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RESULTS OF SLUDGE MOBIIJZATION TESTING AT " F O R D  
EIGE-LEVEL WASTE TANK 

Thomu w. stachr, COGEMAmgkmhg Corpontion 
Alan B. Clrlson, Numatw HanRud Corpmtion 

ABSTRACT 

Wutc stored in Tank 241-AZ-101 at the United S U a  Dqmbmnt dBnagy H.nEwd Si 
is scheduled u the initial feed for high-level wute 
holds over 3,000,000 litar of wute nude up of a settled 8ludge kyer d by 8 layer of liquid 
supematant. To retrieve the wute b n t h e  tank, it is necsuuyto diu rrd curpsadthe 
settled sludge so that the mlt ing  slurry can be pumped from the tank for trertmont rad 
vitrification. 

+ . Trdr 241-&IO1 oucldatfy . .  

Two 223.8-kilowatt mixer pump8 have been i d l e d  in Tank 241-&101 to mobilizs the 
settled sludge layer of wute for retrieval. In May of 2000, the mix= paps was m&jecbd to a 
series oftestst0 d d n e  (1)the extent to which the mixer pump8 d laobila tBa ratlsd 
sludge layer of waste, (2) if the mixer pumps could function within opmting Puuwrcrq md (3) 
if state-of-the-art monitoring equipment could effectively monitor and quantify the degm of 
sludge mobilization and suspension. 

This psper prercntr the mrjor finding6 rad nruhr oftha Tu& 24l-AzlO1 mixer pump 
tests, based on urolysir of data and wute runplea thatwas cdlected ddngtbtcatiq. 
Discussion of the resub foaues on the effective cleaning rdiur rohiswe rad the volume and 
concentration of sludge mobilized, with both one and two pumps W n g  in vuious 
configurations and speeds. 

pmmeten were measured using rchul waste in anundagpound atomgetrdrrtthsHanfbrd 
Site. The methods and instrumentsthatwereu.dtomamuewutG dit r t ionprnmstain 
Tank 241-AZ-101 can be used in othcrtanks. It cur be conchdd &om t h e w  that the use of 
mixer pumps is an effective retrieval mahod for the mobi l ion  of rattled solids in 

The Tank 241-AZ-101 mixer p u m ~  testrr w c l ~  in thrt m o b i l d ~ n  

Tank 241-AZ-101. 

INTRODUCTION 

Radioactive chemical wute gtnarted from decder of n d o u  weapom production at the 
United States Department of- H.nford Si ia 3taed in 177 lradapatld sbmgatrab. 
As put ofthe mission to clunup the Hrnford S i  t.drwnteswiU berstrlsusd. pce&~&, rad 
immobilized for find disposal. High-level wute staged in d e r g m d  doubleahell traks will 
be retrieved and transferred Vi. piping to a new Waste Trsmnsat Plant. The high-level wutc 
staged in double-shell tanks ir nude up of catlod soli& in I sludge layer covered by a layer of 
supmatant. The sludge will be mixed with the rupanrtrnt to form a slurry that can be pumped 
fiom the tanks. 
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Mixer pump systems were chosen M the planned retrieval mcthcnl for d o u b l a ~ l l  tanks 
based on engineering technology studies, past experience with hydrwlic sluicing at the Hurfiord 
Site, and expiewe with mixer pumps at other United Strter Deputmsat of Energy aites. 
Retried work at the Savannah River Site and the West Vdley Nuclear Saviosr Si hr &own 
thatmorethrnonemixerpumpmustbewedinatanktorchimewutemobiliintionofa~ 
fiaction of the settled solids (Ref. 1). W o r d  doublashcll tank wwtc is thought to be similar to 
the Savannah River Site waste; therefore, it is probable that multiple mixer pumps will be 
required. 

