,000 17,000 

452,660 

113,165 

181,064 

746 ,889 

194.191 

941,080 

329,378 

TOTAL --------------- 1,270, 458 
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C.2.3 Alternative Decommissioning - Method B Leave Grout in Place, Sluice 
Sludge Out (Figure 6-2) 

OESCR !PT ION 

1.) Characterize sludge: 
a.) Core sample thrcugh 8" risers (2 holes) . 
b.) Analytical calculations based on gamna and neutron 

measurements . 
c.) Laboratory analysis: Sludge concentration , elements, 

hazardous material ccrnponents, and grout consistency . 

2.) Verify tank integrity: 
a . ) Ultrasonic test in drywell to detennine corrosion of 

wa ll, correlate to tank wall . 
b.) Calculations: Based on new tank with assumptions as to 

the present condition of the tank and components. __ 

3.) Verify caisson integrity: 
a . ) Core drill a minimum of 3 holes around outside and below 

caisson, leave casing for sampling after deccmnissioning 

~ 

120,445 

1,000 

10,000 

3,000 

5, 000 

and sample for leakage. ..------,----,..-----..---..-- 5,000 
b.) Remote TV, boroscope, and/or contact smear sample annulus 

between tank and caisson . ____________ 3,000 

4.) Excavation and Drilling: 
a . ) Excavate to top of tank for installation of a temporary 

10' diameter x 15' long caisson. --~------ 12,000 
b. ) Dr i ll a 6" diameter hole 45' deep in each 8" riser for 

sluicing equipment, one riser for the slu icing wand the 
other riser for the sludge removal pump. Encase holes to 
prevent collapsing . _______________ 12,000 

5.) Containment Building: 
a . ) Weather tight conta inment (greenhouse) with concrete 

floor, located at grade level above tank, approximately 
10' X 10' X 8'. ~----~~~-.....--~...-.-- 6,800 

b.) Fabricate and insta 11 temporary Io' d1 ameter x 1$' long 
caisson . Seal to tank caisson and containment building 

floor . ------------~~----- 6,000 c.) 2 Stage HEPA f1 ltrat1on w/a1r flow of 80 CFM . ____ 25,000 

6. ) Sluicing system: 
a . ) Use hydrant water for sluicing head. ---....-.,..---- 1,000 
b.) Sluicing head. 100 psi . inlet supp ly, wand with 2 

sluicing nozzles with approximately 1200 psi . outlet 
pressure. --------------~-~~- 5,000 

c . ) 4" diameter vertical turbine pump with particulate filter 
screens. Top mounted motor, 50 - 60 foot head, 
5 - 10 gpm . ---------------- 15 ,000 

7. ) Decontamination equipment: 
a . ) Spray ring; water wash, same as sluicing head, located 

above risers, used to c lean s luicing equ ipment during 
removal fran tank. Wash water to drain back into tank. 

8.) Liquid waste transfer piping: 
a . ) 2" Air operated diaphragm type pump to pump sludge. 

Pump located at tank CX-72. 
b. ) 2" schedu le 40, encased pipe, from diaph ragm type pump 

isolation point number 15 (Approx.65 feet) . Insta ll 
above ground and berm for shie lding . 

c . ) Piping exists between isolation point number 15 and 
TK-003-CR in the 244-CR Vault . 

9.) Cleanl iness ver ification : 
a.) Remote TV, boroscope, and/ or Contact smear sample. 

5,000 

12,000 
to 

4,000 

--0--

40,000 

Total 1 $ 

131,445 

8,0CO 

8,000 

24,000 

37,800 

21,000 

5, 000 

16,000 

40 ,000 
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___________ D:.:E..:S""C"'"R I"""P_T_IO""N'-------------~ Tota 1. $ 

10 .) Oeccnmiss ion Tank: 
a . ) Re-samp le for leakage around caisson in prev ious ly core 

dr illed holes . 
b. ) After remova l of sl udge and re-sampling ror leakage 

around caisson, pump grout int o vo id left by s ludge 
remova l and dr illed holes . 

c . ) Seal weld surface open ings in tank . 
d. ) Remove containment building. 

