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ABSTRACT
This document describes the testing performed by ARD Environmental, Inc., and
Los Alamos Technical Associates of the LATA/ARD Advanced Sluicing System, in support
.of ACTR Phase 1 activities. Testing was to measure the impact force and pressures of
sluicing streams at three different distances, as measured by the Government supplied
load cell. Simulated sluicing of large simulated salt cake and hard pan waste coupons was

also performed,

Due to operational difficulties experienced with the Government supplied load cell,
ino meaningful results with respect to sluice stream impact pressure distribution or stream
coherence were obtained. Sluice testing using 3000 psi salt cake simulants measured
waste retrieval rates of approximately 12 m%/day (17.6 ft%hr. Rates as high as 314 m*/day

{463 ft3/hr} were measured against the lower strength salt cake simulants.
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1.0 INTRODUCTION

During the months of October, and November of 1996, testing in support of

Track 1, Phase 1, of the Hanford Acquire Commercial Technology for Retrieval (ACTR)
effort was conducted by ARD Environmental {ARD), Los Alamos Technical Associates

- (LATA), at ARD’s facility in Laurel, Maryland. Pacific Northwest National Laboratories
(PNNL) provided support for force testing of the nozzles using a government supplied load
cell, with SGN Eurisys Services Corporation {SESC) in attendance for test observation. The
testing performed established estimated rates of tank waste retrieval for the LATA/ARD
Advanced Sluicing System (LAASS]).

Testing was conducted in two phases. The first phase was to measure sluice
stream impact (recoil) forces, pressures, and sluice stream coherence of the 1" and 1% ”
nozzles proposed for use in the LAASS. In addition, baseline performance data for the past
practice sluice nozzle was to be obtained. These data were to be acquired using the
government supplied load cell. Based on the data obtained from the force testing, a
determination was to be made as to which two nozzles to carry forward into simulated
sluice testing. However, as a result of operational difficulties experienced with the load
cell, no quantitative data of nozzle performance, or stream coherence were obtained.

The second phase of testing used the two nozzle configurations proposed for use
with the LAASS, and used them to sluice large coupons of salt cake and hard pan waste
matrix simulants: Based on the data obtained from these tests, estimated waste retrieval
rates for the salt cake and hard pan waste simulants are ‘established.

The second phase of testing also evaluated the effectiveness of a pump in keeping
the surface of the waste exposed to the sluice stream, and conveying dislodged waste
from the test container, while operating at discharge head pressures greater than those
anticipated during operation in Hanford’s aging waste tanks.

2.0 DESCRIPTION OF TEST

A diagram of the test logic is included as Appendix A.

A detailed description of the test methods, equipment, and system configuration is
provided in Section 3.

2.1 NOZZLE FORCE TESTING

This testing was intended to evaluate the resulting impact pressure and total force
applied to a target at various stand-off distances, by a stream flowing through the existing
1 in. Hanford sluice hardware, and a 1 in. diameter bore nozzle at 350 G.P.M. In addition,
the resulting recoil force and pressure peaks for the stream from an 1 1/4 in. diameter bore
nozzle operating at 500 G.P.M. was to be evaluated.
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Data were to be obtained for each of the three systems at stand-off distances of
100 nozzle diameters, 35 ft, and at approximately 50 ft.

-2.2  SIMULATED SLUICE TESTING

Testing was performed to evaluate the effectiveness of 1 in. and 1% in. diameter
bore nozzles at dislodging, and mobilizing the waste in Hanford waste storage tanks. In
addition, the ability of a pump to convey the mobilized waste from the tanks at flow rates
in excess of sluice stream flow rates was assessed.

3.0 TEST METHOD AND EQUIPMENT

3.1 NOZZLE FORCE TESTING

The test hardware configuration for nozzle force testing using the government
supplied load cell is shown in Figure 1. The methodology employed for force testing was
to first, perform a gross "sighting-in" of the nozzle being tested on the load cell. The
sluice pump was then brought on-line, and further positioning of the jet’s point of impact
on the load cell was performed, until the stream appeared centered on the target.

With the pump shut down, the load cell was then covered with a piece of pressure
sensitive film. A "test shot" was then made; and the position of the stream relative to the
center of the target determined. Final adjustments were then made to the relative position
of the target and nozzle based on the measurements obtained from the pressure film.