Limited testing has beenpsrformed in waste trnlo at the Hanfoni Si ontheurc of a 
single mixer pump for mitigation of safety issues such M hydrogen geaartiOa; h e r ,  
multiple mixer pump systems for waste ru r i ed  have not beem terted. Tbir p~par doamem the 
results of sludge mobilization kating in M a y  of 2000 using mixer pumps in Tank 241-AZ-101 
(Ref 2). The sludge mobilization e f f d v e m r  of mixer pump8 CUI bc e * by-w 
the effective cleaning radius. Thc effective cleaning radius in defined u the rdtf dirtrnce &om 
the pump mtcrline that the mixer pump jet CUI efF&vely mobilize the sludge louted at the 
bottom of the tank. Testing war paformed to determine if the effective deudq ndiur could be 
measured reliably in a full-scale tank with the available instrumem lad i f the mixer pumps 
could mobilize the sludge to a predicted effective cleaning rdiur. S w  mobi ldon  
measurement is used to predict the amount of settled solid material that CUI be rstrieved fiom a 
tank. Predicting the mount of sludge that can be mobilized is important for planning delivery of 
waste feed batches to the Waste Treatment Plant. 

TEST EQUIPMJCNT AND INSTRUMENTATION 

Tank 241-AZ-101 

Tank 241-AZ-101 is located in the AZ Tank Farm in the W o r d  Site uw) Erst Area. 
The 23-meter inside-dmeter undaground double-shell storage tank hu a 3,789,400-litSr 

a u r s n t d  
waste, including approximately 40 c c n t i m m  of dud#e ( d e d  dids)  c o d  by 7 mekrs of 
supernatant. Heat is generated within the waste primarily &om rdiolrctivc decay. B d h  the 
start ofthe test, the estimated heat generation rate was 46.1 kiloanttr pa hour in the sludge and 
33.3 kilowatts per hour in the supematant 
approximately 63 "C in the sludge and 54 "C in the aupanrtmt. 

storage cspacity. The tank currently W&M over 3,000,000 l i i  of nsutntrzed ' 

3). The initial waste taqmtum averaged 

Tank 241-AZ-101 has primary and secondary ateel linen, both madrind hide a 
reinforced concrete shell. It has a flat bottom and a domd top with a of rpproXimately 
10.7 metm at the walls and a height of 13.9 mstar at the cartsr. The tank in baaw grade and 
has approximately 2.1 metm of soil overburden for shielding. Aoceu into the tank for 
instrumentation and equipment is available thr@ pipe penehtioru or riwn of d o u r  shes at 
various locations on the tank dome. A primary vaaihthn rystem 1n8illt.i~ the tank at a 
negative pressure so that all air leakage is into the tank rir rprce. An additional ventilation 
system is available for the annulus area between the two liners. 
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Numerous in-tank components include 22 &-lift drculrtar rad 12 w h  for 
instrumentation. The air-lift circulators wcrc usad to M a l y  d i m  Aids while tbe tank wu 
being filled and to mitigate hot spots in the tank caused by sludge pile-up. "ha &4ii circuhm 
had not operated for about 7 years before the tu&, during which time the dids  M settled ud 
consolidated. 

Item 

Mmr Pumps 

J-C- 

Diameter of each n o d e  
Plow nte of each nozzle 
Fluid velocity @ each 
n o d e  
Jet flow direction 

15 C m t h a a Y  

19,700 Umin @ 1,OOO rpm 

2.7 ma/s @ 1,OOO rpm 

Horizontrl 
43 Centimatcra 

180 degrees orcillati~ at 0.05 to 0.2 rpm 

N o d e  canterline 
distribution above floor 
Pump platform rotation 
Speed 
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Instrumentation 

The primary method for d d n i n g  the mixer pump effective cleaning radius WM by 
monitoring thermocouples located in and around the sludge layer. Tempg;rturcs in the sludge 
were, on avmge, approximately 9 OC higher than in the supmatant before the stut of the test. 
The effective cleaning radius of the mixer pumps wan determined by inferring movement of 
sludge away from thermocouples based on dscreuer to the ldi waste tempentures. 
Thermocouples also were used to determine the change to the bulk waste temperature caused by 
operation of the mixer pumps. 

Thermocouples used to monitor changes in waste tanpentun include (1) tank bottom 
thermocouples located just under the primary liner, (2) air-lili circulator thennocouples that 
protrude from the air-lie circulator clssrmblia to a p p m x i d y  10 ccntimetm off the tank 
bottom, (3) thennocouples at the bottom of tank drywells located approximately 10 centimeters 
off the tank bottoq and (4) profile thennocouplr loclted at appdmatcly 10,35, and 
355 Centimeters off the tank floor. Thamocwple data were reui md recorded at specific 
intervals before, during, and rffa pump opsntion. With the exception of seven locally read 
thermocouples, all thermocouple dah were d ud recoded through a dah acquisition system 
located in the 241-AZ-156 Building outaide ofthe AZ Tank Fum. The seven locally read 
thermocouples included four sludge thcnnocouples md three profile thamocouples that were 
manually read by operators by connecting a meter to the thermocouple I d  at the top of the 
tank. 

