
H N F-4897-FP 
Revision 0 

Neutron and Gamma Probe 
Application to Hanford 
Tank 241 -SY- I01  

Prepared for the U S Department of Energy 
Assistant Secretary for Environmental Management 

Project Hanford Management Contractor for the 
U S  Department of Energy under Contract DE AC06 96RL13200 

W O R  DANIEL "FORD, INC 

P O  Box 1000 
R i c h l a n d  Washington 

Copyright License 
By acceptance of this article the publisher and/or recipient acknowledges the U S Government s right to retain 
a nonexclusive royalty free license m and to any copyright covering this paper 

9 

Approved for public release further dissemination unlimited 



0' 
J?$ INFORMATION CLEARANCE FORM 
\ 

A Information Category 

] Abstract 0 Journal Article 

7 Summary 0 Internet 

] visual Aid 0 Software 

3 Full Paper 0 Report 

7 Other 

Required Information 

E Document Number HNF-4897-FP 
C Title 

Neutron and G a m a  Probe Application to Hanford Tank 241-SY-101 

D Internet Address 

1 Is document potentially 

Manager @Signature squired 

If YES @ NO 0 Yes Classifie 
ADC Signature Required 

2 Internal Review Required7 @No O Y e s  
If Yes Document Signatures Below 

Counsel 

Program 

3 References In the Information are Applied Technology @No O Y e !  

Export Controlled Information @NO O Y e :  

F Complete1 

4 Does Information Contain the Following (MANDATORY) 

a New or Novel (Patentable) Subled Matter? @ No O Y e s  

If Yes Disclosure No 
b Informahon Received In Confidence Such as Proprietary andlor Inventions 

@No O Y e s  If Yes Affix Appropriate LegendslNolue~ 

c Copyrights? @No O Y e s  If Yes AttachPermlrsion 

d Trademarks7 @No O Y e s  If Yes ldentfy In Document 

5 Is Information requiring submission to OST17 @ No 0 Yes 

l fYes UC- and B6R- 

5 Release Level? @ Public 0 Limited 

7 Chargecode Htn Lm Od 3 1 

3 Journal Article 

Tiile of Journal 

G Complete for a Presentation 

Title for Conference or Meeting 

Group Sponsoring WM Symposia, Inc 

DateofConference 2-27-2000 4 City/State Tucson, Arlzonla 

Will Information be Published in Proceedings? 0 No @Yes 6 Will Matenal be Handed Out? 0 No @ Yes 

AuthorlRequestor Responslble Manager 

Waste Manaqement 2000  

I S Cannon 1 -  12 ZOO0 R E Raymond 
IPnnt and Stan) (Pnnt and Ban) 

Reviewers Yes Print Public YIN (If N complete J 

I E2 General Counsel Q G n e  rii I 

Office of External Affairs a C KuhLman 
O L  d C 6  r o  cdvKe- UJ 

C' 3 
DOE WDRr 

Other Y / N  

Other 0 Y / N  

If Information Includes Sensitive Information and is not to be released to the Public indicate category below Information Clearance Approval 

0 Applied Technology 0 Protected CRADA #-Jon O>f 5I,L",4YPt I)"VJ 2 0 -  

4 - 7 4 4  LI usur P L O i t  ? 
PersonallPrrvate Export Controlled 

0 Proprietary 0 Procurement Sensitive 

Business Sensitive Patentable 

0 Predecisronal 

0 UCNl 

F'*QJ F+ W ~ R I > / L ~ ~ ~ ,  L 
C 2 J  

A 6001 401 (OUSS 



H N F-4897-FP 
Revision 0 

Neutron and Gamma Probe 
Application to Hanford Tank 241 -SY- 
101 

N S Cannon 

F S Stong 

D A Barnes 

COGEMA Engineering Corporation 

COGEMA Engineering Corporation 

Lockheed Martin Hanford Company 

Date Published 
March 2000 

To Be Presented at 
Waste Management Symposia 2000 

WM Symposia Inc 
Tucson Arizona 

February 27 March 2 2000 

Published in 
Waste Management 2000 Proceedings 

Prepared for the U S Department of Energy 
Assistant Secretary for Environmental Management 