Once the stream was verified to be located in the center of the target, the sluice
pump was brought to speed, and allowed approximately 45 seconds to reach a steady-
state operating condition. Impact force and pressure data were acquired from the load cell
by PNNL on a lap top computer using Lab View software. Concurrently, data for nozzle
flow rates were obtained from Doppler flow meters in the monitor supply line, and supply
line pressure data from a pressure transducer, and recorded on an ARD computer using Lab
View software.
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-—100 DiA & 35 FEET PNNL LOAD CELL
J—— PRESSURE TRANSMITTER }

Ol

< <

FLOW SENSOR

SUCTION STRAINER

ARD PNNL
DATA ACQUISITION DATA ACQUISITION
UNIT UNIT

Figure 1. Force Test Configuration Using the Government Supplied Load Cell.

3.2 SIMULATED SLUICE TESTING

3.2.1 Prepare Test Coupons

Waste simulant test coupons were prepared in accordance with Hanford supplied
recipes, and poured in place in dumpsters approximately 7 ft wide, and 22 ft long.
Required cure times for all simulants used were observed, and a concerted effort made to

limit evaporation until testing was initiated.
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3.2.2 Establish Test Hardware Position

The test hardware configuration for the simulated sluice testing is shown in

_————PRESSURE GAUGE

- Swice PuMp

o SWRRY Puve

/" SUCTION STRANER

PRESSURE GAUGE

SLURRY PUMP DISCHARGE
/‘ HEAD CONTROL VALVE

Figure 2. Simulated Sluice Testing Hardware Configuration.

Figures 2, and 3 . The methodology employed for the simulated sluice testing was to
establish the nozzle location relative to the centerline of the test coupon. This was
accomplished by using a tape measure and positioning the nozzle {now mounted to the
forklift) the required horizontal distance from the test coupon centerline. The forklift mast
was then raised to its maximum elevation, and the distance from the nozzle tip to the
ground determined. Finally, the change in elevation {a result of test location grade)
between the center of the test coupon, and the nozzle tip was accounted for, to establish
actual test configuration.

3.2.3 Determine Test Coupon Density and Dimensions
Using a 25 ft tape measure, the length and width of the simulated waste test

coupon were measured. Similarly, a measurement of the nominal depth of the coupon
was made. Using these data, a value for the total volume of the coupon was determined.
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A sample of the coupon was then obtained from a top edge of the simulant. The
sample was weighed, and its volume obtained by immersing it in a container of water, and

DOPPLER FLOW SENSOR:

. ———PRESSURE GAUGE
o SUicE Puup

T SWRRY PUMP

PRESSURE GAUGE

/ SLURRY PUMP DISCHARGE
/‘ HEAD CONTROL VALVE

Figure 3. Simulated Sluice Testing Hardware Configuration.

measuring the change in water elevation. This was the only practical method of obtaining
a volume for the prepared simulant test coupons, and worked well in most cases. Using
the sample volume, and weight, the density could be calculated and compared against
desired values. The measured and calculated values for the waste matrix simulants used
are included as Appendix B.

3.2.4 Record Sluice Water Temperature/Totalizer Readings

Prior to the commencement of sluicing, sluice water temperature was measured,
and the totalizer's initial reading were recorded as applicable.
3.2.5 Sluicing of Test Coupon

With all prerequisite information recorded, and the test configuration established,
sluicing of the test coupon commenced. First, the sluice pump supplying the nozzle was

brought to speed, and then the slurry pump used to remove water from the test coupon
container. Start and stop times for sluicing were recorded using a wrist watch.
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Once a steady state flow was established for the slurry pump, a gate valve in the
discharge hose was closed sufficiently to establish a 150 psi back pressure (approximately
350 feet of head) in the line.

The ARD data acquisition system was used to record flow rates from the slurry and
sluice pumps and the supply pressure to the nozzle. When available, a totalizing flow
meter was used in the supply to the monitor to determine flow. .

Sluicing of the test coupon continued until the coupon had been removed, or was
interrupted to allow close inspection of the test coupon to make a subjective evaluation of
sluicing performance.

3.2.6 Measurements and Observations at Conclusion

At the conclusion of sluice testing, final totalizer readings, recirculated sluice water
temperature, and any other pertinent observations were recorded.