Other instruments used to help determine sludge depth and/or movement included the 
following: 

Sludge weight& consisting of flat metal plate8 CoDllCctdd to gradwed cable# that are 
manually lowered down a risa until they rtop at the sludge surfkc. A diatancc reading is 
taken at the tank nutice, and a sludge depth can be calculated by subtracting the obtained 
reading from the known distance to the bottom of the tank 

Thra ultrasonic interface level analyzers, which une an ultrrsonic ranging technique to 
measure the depth of the sludge intafrcec in the tanks. The ultrrsonic interface level 
analyzers were mounted at three #pante risa locatio~ during the test 

A suspended-solids profiler, which UICI a light-lcrtta tschniqw to measure the 
suspended solids concentration as a function of height from the bottom of the tank. The 
suspended solids profiler was louted on a rim between the two mixer pumps during the 
test 

Two pottoble gamma activity detection ryrtrmq which wcrc used to monitor total 
gamma activity within the waste. The gamma detectorr d d  be lowered down a number 
of different drywells to obtain gamma activity profiles. 
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TEST PROCEDURE 

Sludge mobilization effediveness was determined by meawing the effective cleaning 
radius with one pump operating in a fixed mode, and with one and two punpa operating in an 
oscillating mode. The primary method for determining the effective cleaning ndius was by 
monitoring thermocouples at known  location^ for a decmaae in temparture as the sludge was 
being removed and replaced with the cooler s u m .  Before operation of the pumps, the 
average tempapture measured in the sludge layer was approximately 9 'C higher than the 
supematmt tanpaature. The average tanpature of the indating anmete tbsrmocouples, 
located just under the tank floor liner, was approximately 7.8 'C higher than the supematant 
temperature. Ifthe thermocouple temperature at a specific location was observed to decrease by 
2.8 'C or more for approximately 30 minutes, it was assumed that the mixer pump($ "cleaned" 
the sludge off of the thermocouple and mobilized the waste to that point. 

The tenn "fixed mode" is used to dsraibe operation of the pump when the discharge 
nodes are oriented at a particular angle and Axed at that angle during testing. Testing to 
determine the effective cleaning radiua in the fixed mode was performed with mixer pump no. 1 
oriented to four merent fixed positiona (see Table n). The positions WQC &sen so that initial 
testing also d d  be performed to d d n e  the force of the mixa pump jet against specific in- 
tank components. At each position, the pump was oriented toward a rpecific in-tank air-lift 
circulator or instrumentdon drywell. Fine-tuning of the pump orientation was performed at 
each position to d d n e  the angle resulting in the maximum deflection ofthe component as 
viewed by clored-circuit television. After the angle wu dctsnnined, the pump was adju&-d to 
the angle of maximum deflection, or if no Medion w u  obaavcd, the pump waa positioned at 
the calculated angle of the component relative to the pump position. At each fixed position, the 
pump was operated for approximately 9 hours - three hours each at 700 rpm, 1,OOO rpm, and 
maximum sped (nominally 1,200 rpm). 

Tabk IL Muer Pump No. 1 Fucd Positions for Effective Cleaning Radius Testing 
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The distance to the farthest location where a sust.intCt tempsnture drop WM observed 
was determined to be the estimated effective cleaning radius for thU fixed position. The 
acamcy of this effective cleaning radius value is limited by the l o d o n  of rad dbtanced 
between thermocouples in the path of the pump flow and should, tharborq be W M a 
minimum distance in each w e .  For each fixed position, *tu@” 
that represent the maximum effective cleaning radius that could be achieved. Ifa Rut.insd 
temperature decrease was reached at the targe4 thsnnocouple, effective cleaning r d i u s  t d q  
was considered compkte at that position. In addition to tank themwmu- gunma probes, 
ultrasonic interface level d y m ,  suspended-solids profiler, and sludge weights also were used 
to monitor test parameters and record data during this phose of testing. 