9 FLUOR DANIEL HINFORD, INC 

PO Box 1000 
Richland Washington 

Copyright License 
By acceptance of this article the publisher andlar recipient acknowledges the U S Government s right to retain 
a nonexclusive royalty free license in and to any copyright covering this paper 

Approved for public release further dissemination unlimited 



LEGAL DISCLAIMER 
This report was prepared as an account of work sponsored by 
an aaencv of the United States Government Neither the 

- I  

Unteo States Go.ernment nor any agency tnereof nor any of 
tne.r employees nor any of the r contractors sLbcontractors or 
the.r employees makes any warranty express or imp ,eo or 
assumes any legal laoil ty or responsio I.ly for the accdracy 
completeness or any thira partys use or the resuts of s x h  
m e  of any informatton apparatLs product or process 
dlsclosea or represents tnat its dse woula not infr nge private y 
ownea rights Reference here n to any specif c commercia 
proaJct process or sew ce by lraae name trademarm 
manLfactLrer or otherwise ooes not necessar ly consltute or 
imply its endorsement recommendation or favoring oy the 
Un.led Slates Go,ernment or any agency thereof or 11s 
contractors or sLbcontractors Tne views ana op n ons of 
aLthors expressed herein ao not necessarily slate or ref ect 
those of the Un ted States Government or any agency tnereof 

This report has been reproduced from the best available copy 

Pr nfsd 8n the United Stater of Amsnca 



RELEASE AUTHORIZATION 

Document 
Number HNF-4897-FP 

Document Neutron and Gamma Probe Application to Hanford Tank 
Title 241-SY-101 

This document, reviewed in accordance with DOE 
Order 241 1, "Scientific and Technical Information 
Management," and DOE G 241 1-1, "Guide to the 

Management of Scientific and Technical 
Information," does not contain classified or 

sensitive unclassified information and is 

APPROVED FOR PUBLIC RELEASE 

1/20/2000 

Lockheed MartinvServices, Inc 
Document Control /Information C1 earance 

vieued f o r  Applied Technology Business Sensitive Classified Copyrighted Export Controlled Patent 
rsonallPrivate Proprietary Protected CRADA Trademark Unclassified Controlled Nuclear Information 

LEGAL DISCLAIMER 
States Governnent Neither the U n i t e d  States Goverrnent nor any agency thereof 
enployees nor any of the i r  contractors subcontractors or the i r  enployees makes any uarranty express 
or irrplied or assunes any legal l i a b i l i t y  o r  responsibi l i ty for the accuracy completeness or any 
th i rd  party s use o r  the results of such use of any information or process 
disclosed or represents that i t s  use uould not infr inge pr ivately omed r ights 
any specif ic c m r c i a l  product process or service by trade n e ,  trademark manufacturer or 
otheruise does not necessarily' constitute or inply i t s  endorsement r e c m n d a t t o n  or favoring by the 
United States Covernnent o r  any agency thereof or i t s  contractors or subcontractors 
opinions of authors expressed herein do not necessarily state or re f lect  those of the United States 
Covermnt or any agency thereof 
i n  the united States of America 

This report uas prepared as an accotmt of work sponsored by an agency o f  the United 
not any o f  the i r  

apparatus product 
Reference herein to  

The vieus and 

This report has been reproduced frm the best available copy Printed 

A 6001 400 2 ( 0 9 / 9 4 )  