Subtotal 

Ci vi l Eng ineering (25% of 308,245) 

Mechanica l Eng ineer ing (40% of 308, 245) 

Subtota 1 

G & A/ CSP (26% of 508 ,604) 

Subtot al 

Con t ingenci es (35% of 640,841 ) 

TOTAL 

2, 000 

5, 000 
4,000 
6,000 17 ,000 

308 ,245 

77 ,061 

123,298 

508 .604 

132 , 237 

640,841 

224 ,294 

865,1 36 
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C.2.4 Alternative Decommissioning - Method C Leave Grout in Place, Mine 
Sludge Out (Figure 6-3) 

DESCRIPTION 

1. ) Characterize sludge: 
a . l Core sample through 8" risers (2 holes) . 
b. Analytical calculations based on gamna and neutron 

measurements. 
c . ) Laboratory an_a.,..ly_s...,.i_s_; -,S.-.l_u..,.dg_e_c_on_c_e_n.,..tr_a...,.t..,i_o_n.-e ... 1-eme_n..,.t_s_, --

Hazardous material components, and grout consistency . __ 

2.) Verify tank integrity : 
a.) Ultrasonic test in drywell to detennine corrosion of 

wall . Correlate to tank wall. 
b.) Ca lcu lat ions : Based on new tan,....k_w_i_,,.t ... h_a_s_s_um_p..,t..,i-o-ns_a_s_t,...o--

the present condition of the tank and components. __ _ 

3. ) Verify caisson integrity: 
a.) Core dri 11 a minimum of 3 holes around outside and below 

caisson, leave casing for sampling after deccmnissioning 

~ 

120,445 

1,000 

10,000 

3,000 

5,000 

and samp le for leakage._,..,.....----,-~----,-----,- 5,000 
b.) Remote TV, boroscope, and/or contact smear sample annulus 

between tank and caisson ._____________ 3, 000 

4.) Excavation and Ori lling: 
a.) Excavate to top of tank for installation of a temporary 

10' diameter x 15' long caisson. ___ ..,._.,.,.,. __ __,, __ 12,000 
b. ) Dri 11 a 6" diameter hole 45' deep rn each 811 riser tor 

mining equipment. Encase holes to prevent collapsing._ 12,000 

5.) Containment Building : 
a . ) Weather tight containment (greenhouse) w /concrete floor, 

located at grade leve l above tank, approximately 
10' X 10' X 8' . --,--,-..-------.-...-r--,-,.--,-----.-....-...-- 6, 800 

-b.) Fabricate and install t emporary 10' diameter x Is' long 
caisson. Seal to tank caisson and containment building 
floor. ,..,,.,...-.,........,..___.. __ .,......,_.,......._...,.....,...,._,..,.,..,..----- 6,000 

c . ) 2 Stage HEPA f1ltrat 1on w/a1r tlow or 80 CFM. _____ 25.000 

6. ) Mining equipment: 
a.) Grout drilling equipment 

Rotary drilling truck w/12 
b.) Sludge drill ing equipment 

Rotary rock drilling truck 
c . ) Sludge retr ieval equ ipment 

inch diameter auger . __ 60,000 

and drill string ___ _ 

t;~ ]~~~ ~~;~~~~l-r-s_y_s..,.t-em ___________ _ 
-----------

7.) Reseal tank after taking s ludge samples : ________ _ 

8. ) Burial / Storage Conta iners : 
a .) Burial container w/H EPA filters 
b.) TRU Storage container (55 gallo_n_s..,.h_i_e.,..ld.,..e""'d,...a_r_u_m_s'T") ___ _ 

9.) Waste Transportation : 
a.) To storage, TRU ________________ _ 

10.) Cleanliness verif icat ion: 
a.) Remote TV, Boroscope, and/or Contact s~ear samp le __ _ 