wcm specii3ed 

The term “oscillating mode’’ is used to describe operation of the pump when the 
discharge nozzles are rotated back and forth approximately 180 degrees, Jlowiae tor 360 degree 
coverage around the pump. EfFective cleaning radius testing for one mixa pump ia ths 
oscillating mode was paformed with mixer pump no. 1 oscillating at 0.05 rpm ud opaatiq at 
pump motor speeds of 700 rpm, 1,OOO rpm, and nuximum aped. Tar@ tkmocouph were 
specified that reprwtcd the maximum effective cleaning radius that could be achieved. The 
mixer pump was operated for a maximum of 24 hours at each of the three pump motor speeds or 
until there was a sustained decrease of 2.8 OC at the target thermocouples. 

Effective cleaning radius testing for two mixer pumps in the oscillatisg mode WM 

essentially the same procadure Y for one pump except that both mixa pumps wccc opmted 
simultaneously at the same three openting speedr. However, opartioa ofmixa plmp no. 2 was 
limited to a speed of 700 rpm when dented beoween pump d e  poritiOar -30 degmw ud 
+30 degrees b a s e  of excessive deflection of a drywell, louted appmximrtely 3 nrstsn south 
of mixer pump no. 2. The first test sequence was oparted nomully, with both mixa puaps 
operating at a nominal speed of 700 rpm and oscillating at a rpsed of 0.05 rpn. At k i g k  pump 
speeds (1,OOO rpm and maximum), mixer pump no. 2 WM operated d y  Rtbor than 
continuously oscillated. Mixer pump no. 2 was operated at a fixed locrtion for a period oftime 
(nominally 1 to 2 hours) and then mormolly rotated to a fixed position, typically 10 de- from 
the previous position. When the pump nozzle position was moved betwan -30 degrees and 
+30 degrees or vice versa, the pump motor speed was reduced to 700 rpm rad the pump was 
rotated through this zone. The pump motor speed was then i n d  back to ita n o d  
operating speed for the test. This test sequence consisted of approximately 72 hours of operating 
time (24 hours each at 700 rpm, 1,OOO rpm, and maximum spced). 

TEST RESULTS 

Temperature data wae collected from thamocoupler located within the d u d ~  below the 
tank bottom to estimate the effective cleaning radius for various test aequcmccs paformed in the 
fixed mode and oscillating mode (Ref. 4). 
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Operation of One Pump in the Fixed Mode 
The test plan and procedure specify that during ked-mode testing, mixer pump no. 1 

operate for a minimum of 3 hours at each speed of 700 rpm, 1,OOO rpm, and maximum speed 
(nominally 1,200 rpm) at each position. The actual time and duration of pump operation at each 
speed and at each position is shown in Table III. At position 1, pump operation was intmptcd 
by a high-current alarm while opaptine at maximum apeed. The pump speed was reduced to 
700 rpm per the alarm response procedure and then gruiually increased while monitoring the 
pump voltage, current, and bearing temperatures. The pump speed was nised to 1,190 rpm, 
which was the maximum allowable to maintain cumnt below the alarm point. Total operating 
time at position 1 was approximately 11 hours and 40 minutes rather than the normal 9 hours. At 
position 3, the pump speed was lowered from 1,194 rpm to 1,185 rpm and then to 1,178 rpm, to 
keep a high current setpoint fiom alarming. 

Table IV shows each thsrmocouple that indicated a dried temperature decrease near 
the average solution temperature for each fixed position teated. The stuting and ending 
temperatures of each thamocouple m drown, M well as the ending avenge solution 
temperature at the completion of the test sequence. The distance to each affected thennocouple 
from the centerline of mixer pump no. 1 (Riser 1C) also is presented in the table (effective 
cleaning radius). Figure 1 is a d m  of the tank bottom, identifying thamocouples in the 
sludge or underneath the tank bottom (labeled as inaulating concrete thamocouples). The 
diagram shows the sludge areas that were cleaned in each pump position, 
drop in thermocouple temperatures. 

determined from the 

Thermocouple response was not dependent on thsrmocouple type (i.e., insulating 
concrete, air-lift circulator, profile thamocouple tra, or rludge). Some of the thaaocouples 
showed relatively rapid deaeurer &om sludge tanperatwe to dution tcmparture, while other 
thermocouple responses were more gradual. Garsrrlly, once a thamocoupk temperature was 
near the solution temperature it would sustain this lower tanparture reading. Thamocouple 
temperatures would slowly rise over time when the mixer pump was turned off or turned to a 
different position, indicating that the solids were again settling. 