4.0 TEST RESULTS
4.1 FORCE TESTING

Due to difficulties experienced with the Government supplied load cell, the only
impact force data obtained was for a 1 in. nozzle at 100 nozzle diameters. Test conditions
and results are shown in Table 4-1 (data sheets pages D-2 through D-4). No other impact
force or pressure data from the load cell for the nozzles and flow enhancement devices
tested is available. Data sheets for the force testing performed using the supplied load
cell are included in Appendix D. :

* Measured by doppler flow meters.

4.2  SIMULATED SLUICE TESTING

Simulated sluice testing began with the 1% in. nozzle and was run against the SC-3,
SC-4, and HP-1 simulants, as prescribed by the test logic diagrams. Results for the testing
are summarized in Table 4-2 for the 1% in., and for the 1 in. Observations, and other
pertinent data are recorded by test below.
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4.2.1 SC-1 Simulant, 1% in. Nozzle

4.2.1.1 Test Configuration. The pumping system was placed in front of the test
coupon, and sluiced material would flow from the back of the dumpsteér toward the suction
point, as shown in Figure 2. The nozzle elevation above the top of the simulant coupon
was approximately 19 ft. The waste simulant coupon was poured into two different forms
and allowed to cure, covered, inside the building.

4.2.1.2 Observations. (Data sheet pages E-2 and E-3). As sluicing commenced,
rapid progress was made on removing the test coupon. Subjectively it appeared that the
coupon volume was reduced by about half during each hour of operation. During the final
2 hours, sluicing effectiveness appeared to be more a function of test geometry. it was
necessary to keep sufficient water in the dumpster to keep the slurry pump from air
locking, which covered the remaining simulant, dissipating the energy imparted by the
sluicing stream.

Testing was finally stopped with approximately 2 cubic feet of broken simulant
pieces remaining in the container. Sluicing was not efficient as this point, as the sluicing
stream forces rattled the remaining simulant chunks around like peas in a jar. At the
conclusion of testing, the Slurry pump was able to pump the fluid level in the dumpster
down to within approximately 1 in. of the bottom, or sufficient to meet presently required
clean out levels assuming a uniform 1 in. distribution of waste remaining on the tank floor.

Finally, it appeared that the test coupons properties were stratified, as evidenced by
retrieval rates and simulant appearance. Simulant farther from an air interface seemed to
have much greater strength than that at the bottom of the coupon. A piece of simulant
from the bottom of the coupon was compared with a sample of SC-1 {3000 psi
. compressive strength), and appeared similar. The prevailing theory is that during the

14 day cure required, moisture from the elevated regions of the coupon seeps down to the
lower portions, reducing the grain size of the K-mag, and resulting in a more cohesive
mixture.

4.2.2 SC-4 Simulant, 1% in. Nozzle

4.2.2.1 Test Configuration. For this test, the slurry pump was placed behind the
coupon as shown in Figure 3, allowing the sluice nozzle to push the waste to the pump.
The nozzle elevation above the top of the simulant was approximately 16 ft 3in. A 4 in.
in-line totalizing turbine flow meter was place in the supply line to the sluicing nozzle.
Lumber {2 X 10} used to close off the front of the dumpster and retain water protected
about 5 cubic feet of simulant from being washed to the slurry pump.
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4.2.2.2 Observations. (Data sheet page E-4). Once again, the water covering the
test coupon to prevent the slurry pump from air locking, served to dissipate the energy of
the sluicing stream, and prevented the sluice nozzle operator from working the sluicer in
the most effective manner due to a lack of visability. At the conclusion of testing, the
slurry pump was able to pump the fluid level in the dumpster down to within approximately
1 in. of the bottom, or sufficient to meet presently required clean out levels assuming a
uniform 1 in. distribution of waste remaining on the tank floor.

4.2.3 HP-1 Simulant, 1% in. Nozzle

4.2.3.1 Test Configuration. For this test the slurry pump was placed behind the
coupon, as shown in Figure 3, allowing the sluice nozzle to push the waste to the pump.
The nozzle elevation above the top of the simulant was approximately 16 ft 9 in. A 4 in.
_ in-line totalizing turbine flow meter was place in the supply line to the sluicing nozzle.
Lumber {2 X 10) used to close off the front of the dumpster and retain water protected
about 4.5 cubic ft of simulant from being washed to the slurry pump. Test coupon
thickness was only 9 in. thick, the result of a shortage of plaster used to make up the
simulant.