"F-4897-FP 

NEUTRON AND GAMMA PROBE APPLICATION TO HANFORD TANK 
241-SY-101 

N S Cannon D A Barnes, and F S Stong 

ABSTRACT 

A neutron (mor rtzire-sensitive) and gamma fin-situ radiation) probe technique hac beeti 
utilized at a number ofHanford radioactive waste tank? for many years Thir technology has 
been adapted for tire i n  tank 241-SY-101's two Miiltrfirnctiori Instriiment Trees (MITs) which 
have a hollow dry-well center opeiting two incheJ (5 I em) in dianieter There prober provide 
scanr starting within a few incher of the tank bottom and traversing zip through the top of the 
tank revealing a variely of waste feafiirer ar a function of tank elevation These features have 
been correlated with void fraction data obtained independently from two other devices the 
Retained Gas Sampler (RGS) and the Void Fraction Instrument (VFI) The MITprobes offer the 
advantage of nearly continuoub count-rate versus elevation scanr and they can be operated 
significantly more often and at lower cost than temperature probes or the RGS or VFI devices 
while providing better depth resolution 

The waste level in tank 241-SY-IO1 had been rising at higher rates than expected during 
1998 and early I999 indicating an iricrearing amount of trappedgas it1 the waste The lire of 
the MITprobes ha, asrirted i n  evaluating changes in crurt thrcktlerr and level and also i t1  

estimating relative changes it1 gas stored in the crust This information is important in arairing 
that the tank remain7 in a safe configuration and will nipport safe waste transfer when those 
opera tiom take place 

Bared on the MITprohe data starting in February 1999 the 241-SY-IO1 crurt surface 
elevation and thicktie., s increased during the intervening months into May 1999 During this 
period the bottom-of-the-crust elevation decreased to the point that there was concerti that it 
might reach the mixer pump inlet potentially reducing the pump efficiency However szibseqzient 
to the operation ofthe Mechanical Mitigation Arm (M4A) in May 1999 the eruct surface level 
decreared rlightty while the crurt bottom elevation increased (and crust thicktzecc decreased) 
steadily irntil about mid-July and then stabilized The MMA had introdiiced crust penetrations 
that provided for a controlled release of some of the stored gas a r  intended 

INTRODUCTION 

There are a number of radioactive waste storage tanks at Hanford in which potentially 
flammable gases are produced These tanks continue to undergo close scrutiny evaluation and 
remediation (as required) to assure that they remain in a safe configuration Perhaps the best 
known ofthese tanks has been the double shell tank 241-SY-101 (SY-101) For years prior to 
1993 hydrogen gas generated in the waste periodically built up at lower tank levels to the point 
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that increased buoyancy caused a ‘roll-over event in which the bottom waste exchanged position 
with the waste at the top releasing a relatively large quantity of gas Often after such a gas 
release event (GRE) in SY-IO1 the hydrogen flammability limit was exceeded in the tank 
headspace for a short time, until exhaust fans exchanged enough a r  to reduce the hydrogen 
concentration Although the tank was engineered to eliminate ignition sources an additional 
margin of safety was achieved in July 1993 when a high power mixer pump was installed in the 
tank This mixer pump was intended to prevent the build up of trapped gases in the waste by 
providing for continuous gas release at headspace concentrations well below the flammability 
limit 

Prior to the installation of the SY-IO1 mixer pump GREs were occurring roughly every 
100 days there have been no GREs in this tank since the installationloperation of the pump 
However the crust surface level of SY-101 started to rise in late 1997, even though no additional 
material had been added to the tank This rise was assumed to indicate an increase in gas 
retention within the waste causing an increase in waste volume Thus the rising waste level 
might be an indication of a decreasing margin of safety for the SY-101 tank 

In order to mitigate potential problems that might arise from the increasing crust level an 
aggressive program was developed to transfer a portion ofthe radioactive waste in SY-101 to 
Tank 241-SY-102 (1) As part ofthis program a mechanical mitigation arm (MMA) was 
developed and deployed in SY-101 to produce relatively small holes in the waste crust This step 
released some of the gas trapped in the waste providing temporary relief from crust growth, and 
has allowed more time to complete the waste transfer operations When the transfer operations 
are started, waste in both tanks will be diluted with water to reduce viscosity which is expected 
to reduce the quantity of gases trapped in the waste 