The areas of sludge removed by the mixer pump in the k e d  mode m piashaped, as 
shown in Figure 1. The angle produced by the jet at each of the four fixed positions, based on 
thermocouple measurements, wed from 23 d q p e a  to 29 degrees. Tltcsc values are 
conservative because of the spacing of the h m 0 ~ 0 ~ p k 8 .  The .mount of sludge mobilized is 
time dependent and was limited during the fixed-mode test h s e  of the short (9 hours) run 
time. 
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Table III. Test Duration in the Fixed Mode with One Pump Operating 

Porition 1 1 

Speed (rpm) 
700 

1,OOO 
Maximum 
TOTAL 

Actual Speed Date StNt ShP Duration 
725 04/30/00 7: 10 1o:w 2 5 9  

1.OOO 1009 13:lO 3:Ol 
1,178 13:lO 16:19 3:09 

%e9 
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Table IV. Mixer Pump No. 1 (Ri8er 1C) m ? W ~ t b B  
Effective Cleaning Radius Tediq Rmults 
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. .  

Figure 1. Eltimate of Sludge ck.rcd By Mixer Pump No. 1 Opeintion in the Fixed Mode 
at 700 rpm, 1,OOO rpm, and Muimum Speed 
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The exact volume of sludge that wu mobilized in the fixed mode, oonwponding to the 
effective cleaning radius at each position, is difficult to determine from tbarocouple data for 
several reasons. F i  and foremost, the lccu~cy of the effective cluninp radius is limited to the 
spacing of the operational thermocouples, which in some casea& d metas apart. Thir 
gives a conservative estimate of the dTcctive cleaning radius. Secondly, becrure the ak-lifi 
circulator, sludge, and bottom-profile thamocouples used for meamring the effbctke dcdng 
radius are located 10.2 centimeten off the tank bottom, it is not known for artrim, ftom the 
change in thermocouple temperatures, if the mixer pumps c l d  the completely to the 
bottom of the tank floor. It is possible that sludge rcaidue leas than 10.2 oesltimsta deep- 
remain on the tank bottom, even if the sludge thamocmph rsach apmmtant -. 
Finally, because the mixer pump jet becomes less effective as it travel8 hrtha away &om the 
pump, the sludge likely will be cleaned to a greater depth nur the pump than it will farther away. 

Thermo 

Number 
couple 

Operation of One Pump in the Oselll.ting Mode 

Table V lists the thermocouples farolest Eom the mixer pump that rkowed a art.ined 
temperature drop close to the average solution tunperatwe h r  each spesd tsrted in the 
oscillating mode. The Stprting and ending tanparture of each hmowuple is shown, m wll as 
the ending average solution temperature at the completion of the test sequence. The effective 
cleaning radius also is presented in the table. 

5 P e  

Table V. Mixer Pump No. 1 Oscillating Effective CkrninB Radiur Rcrulb 

40 1 Air-liftcirculator I 8.8 I 66.6 54.9 I 54.8 

8 ] InsuIatingConcrete I 11.3 I 63.6 56.8 I 56.2 

11 



Figure 2 is a diagram of the tank bottom, identifyiq thomomupb in the 8ludgc or 
underneath the tank bottom and showing each tbmocouple’r gene4 loat&ti. Tbc diagram 
contains a set of arcs reprcaenting the estimated cleaned area at different opsntine speeds, based 
on thermocouple temperature change from the atart to the completion oftbe 
Figure 2 corresponds to testing performed with only mixer pump no. 1 o p e d q j  in the 
oscillating mode. Temperatures at thennocoupes that dropped to within a few degree# of the 
solution temperature at the completion of the test sequence are included imide or on the arc for 
the particular operating speed. 

scquuma. 