4.2.3.2 Observations. (Data sheet pages E-5 and E-6). At the conclusion of
testing, the slurry pump was able to pump the fluid level in the dumpster down to within
approximately 1 in. of the bottom, or sufficient to meet presently required clean out levels
assuming a uniform 1 in. distribution of waste remaining on the tank floor.

4.2.4 HP-2 Simulant, 1% in. Nozzle

4.2.4.1 Test Configuration. The pumping system was placed in front of the test
coupon, and sluiced material would flow from the back of the dumpster toward the suction
point, as shown in Figure 2. The nozzle elevation above the top of the simulant coupon
was approximately 17 ft 4 in. The waste simulant coupon was poured into two different
forms and allowed to cure, covered, inside the building. Each form was 4 ft X 8 ft, and
contained 32 cubic feet of simulant. These forms were set end to end in the dumpster.
Lumber {2 x 10) were placed at the front of the dumpster to retain the water during
testing.

4.2.4.2 Observations. (Data sheet page E-7). The water stream was directed into
the test bed in a concentrated area for the first hour of testing. It did not appear that the
water was having any significant effect on the material. The water stream would, from
time to time, dislodge a large chunk of simulant from the coupon, creating an opportunity
for the stream to be directed at a fissure in the material. This in turn enabled some of the
material to be broken off in large pieces.

Once simulant had been dislodged however, it was not possible to trap the waste
against the pump and further reduce the size of the waste sufficiently to allow its
conveyance from the container by the slurry pump. The slurry pump was able to maintain
water levels within the dumpster down to a maximum depth of approximately 1 in., with 1
inch of water remaining in the container at the conclusion of testing. ‘
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4.2.5 SC-1 Simulant, 1 in. Nozzle

4.2.5.1 Test Configuration. For this test, the equipment and test coupon were
configured as shown in Figure 2. The nozzle elevation above the top of the snmulant
coupon was approximately 17 ft 5 in.

4.2.5.2 Observations. (Data sheet page E-9). The water stream was directed into
the test bed in a concentrated area for the first five minutes of testing. During this time
the water began to break-up and dislodge material from that point. This was observed by
the change in the angle of the back spray leaving the coupon. Since the water appeared to
break the material it was then directed onto various locations on the coupon to dislodge the
material for conveyance. The water stream would, from time to time, dislodge a large
chunk of simulant from the coupon and create an opportunity for the stream to be directed
at a horizontal work face. When this occurred the water would break the material more
effectively and efficiency increased. The entire coupon was dislodged from the form and
additional time was spent attacking large pieces to aid conveyance. Upon completion of
the testing, only small chunks of material remained, and these were tossed about by the
force of the water.

The slurry pump was able to maintain water levels within the dumpster down to a
maximum depth of approximately 1 in. , with 1 inch of water remaining invthe container at
the conclusion of testing.

4.2.6 SC-3 Simulant, 1 in. Nozzle

4.2.6.1 Test Configuration. For this test, the equipment and test coupon were
configured as shown in Figure 2. The nozzle elevation above the top of the simulant
coupon was approximately 17 ft 3 in.

4.2.6.2 Observations. (Data sheet page E-10). The water stream was directed into
the test bed in a concentrated area for the first minute of testing. During this time the
water began to break-up and dislodge material from that point. This was observed by the
change in the angle of back spray leaving the coupon. Since the water appeared to break
the material, it was then directed onto various locations on the coupon to dislodge the
material for conveyance. The water stream would, from time to time, dislodge a large
chunk of simulant from the coupon and create an opportunity for the stream to be directed
at a horizontal work face. When this occurred, the water would break the material more
effectively and efficiency increased. The entire coupon was dislodged from the form and
additional time was spent attacking large pieces to aid conveyance. Upon completion of
the testing only small chunks of material remained, and these were tossed about by the
force of the water. The 1500 psi salt cake simulant was easily dislodged and conveyed.

The slurry pump was able to maintain water levels within the dumpster down to a

maximum depth of approximately 1 in. , with 1 inch of water remaining in the container at
the conclusion of testing.

10
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4.2.7 HP-2 Simulant, 1 in. Nozzle

4.2.7.1 Test Configuration. For this test, the equipment and test coupon were
configured as shown in Figure 2. The nozzle elevatlon above the top of the simulant
coupon was approximately 17 ft 4 in.