Neutron and gamma probe hardware in use at Hanford has been adapted for use in 
SY-101 MITs starting in February 1999 These instruments have provided data that has been 
useful in evaluating and tracking gas void concentrations within the SY-IO1 waste, as will be 
discussed These MIT probes offer the advantage of nearly continuous count-rate versus elevation 
scans and they can be operated significantly more often and at lower cost than temperature 
probes or the RGS or VFI devices relied on previously for this type of data The exact depth of 
major waste features is also much more accurately determined using the neutron and gamma 
probes 

It is expected that use ofthese MIT probes at SY-IO1 will continue after the waste 
transfer operations have been completed in order to monitor the new conditions in this tank 

EQUIPMENT 

Liquid Observation Well Probes 

Neutron probes have been used at Hanford for a variety of purposes for more than 20 
years Currently both neutron and gamma probes are being used in liquid observation wells 
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(LOWs) installed in more than 60 radioactive waste storage tanks The LOWs are typically 
fiberglass closed-end tubes of nominally 3 5-inch (8 9-cm) outside diameter, generally 40 ft  to 60 
ft (12 m to 18 m) long inserted vertically into the waste of a given tank with the closed end near 
the tank bottom A neutron (or gamma) probe is lowered to the bottom of the LOW then raised 
slowly while providing count-rate versus elevation data Thus a scan of waste properties can be 
obtained without contaminating the test probe A custom control file is provided for each well 
that allows the LOW van computer to adjust scanning speed to provide ‘high-resolution data 
through zones of particular interest 

Variations in count-rate usually correspond to variations in moisture content in the vicinity 
of the LOW for both the neutron and gamma probes The neutron probe contains a fast’ neutron 
source (AmBe) and a ‘slow neutron detector (BF3) water is very effective in slowing the source 
neutrons into the energy range of the detector (due to hydrogen atom collisions with the fast 
neutrons) Thus high neutron probe count-rates are associated with relatively high moisture 
content of the waste surrounding the LOW at a given elevation The gamma probe uses a 
standard Geiger-Muller (GM) tube, which includes sensitivity to radioactive isotopes, primarily 
cesium in this application Due to its relatively high solubility the cesium tends to follow the 
moisture in the waste, so that the gamma probe is also sensitive to tank moisture These two 
separate instruments used together provide independent verification of moisture features observed 
in the tank waste 

These probes are operated from a mobile LOW van that provides power computerized 
counting instrumentation and vertical positioning capability The van computer controls the 
probe vertical position via a highly accurate cabling system The probe can be raised or lowered 
throughout the LOW s nominal 50 ft (15 24 m) length while the probe s elevation is known 
accurately to within 0 25 inches per 100 ft (0 208 mm per meter) of LOW length by design 
specification In practice the actual elevation accuracy is often better than 0 10 inches (2 54 mm) 
at the typical 40 - 60 ft  (12 - 18 m) survey depth 

The LOW probes are used primarily to track the interstitial liquid level (ILL) in these 
waste tanks A change in the ILL, particularly a decrease in elevation, can indicate a leak in the 
tank 

MIT Probes 

Use of neutron and gamma probes in SY-101 can assist in understanding the rising crust 
level and would have the potential of identifying and tracking elevations of gas buildup in the 
tank waste (Increasing gas void in the waste effectively decreases moisture content, causing a 
reduction in probe count-rate at that particular elevation ) However an LOW does not exist in 
SY-IO1 and installing one was known to be prohibitively expensive 

A viable alternative was to modify the LOW probe design to reduce the probe diameter 
from 2 75 inches (6 99 cm) to nominally 1 85 inches (4 70 cm) the modified probe could then be 
lowered down the 2 inch (5 08 cm) validation tube of either of two MITs already installed in 
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SY-101 An MIT is a vertical assembly extending from above the tank to within a few inches of 
the tank bottom, and containing an array of thermocouples to measure the waste temperature as a 
function of elevation The validation tube is a hollow dry-well central opening that runs nearly the 
length of the MIT it is used to calibrate MIT thermocouples (TCs) by allowing a calibrated 
temperature device to be lowered to matching TC elevations for comparison of their readings 