65,000 

4,000 
12, 000 

2, 000 

10,000 
30,000 

2,500 

40 ,000 

Total 1 $ 

131. 445 

8,000 

8,000 

24,000 

37,800 

141,000 

2,000 

40,000 

2,500 

40,000 
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_____________ o_E=S=CR_l_P_T_ID_N'-----------~ Tota l. $ 

11 .) OecO!TITiission Tank : 
a. ) Re-samp le for leakage around caisson in previously core 

drill ed holes . 
b. ) After removal -of-s"'"l u-o~'g_e_a_n""'d_r_e ___ sa_m_p_l~1 n_g_fo_r_l-ea"'"k-a-ge __ _ 

around caisson, pump grout into vo id left by s ludge 
removal and drilled holes. ___________ _ 

c.) Sea l weld surface openings in tank. ________ _ 
d.) Remove conta inrrent building. __________ _ 

2,000 

5,000 
4,000 
6,000 

Subtotal ________________ _ 

Civil Engineering (25% of 451,745) _________ _ 

Mechanical Eng ineer ing (40% of 451,745) _________ _ 

Subtotal ________________ _ 

17,000 

451.7 45 

112,936 

180,698 
---------

745.379 

G & A/ CSP (26% of 745,379) _________ --~==~::: 
Subtotal ________________ _ 

Contingencies (35% of 939,178) __________ _ 

939,178 

328,712 
========= 

TOTAL _______________ 1, 267,890 
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C.2.5 Alternative Decommissioning - Method D Sluice Entire Contents (Wet 
Process, Figure 6-4} 

___________ D ___ E,_S"""CR ... I .... P .... TI ___ D __ N __________ ~ Total. $ 

l.) Characterize sludge: 
a .l Core samp le through 8" risers (2 holes) .. ------ 120,445 
b. Analytical ca lculat ions based on garrma and neutron 

measurements. 1,000 
c.) Laboratory analysis; Sludge concentration, elements, 

hazardous material components, and grout consistency . 10,000 

2.) Verify tank integrity: 
a.) Retrieve lower portion of actuator rod or remove dry well 

and analyze for corrosion of material . Correlate to tank 
wa 11. 

b.) Ultrason ic t est in drywell to determine corrosion at 
wall . Correlate to tank wall . 

c . ) Calculations : Based on new tank with assumptions as to 
the present cond iti on of the tank and components. __ _ 

3 . ) Verify caisson integrity : 
a .) Core drill a min imum of 3 holes around outs ide and below 

caisson, leave casing fo r sampl ing after deccmnissioning 
and sample for leakage . 

b.) Remote TV, boroscope, and/or contact smear sample annu !us 
between tank and caisson. 

4.) Excavation and Drilling: 
a.) Excavate to top of tank for installat ion of a temporary 

10' diameter x 15' long caisson. 
b.) Dri l l a 6" diameter hole in each 8" riser for sluicing 

equipment, one r iser for t he sluicing wand the other 
riser for the sludge removal pump. Encase ho les to 
prevent co llapsing . 

5. ) Containment Bui lding : 
a.) Weather tight containment (greenhouse) with concrete 

floor, located at grade level above tank, approximately 
lQ' X 10' X 8' . 

b.) 2 Stage HEPA filtration with air flow of 80 CFM. 

6. ) Sl uic ing system: 
a .) Use hydrant water for sluicing head. 
b.) Sluicing head, 100 psi . inlet supp ly, wand with 2 slu icing 

nozz les with approx imately 1200 psi . out let pressure . _ 
c . ) 4" diameter vert ical turbine pump with part iculate filter 

screens . Top mounted motor, 50 - 60 foot head, 
5 - 10 gpm. 

7. ) Decontamination equ ipment : 
a . ) Sp ray r ing; water wash, same as sluic ing head, located 

above risers, used t o clean slu icing equipment dur ing 
removal from tank . Wash water to drain back into tank . 

8. ) Liquid waste transfer pip ing : 
a.) 2" Air operated diaphragm type pump to pump s ludge. 