4.2.7.2 Observations, (Data sheet pages E-8). The water stream was directed into
the test bed in a concentrated area for the thirty minutes of testing. It did appear that the
water was breaking some of the material by the fragments contained in the spray which
left the dumpster. The water stream would, from time to time, dislodge a large chunk -of
simulant from the coupon and create an opportunity for the stream to be directed at a
fissure in the material. This in turn enabled some of the material to be broken off in both
large (> 6 in. diameter ) and smaller (<1 in. diameter) pieces.

Once simulant had been dislodged however, it was not possible to trap the waste
against the pump and further reduce the size of the waste sufficiently to allow its
conveyance from the container by the slurry pump. The slurry pump was able to maintain
water levels within the dumpster down to a maximum depth of approximately 1 in., with 1
inch of water remaining in the container at the conclusion of testing.

4.3 ADDITIONAL OBSERVATIONS

During density measurements of the coupon, when cold water from the tap was
used to measure the SC-1 coupon sample volume, it took overnight for the sample to break
down sufficiently for disposal. A later test of a sample from the lower regions of the same
coupon was made to determine if there was any measurable differences in density. Hot
water from the tap was used and it was noted that the sample had completely broken

- down within a couple of hours.

This indicates that for the waste simulants, the water temperature used will have a
significant effect on apparent retrieval rates. To what extent the solubility time constant
for the simulants is affected by temperature is unknown. The testing performed at ARD
did not attempt to evaluate it. However, based on the water temperature used for
simulated sluicing, the retrieval rates, and the solids in the sluice pump supply tank
{conveyed there via the slurry pump), the removal of the simulants during testing is
believed to have been a result of the mechanical energy imparted by the stream, and not by
dissolving of the waste.

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

Sluicing is an efficient and cost effective method of removing large amounts of
waste from the single shell waste tanks. Against the "hardest"” Salt Cake waste simulants,
at the maximum stand-off distances, sluicing was able to dislodge, mobilize, and convey
waste at rates greater than 7.2 m® per day , at sluicer flow rates and pressures considered
to be less than optimal (maximum force and velocity intended). The inability to test the

11
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nozzles at full flow does not represent any inherent capacity limitations for the system, but
is more a reflection of the condition of the rental hardware.

Results for testing against the Hard Pan simulants were mixed. Retrieval rates
measured against the HP-2, strongest of the two simulants, were only about 1.5 ft%/hr
using the 1 in. nozzle, and 0.25 ft3/ hr for the 1% in. Although the nozzle(s) were able to
dislodge and mobilize the waste, the inability to reduce the waste chunks broken from the
test coupon to sizes small enough to be accomdated by the slurry pump is believed to be
the primary cause for the relatively low retrieval rates. Finally, the amount of material
removed may have been affected to some extent by the test configuration, which placed
the slurry pump between the sluicing stream and the test coupon. This prevented using
the energy available in the sluicing stream to drive the waste simulant into the pump
suction. :

The LAASS slurry pump tested proved itself capable of removing liquids at a rate
meeting.or exceeding that of the sluice system flow rates, and handling solids, while
pumping against a discharge head of 150 psi (~340 ft head). At the conclusion of each
test, the slurry pump was able to remove all the water in the container, with the exception
of the final 1", at which point the pump suction was exposed to air.

Adequate vision systems will significantly improve sluicing performance by allowing
operators to direct the sluice streams within the tank as required to optimize waste
retrieval rates. It will also allow operators to develop and implement a sluicing strategy
based upon visual evidence of waste type, sluice system and waste tank configurations.

5.2 RECOMMENDATIONS
Phase 2 testing should focus on the following issues:
5.2.1 Slurry Pump Configuration/Selection

The most significant factor affecting the hard pan simulant retrieval rates was the
inability to “trap” the waste in a location where it could be broken down sufficiently in size
to allow its conveyance from the tank by the slurry pump. Design features could be
provided as part of the slurry pump which would trap the waste, and provide for its
mechanical size reduction using the energy of the sluicing stream as the motive force.

The other issue to be resolved is the selection of design features required to prevent
the slurry pump from air locking during operation, thus keeping the surface of the waste
exposed to the full impact of the sluicing stream.

5.2.2 Threshold pressures for waste mobilization

Testing during phase two should determine the minimum hydraulic pressure required
for mobilization of the waste simulants. This information would be input into the design of
the advanced sluicing system, and would effect not only nozzle flow rates and
corresponding discharge pressuress, but also the configuration of the mast used for sluicer
deployment.