MITs are made of 300 series stainless steel (rather than fiberglass) and for the length of 
interest (portion embedded in the headspace and waste) essentially consist of a tube within a 
tube separated by bulkheads and sealed at the bottom The outer tube has an outside diameter of 
nominally 3 5 inches (8 89 cm) while the inner validation tube has an inside diameter of 2 inches 
(5 08 cm) TCs pass through the bulkheads and are attached at various elevations between the 
tubes For the probes the effective outside diameter of the MIT of 3 5 inches (8 89 cm) matches 
the LOW diameter while the difference between stainless steel and fiberglass has only a minor 
effect on the operation of the probes The MIT steel is actually more invisible to the neutrons 
than the LOW fiberglass but IS slightly more shielding for the gamma probe 

The new MIT probes have a reduced design diameter of 1 85 inches (4 70 cm) and an 
approximate length of 28 inches (71 1 cm) The reduction in probe diameter required 
procurement of new detectors for both types of probes consistent with the new probe geometry 
The MIT probes are fully compatible with the existing LOW van hardware and instrumentation 
which resulted in a significant cost savings in extending service to SY-101, since no new hardware 
or procedures were required (other than the probes) 

Operation 

An illustration of the operation of the MIT probes IS given in Figure 1, in which actual 
neutron probe data obtained on February 18, 1999 is attached as an example The LOW van IS 

driven to the location of the appropriate tank riser and the probe is set up over a pulley assembly 
specially attached to the MIT valve cover flange M e r  setting the zero elevation point the 
probe is lowered by the computer controlled winch to near the tank bottom and count-rate data 
collection is initiated During data acquisition the probe IS raised slowly to the top of the riser at 
varying rates to allow increased data resolution at the elevations of special interest 

The LOW van computer tracks elevation as measured from the bottom of the probe 
however during later analysis a probe offset IS added to this raw data elevation to compensate 
for the ‘effective position of the detectors within the probe For the MIT gamma probe an offset 
of 1 8 inches (4 57 cm) IS determined from the geometry of a radlal slot cut in a tungsten shielding 
block positioned around the detector The MIT neutron probe offset of 5 83 inches (14 81 cm) 
was determined from a series of water submersion tests in which the count-rate is tracked versus 
elevation as the probe is lowered through the surface of a water bath This count-rate data was 
compared to the known elevation of the aidwater interface to determine the probe offset 
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DATA ANALYSIS 

Data Interpretation 

The February 18 1999 data scans (including offset adjustment) for both MIT neutron and 
gamma probes results are plotted in Figure 2 along with Retained Gas Sampler (RGS) Void 
Fraction Instrument (VFI) and temperature probe data For comparison purposes the neutron 
and gamma probe count-rates have been divided by 5 5 and 90 respectively, allowing their 
presentation on the same scale as the RGS VFI and temperature data Note that the temperature 
probe data (2) was obtained four days after the MIT neutron and gamma probe runs (in the 
validation tube of the same 17B MIT) the RGS (3) and VFI (4) data was obtained three to five 
months earlier 

From near the tank bottom to about the 340-inch (864-cm) elevation all five data sets 
indicate a nearly homogeneous waste condition The relatively high neutron probe count-rate is 
consistent with this region being a low void fraction slurry, a conclusion supported by the RGS 
and VFI data which indicate that the void fraction is generally less than 3 percent 

At about the 340-inch (864-cm) elevation there is a steep decrease in the neutron probe 
count-rate which corresponds with an equally steep increase in the RGS and VFI void fraction 
(to 43 percent) at least within the resolution of the available data The gamma probe count-rate 
and temperature probe data also show a decreasing inflection point at this level that IS consistent 
with increasing void fraction 

The neutron probe data show a roughly 30 inch (76 cm) plateau from approximately 340 
to 370 inches (864 to 940 cm) in elevation which has been interpreted as a bubbly high void 
fraction layer at the bottom of the waste crust Above 370 inches (940 cm) based on the neutron 
probe data there is steadily decreasing void fraction until about the 410-inch (1041-cm) elevation, 
an interpretation that is also supported by the RGS and VFI results where comparable data are 
available 