5 I InsulatingcoaCrdc I 10.5[pUmpl] I 67.0 I 54.9 

Operation of Two Pumps in tbe o l e i t h g  Mode 

54.5 

Table VI lists the thermocoupler fbthcet from the mixa puapo ofiataart tht iadicrttd 
a sustained temperature drop at or near the a w e  sohrtiontempatunfw d speed tsaed 
with both pumps oscillating. The rt.lting and ending trmparavs of each tbaraocouple is 
shown as well as the ending average solution tanparture at the completion of the test qucnce. 
The distance of the particular thermocouple from the centerline of the mixer pump(s), or 
effective cleaning radius, also is presented in the table. 

Table VI. Mixer Pump# Na 1 and No. 2 0lCill.ting 
Effective Ckrning Radiur Te~ting Rcrulb 

MU- Pump NO. 1 and Na 2 - OlCllLting 8t 1- v.P 
19 I Insulatiagconude I 11.4-11 I 61.2 I 56.0 I 55.2 
51 I Air-Liftcirculator I 8.0Fump2J I 18.2 56.0 S5.2 

Muer Pump No. 1 and No. 2 - OICpLting at Maximum Speed 
I 1 1 I 19 

63.1 I 61.6 I 61.2 I 
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Figure 2. lhtimate of Sudge Cleared from Miser Pump No. 1 Operatiem In t k  OdU8Ibg 
Mode at 700 rpm, 1,OOO rpm, and Muimum Sped 
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Figure 3 is a diagram of the tank bottom, identifyins thamocwplea in the aludge or 
underneath the tank bottom (labeled aa insulating collQctc thmnomupks) and &owing each 
thermocouple’s general location. The diagram contains a set of arcs qmenting the eatimated 
cleaned area at different operating apeedq baaed on thamocouple temparaue change &om the 
atart to the completion of the teat sequences. 

mode. Temperatures at thermocouples that dropped to within a few d q p a  of the d o n  
temperature at the completion of the teat aequence are included inaide or on the m for the 
particular operating speed. Figure 3 shows a much larger arc (ndiua of 10.5 metera) for mixer 
pump no. 1, operated at 700 rpm, than for mixer pump no. 2. Thia ia beuuw the sludge in the 
half of the tank nearest mixer pump no. 1 had previoualy been mobilized by pump operrtion and 
had resettled. Thus the arc around mixer pump no. 1, when opented at 700 QIII, reprsllcata 
mobilization of recently diaturbed material. Figure 3 also ahow that dl thennocouplea preacnt 
in the sludge and underneath the tank bottom are cleared by the operation of both mixer pumps. 

Figure 3 corresponds to testing performed with both pumpa opantia0 in &e. oscillating 

Thermocouples 13 and 18, tank bottom thamocoupkr (Shown M indating concrete), 
were the lost two thermocouples to clear to solution tsmparturs. There h m o u q l c  
temperatures Showed a more gradual decline over time, appearing to support the idea of mrterirl 
slowly being eroded away, unlike the reaponae of moat of the thennocoupkx, which took shrper 
temperature drops to within a few degrees of the ending average solution temperature. 
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Figure 3. Estimate of Sludge Cleared from Muer Pump Na 1 Opefation in the chdlhthg 
Mode 8t 700 rpm, 1,OOO rpm, 8nd Maximum Speed 
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SUMMARY 

As a result of mixer pump operation during the teat, thsnnocouple temperature dccrases 
indicated that ell thermocoupla near the tank bottom previously covered by sludge were c l d .  
This rcpmcnts an ma of approximately 95% of the tank bottom. Beaure thermocouples am not 
present at the tank wall. it is not possible to strte unequivocllly that the M. between the lut 
thermocouple and the tank wall was c l d ,  however, it CUI be i n f a r e d  h m  the thermocouple 
data that sludge was mobilized from 100% of the tank bottom. The predicted e f f d v e  cleaning 
radius at rated speed (lo00 rpm) for the mixer pumps was cxpsded to be 9.8 meters (32.2 foa). 
The actual e f f d v e  cleaning ndiw at rated speed. as demonstrated by mixer pump no. 1, was at 
least 11.4 meters (37.4 feet). 

The results of the mixer pump test shows that the use of mixer pump8 is M effective 
method for mobilizing settled sludge for waste rctriev.l. Thcrc test rsluhr, ud continued 
pnparations for the treating of Hanford’s tank waste, provide additional d d e n c e  that senled 
sludge can be mobilized and transferred aa slurry feed suitable for Waate Treatment Plant 
vitrification. 
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