12



HNF-MR-0539, Rev. O April 23, 1997
5.2.3 Vision Systems

It is recommended that a contrast enhanced vision system be evaluated as part of
phase two testing. The selection of a vision system which will provide operators with real
time information regarding waste type, waste tank configuration, and sluicer .performance
will allow them to develop and implement a sluicing strategy that optimizes the systems
retrieval rate. ’ :

13
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GENERAL TEST NOTES TEST LOGIC FOR
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BY 1 FOOT TG
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ON 7. PER OAY (10,6 175 PR Houg
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ALREADY INOICATED RETRIEVAL
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GENERAL TEST NOTES

. FOR ALL SLUCE TESTING, FOR RETRIEVAL
RATES SREATER AN § G SLUCE
L GONE.  OIWERWISE, SLUKE
§oHooRs, Ao MERSURE COURY 10
ESTIATE RETRIEVAL

444 TEST coupoKS 10 B€ 100 5 T
1 FOOT THKK,
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“
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§

RATEGY,” TABLE C-
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10 EXCEED PuBL RMANCE
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$35 o BORE ROTALE

NOT TESTED S THE LUITAG, FACTOR, wiS
THE SOLDS SIZE HANDUG CAPABILIYY OF

OF THE SLUCER TO DISLOOGE THE WASTE.

>

@

TEST LOGIC FOR
HARDPAN/DRIED SLUDGE
SIMULATED SLUICING

KOZZIES FROW
PRESSURE/FORCE
TESTNG

SHULANT.  HP-2
STAND-OFF: 35 FEET

RESVS
100K 15 FHR
125 * DA 025 FITHR

4 ow B¢ RO
1.25 T DIk 49.23 FTTMR

SOLANT:
STAND-OFF: 35 FEET
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AT HP-1

SOULANT  HP-2
STAND-OFF: 35 FEET

STANDOFF: 10 FEET

RESULTS “SMULANT:
SEE NOTE 3 -
40.23 FIHR, STAND-OFF:

np-2
10 £eEY

SHULANT:  #P—1

STAND-OFF: 35 FEET

HARDPAN/DRIED SLUOGE ’
TESTING COUPLETE
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ATTACHMENT B

WASTE SIMULANT TEST COUPON
DENSITY CALCULATIONS
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The information in this Appendix is proprietary, and is not for public release.
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APPENDIX D

FORCE TEST DATA SHEETS
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DATA SHEET #1
DATE: TIME: TEST ID NUMBER:
)34k A3 A RN | TRT
NOZZLE BORE DIAMETER: in, | DISTANCE FROM LOAD CELL:

. 100 1

TEST MEASUREMENTS AT NOZZLE:
PRESSURE:

pst B - 2.% a%%&s

TEST MEASUREMENTS AT LOAD CELL:*

TOTAL FORCE: PEAK PRESSURE: ’
STREAM AREA: . ANGLE OF INCIDENCE:
(ESTIMATED) - O
OBSERVATIONS

UETEST SAME AS CANRS TXT

O CHECK HERE IF ADDITIONAL OBSERVATION SHEET ATTACHED.

/ 4/%’ "/6/96

0 ENGINEER DATE LATA TEST ENGINEER

* 'R) be Pfauto’r.a’ é\j PNL & Conr_/uls:on o/ Zc-sé/?-

% Flow rebe per a’op,o/o/ 7%“) meders. Oee secbron
4.{.\3 a/ zébf /c,@ff, . ’
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Load Cell Data
Test 11a10003: 1" Nozzle, 150 psi, 100 inch stand-off

time, se¢

December 19, 1996

—4—channel 10
~—channel 11
—&~channel 12

Pressure Transducer Data

Test 11a10003; 1* Nozzle, 150 psi, 100 inch stand-off

120 .
T e
PR TR :
100 i ; —
: i I
: [ h ' i
80 ; v (] —&—channel 0
Z 8 —channet 1}
g —e—chamnel 2 |
g —O—channel 3|
= —y—channel 41 |
1

time, sec

D-4
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APPENDIX E

SLUICE TEST DATA
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DATA SHEET #2

DATE: A/nv 9 o, !rssrm NUMBER: S 0 ) ot T *!