Above 410 inches (1041 cm) the neutron probe count-rate decreases steadily to near zero 
by the 430-inch (1092-cm) elevation mark, this decrease IS interpreted as due to the crust drying 
out at the top rather than occurring because of increasing void fraction The gamma probe 
count-rate also decreases steadily to a clear inflection point at the 430-inch (1092-cm) elevation 
which is also interpreted as due to reaching the top of the crust Independent mechanical 
instrumentation (ENRAF R1A) measured the surface of the waste at 429 2 inches (1090 17 cm) 
in elevation on February 18 1999 (5) Since the crust has a rough surface varying several inches 
in height between the measurement locations, this agreement with the neutron and gamma probe 
values may be partially coincidental 

Above the 430-inch (1092-cm) elevation, the neutron probe count-rate remains low since 
there is relatively little moisture in the headspace within the limited radial probe range, estimated 
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at 6 to 8 inches (15 to 20 cm) beyond the MIT outside diameter Once the neutron probe reaches 
the 500-inch (1270-cm) level the count-rate increases again as it is drawn up through the 
moisture-laden concrete soil and gravel above the top of the tank Although the gamma probe 
count-rate continues to decrease with elevation in the headspace it doesn t drop to zero because 
the gamma radiation off the waste surface has a much greater effective range (until it becomes 
shielded when the probe exits the headspace) The ‘bump-up in gamma probe count-rate just 
prior to reaching the waste surface may be due to concentration of radioactive cesium near the 
surface due to some sort of a drying out process 

Data Analysis Technique 

Although the combined MIT neutron and gamma probe data provides an opportunity to 
extract more detailed information about the tank crust due to space limitations for this paper 
only crust top and bottom elevations, and crust gas retention trends will be discussed in detail 

For a given MIT neutron or gamma probe scan the crust top and bottom elevations are 
determined from inflection points in the scan plot by definition, these inflection points are the 
intersection of two lines manually fitted to the scan plot at the elevation corresponding to the 
feature in question For example the average of the neutron probe count-rate from the 100 to 
300-inch (254 to 762-cm) elevation is drawn on a plot of the scan and another line is drawn along 
the steep count-rate decrease corresponding to the crust bottom The intersection of these two 
lines is defined as the elevation for the bottom of the crust At the top of the crust two similar 
lines are graphically fitted to the data at the point where the neutron probe count-rate decreases to 
essentially zero with their intersection defining the elevation of the crust top A similar process is 
also performed for the gamma probe data Although more sophisticated techniques for 
determining the crust top and bottom elevations from the MIT probe data will probably be utilized 
in the fbture the simple methods described here are considered effective for tracking trends The 
relative changes in crust feature elevations are determined by subtraction a process expected to 
cancel elevation offsets that might vary between techniques 

The following method is also used for calculating a crust gas inventory’ (CGI) factor, 
intended to be proportional to the gas retained in the waste crust Although not quantifying the 
amount of gas stored in the crust this factor can be used to indicate relative changes in the stored 
gas content The CGI is calculated by determining the area (through numerical integration) 
produced by the dip in the neutron probe count-rate below the average count-rate observed in the 
lower tank homogeneous slurry The boundaries of the numerical integration are set from the 
bottom of the crust to the mid-point of the maximum count-rate peak before the count-rate falls 
to near zero at the crust top For example the CGI integration bounds would be from about 340 
to 406 inches (864 to 103 1 cm) in elevation for the Figure 2 neutron probe data 

A major assumption in defining the CGI factor as given above is that the neutron probe 
count-rate decreases linearly with increasing waste gas quantity Although this assumption IS 

reasonable to a point it is known that the single detector BF, response to moisture IS not linear, 
and its sensitivity decreases with increasing moisture In general the response typically forms a 
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hyperbolic curve although the exact shape of that curve for this particular detector is not 
currently known Also the upper bound for the integration is defined at a point where two 
different mechanisms (decreasing void fraction and loss of moisture at the crust top) are affecting 
the probe count-rate which may lead to an additional CGI calculation error Despite these 
problems, the CGI factor is considered a usehl tool for tracking relative changes in crust gas 
retention 