Pump located at tank CX-72. 
b.) 2" schedule 40, encased pipe, rrom diaphragm type pump to 

iso lation point number 15 (Approx. 65 feet ). Install 
above ground and berm fo r sh ield ing . 

c.) Piping exists between isolation point number IS and 
TK-003-CR in the 244-CR Vault. 

9.) Cleanliness verificat ion : 

15,000 

3,000 

5, 000 

5,000 

3,000 

12,000 

12,000 

6,800 
25,000 

1,000 

5,000 

15,000 

5,000 

12,000 

4,000 

--0--

a . ) Remote TV, boroscope, or contact smear sample . ---- 40, 000 

131,445 

23, 000 

8,000 

24,000 

31.800 

21. 000 

5, 000 

16,000 

40 ,000 
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___________ D.,.E ... S""CR;.;.l:.;.P ... T.:..IO""'N'------------~ Total . $ 

10.) DecC'!11Tlission Tank: 
a.) Re-sample for leakage around caisson in previously core 

dril led holes . 
b.) After remova l of sludge and re-samp ling tor leakage 

around caisson, pump grout into void left by s ludge 
removal and drilled holes . 

c . ) Sea 1 ·11e 1 d surface openings in tank . 
d.) Remove containment building. 

Subtotal 

Civil Engineering (25% of 317,245) 

Mechanical Engineering (40% of 317,245) 

Subtotal 

G & A/ CSP (26% of 523,454) 

Subtotal 

Cont ingencies (35% of 659,552) 

TOTAL 

2,000 

5, 000 
4,000 
6, 000 17,000 

317,245 

79,311 

126,898 

523,454 

136,098 

659,552 

230,843 

890,396 
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APPENDIX D - OTHER ALTERNATIVES CONSIDERED BUT NOT DEVELOPED 
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Several sampling and retrieval options were considered but were ruled 
out because for various reasons. This appendix provides a synopsis of those 
options considered and a brief explanation of why the option was discounted. 

1. Descri ption: 
Remove tank from caisson, transport in a shielded cask to 212 buildings , 
cut up and dispose of waste. 

Discussion: 
This option was rejected based on the fact that the proposed building 
remains as a shell that is used for storage. This facility would have 
to be refurbished, and a means for transferring the waste to the tank 
farms would have to be devised. Procurement of a shipping cask would 
also be required. 

2. Description: 

3. 

4. 

5. 

Remove tank, transport to the PUREX railroad tunnel to await disposal 
as part of the PUREX plant decommissioning effort. 

Discussion: 
This option does not actively manage the waste. It would only delay 
waste recovery. Procurement of a shipping cask would also be requ i red. 

Description: 
Remove tank and transport to tank 241-CX-70. Section tank 241-CX-72, 
weld a sluicing attachment to the opening of the tank, rotate the tank 
and sluice to tank 241-CX-70. 

Discussion: 
This option would require remote leak-tight welds. A shielded rotation 
device would be required to be fabricated. The grout layer is of poor 
struc t ural integrity and would probably not remain in place once the 
tank is sectioned. Provision for containing the grout would be 
required. 

Description: 
Remove tank and transport to a double shell tank. Section tank 
241-CX-72, weld a sluicing attachment to the opening of the tank, rotate 
the tank and sluice to double shell tank. 

Discussion: 
Similar problems as discussed in number 3. 

Description: 
"Float" tank 241-CX-72 out of the caisson while simultaneously 
backfilling the caisson with drilling mud or grout. 

Discussion: 
This option was proposed as a possible solution to the problem of 
lifting the tank without knowing the structural integrity of the tank 
bottom. The backfill material would support the tank as it is being 
lifted. Use of this method would require characterization of the sludge 
layer since they involve the use of water. Additionally , if the bottom 
of the tank leaks , the mud or grout has the potential for leaching TRU 
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material from within the tank, thus creating more TRU waste in the form 
of the drilling mud or grout that remains in the caisson. 

Description: 
Remove tank and caisson toget her. 

Discussion: 
This option would require a large excavation which would be quite 
expensive . 