NOZZLE DATA

NOZZLE BORE DIAMETER: / ha in. | DISTANCE FROM TEST COUPON: /
l 4 | &5 |
fesr COUPON

TEST COUPON.TYPE: TEST COUPON DIMENSIONS: TEST COUPON DENSITY:

SC-KA- 95. 7S 42 | /08 /4>

WATER TEMPERATURE

INITIAL: 58° *® I FINAL: B Ye *F I
TOTALIZER READINGS )

,s_m; x /VA‘ Immsu; /VA‘ |TOTAL */40 800 —l

TIME

F;ART; XX \j: O\i?ﬁ{ FINISH: (O: @O o Irom.; ELd aZ‘O MIN |
NOZZLE DATA
Row: X4t~ 440 GPM. |PRESSURE: %) sl J
SLURRY PUMP
l NOMINAL FLOW: ¥4k I
N 440  GPM.
QBSERVATIONS

Pe. & 4p, sxa, prnn, Scer Sheet 2. OT”EL"DAT"FIE"
canvon . TRT

wZ 74“5 romwnm7 , S0% ormml] c/wnlfb, £ J0% Fres. &a/vﬂaﬂlal ;;T‘
Scanyon

Bé(ECK HERE IF ADDITIONAL OBSERVATION SHEET ATTACHED.

‘ i)
ﬂ le A A/L log,
Wh«smm oafe CATA TEST ENGINEER DATE
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Soep. Data Oneer

/RD ?[G\/ SC- ﬁixsl-unoa—ra‘s-r

ENVIRONMENTAL
ARD Environmental, Inc.

/Vc-rE&.’
A “Torsuzee Data po? aveiledle . Torse. Volume-

&bflmaé_o/ by ﬂ7ul£/ﬁ/yxﬂ7 honb (ﬂhnufr..s) o;‘
pump operotien ~57 estinatd A rode.

2t Actume ron Dmes Sor Zhe SC-D feat !

T VI Hew 5.

Smer | O:45 am 10:05
Srop | /0:00 10:45

35 40

71:060
11:40

40

Tt Ko

220 rranES

A% Flow) Dodon 19 cai/mm{e-o/ Frors Akpon) Deass,
Srament (Solio) Boee. NozzLs DATA CHART,
,'/4.@//)033;/.’/ @ S0 PsT.

dec) as 720 //0«1 wslrunersbatior
ad suHresent
2h roetle Fod.

¥AE (Pumf) S estime
doto avoulable. ?xrnfﬁ
Ca)ooif:é/ fo Yeep yp" ur
> TTesT Co‘qoor\ Shows bz/rm7 Zh 7/aa//on2f S bnth compresseee—
Streng th mcreosr Ao Hp bottom of Coupon.
. COrrc.sp:mdm7 ﬁﬂcoém /c«;’nwﬂ faéc—. /éE /wu// Géadt o/
0% Coupon remos, 229 hour, oppron SO% of the remar e

was- famaum), { so on.
/LL‘///L/%/%

9115 Whiskey Bottom Road
Laurel, Maryland 20723

301/497-0477
Fax: 301/497-1645
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DATA SHEET #2
DATE: Nov 5 199¢, ! TesTONMBER: < TR A —I
NOZZLE DATA
NOZZLE BORE DIAVETER: | 1/4' v in. I DISTANCE FROM TEST COUPON: A5 / ]
TEST COUPON
TEST COUPON TYPE: Ia;sszecooufg_n DIMENSIONS: TEST COUFON DENSITY:
LS.~ L E
SC~4 " Jos £ | 1IF >
WATER TEMPERATURE .
[mnw.: 5B *f I FINAL: S8 o I
TOTAUZER READINGS
; FINISH: TOTAL: GAL.
[ S50 ™ 4900
TivE .
l START: a:40 I FNisH; 00 ) | EEN MIN |
2:55 2:58
072LE DATA
FLOW: 4 oo G.PM. l PRESSURE: . 9 \{ ] I

NOMINAL FLOW: No TnoraomenT Deva- Avnestil. SLigry Pomp
r 4m G‘P.M;qu U nth Nezzif.

OBSERVATIONS
Y / coupon r&muu\f-a yesult oF fest 960479&?