RESULTS 

The first runs of both the reduced diameter neutron and gamma probes in both of the two 
SY-IO1 MITs occurred on February 18 1999 MIT probe runs have continued through the 
present, and are planned to continue after a portion of the contents of SY-IO1 have been 
transferred to another double shelled tank This will allow tracking of the effect of the waste 
transfer on the properties of the waste left in SY-101 However the results presented here will 
include only the data obtained up to scans performed on November1 1, 1999, in order to comply 
with publication deadlines 

Crust elevations and the CGI factors determined from the MIT probe data obtained 
between February and November of 1999 are given in Table 1 The values given in this table for 
the crust top and bottom elevations represent an average of the neutron and gamma probe results 
for the particular MIT indicated unless otherwise noted Figure 3 presents the trends for these 
crust elevations and Figure 4 indicates the CGI trends over the described time period 

As can be observed from the Figure 3 trends, the elevation of the bottom of the crust 
decreased steadily until about June 1 1999, while the elevation of the crust top stopped increasing 
between May 3 and May 12, 1999 The operation of the Mechanical Mitigation Arm (MMA) to 
puncture the SY-101 crust surface is considered to be a major factor in producing the change 
observed in the crust growth trends, particularly for the bottom of the crust The MMA was first 
used on May 20 1999, and then again on May 26 1999 The bottom of the crust elevation stops 
decreasing on June 1 1999, which is consistent with the MMA operation reducing (over time) the 
crust gas inventory (see Figure 4) Although the nse in elevation of top of the crust appears to 
have slowed before the operation of the MMA, the first significant elevation decrease occurs on 
May 24 1999 after the first penetration of the crust 

The inlet of the SY-101 mixer pump is 236 inches (600 cm) above the tank bottom (6) as 
the bottom of the crust level decreased there was concern that it might reach the pump inlet If 
the higher void faction waste at the bottom of the crust was drawn into the mixer pump inlet, it is 
likely that the pump efficiency would have been decreased Thus the MIT neutron and gamma 
probe data has shown that the operation of the MMA has alleviated this potential problem 

Starting in April 1999 the bottom of the crust feature started to broaden as its elevation 
began to decrease This suggested that the transition to high void fraction at the crust bottom 
became more gradual as the total crust gas inventory built up This gradual transition was 
retained after the MMA operation reduced the crust gas inventory (see Figure 4) However, in 
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more narrow, an effect that appears to correspond to the increase in total crust gas inventory 
starting in August, as observed in Figure 4 

It is possible that the increase in crust gas inventory and the increasing transition gradient 
at the crust bottom may signal that the bottom of the crust may again begin to grow down in 
elevation toward the pump inlet Most likely, the partial waste transfer (and back-dilution) from 
SY-101 ul l l  begin before this occurs Regardless, the MIT neutron and gamma probes will 
continue to provide a valuable tool to monitor the elevations and trends of various crust features 
ulthin SY-IO1 

FUTURE PLANS 

Several additional double-shell tanks are on the “Flammable Gas Watch List” at Hanford, 
indicating that they at least have the potential to retam and possibly release explosive levels of 
flammable gasses Since most of these tanks are also equipped with MITs, this same neutron and 
gamma probe t e c h q u e  will be applied to all appropnate tanks during Fiscal Year 2000 The 
information obtamed should provlde important additional understanding about the nature of these 
retamed gasses, and assist in engineering evaluations of the potential for sudden gas release 
events The fact that this data can be obtained relatively inexpensively is an added advantage in 
extending the application of the MIT probes to these tanks 
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Figure 2 Comparison of MIT Neutron and Gamma Probe Results (2-18-99) with RGS, VFI and 
Temperature Probe Data 
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