SLURRY PUMP - l

0 CHECK HERE IF ADDITIONAL OBSERVATION SHEET ATTACHED.

Aé///L ly,

ENGINEER LATA TEST ENGINEER

* Dara ao W Fles Conod 2.7, Canou . TaT $£M/a44.Tﬂ‘
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DATE: '”/?/Cp(p' ’rssnouumasn: ’PC-AUA/M/. TXT-TI

NOZ2LE DATA

I NOZZLE BORE DIAMETER: / 1/4_ i, l DISTANCE FROM TEST COUPON: a 5‘ ! ]
TEST COUPON
TEST COUPON TYPE: ’ 1'5561;’ :iotdzou OIMENSIONS: o TEST COUPON DENSITY:

HP- 5.4 4 92.9 ">

WATER TEMPERATURE
I INITIAL: é O F
TOTAUZER READINGS

ISTART: 65, 5 lFINISH: 6\56 ‘ |TOTAL: @ 05- GAL. |

FINAL: . . G O R |

TIvE
|—S.T‘ART: / / . Z\(a* I FINISH: x ITOTAL: 7 6"‘ MIN l
.
(0Z2LE DATA . -
FLOW: 0. 360 A% gem IPnessuns: 9-_; 7 i esi
400, 7

SLURRY PUMP
I NOMINAL FLOW: ‘:zo 0O oo l
OBSERVATIONS

fgm./lb*ms * 4 W Sec- aﬂajd v . ),0) ,}
1y3® reravsing @ completrm o, besT, R 2 av/
’”PQ’DZ'—- s;z;ycoj kmgu_ of Hes¥ ?ea/n&é{ &/,

@CHECK HERE IF ADDITIONAL OBSERVATION SHEET ATTACHED.

Wf @P/ 2 e,

DATE LATA TEST ENGINEER DATE

~ Do oJ:o e /,és Plammon 8. kv, PCAW&J@ Txr, £ Formet TxT
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Sore. Dava Oneer ol

/R‘D AP-1 Swiee TEST
¢ fsurr 2/2]

ENVIRONMENTAL
ARD Envlronmentai, Inc,

Neres 4 .
§ OFsraTG Pegors for HP-1 TEsT

Bond Times MW_QTED ﬂ‘g Commem

11:26 ~11:50 24 400 | Zyspecmion

(1:5%- 203 2 Dey/De-Fog Camexn Leats
12012~ 1 2d A Surgy Pump SropPep
2raz-22n | ,

2:29- 2151 A

2:32- 2353 |

22 3% - 258 4 /

2: 33 ~445 + 30 | Unrere » B evate owimoz
B0

2:651.~ 2B b . ' éwgﬂy?c{mp \STDIDPEP
2:59-3:03 4 /1/ '

Torae QDEWV67ML A3

%4 Flo rode changed Hom 400 6F7] % 36O 6F7)
W A EFFORT b avmmnze. ) Oheturbances aroun
6/0!{3 pump 20 oee iF could precectt: pormp %m"/awy

Svetion !
KAhx

6Lumy pump 7[/0«) caz‘/ma{u), as 710 pump 7%
NSErpmerrtntion chdo avoulabl.. ?um/a as suffrient
Ca’:a.o/é » /u/ou'o wih rorede. Hod? ‘,{' over come

/80 P37 Ama/ pressure.

" 9115 Whiskey Bottom Road " -
/L L/% Laure), Maryland 20723

301/497-0477
Fax; 301/497-1645
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DATA SHEET #2
DATE: TEST ID NUMBER:

l w2 fafe = 1244196 ' l
NOZZLE DATA

l NOZZLE BORE DIAMETER: ] ¢ l"{ in. l DISTANGE FROM TEST COUPON: 3 o 01 |
TEST COUPON

TEST COUPON TYPE: TEST COUPON DIMENSIONS: TEST COUPON DENSITY:

L}
HP-2 'y §
WATER TEMPERATURE )
Imﬁw.: Ys *F ‘FINAL: ys o —J

TOTALIZER READINGS 5
START: FINISH: TOTAL: BGAL.
| I I 101,20% J

TIME
stanr; | 3025 (@3 lﬁmsn; CHEEGR lronu ™
‘ %:30 (.,13 032 ) ada

NOZZLE DATA
l FLOW: Yy GPM, l PRESSURE: al . sl {
SLURRY PUMP

NOMINAL FLOW:
l 4> epm. I
OBSERVATIONS

0 CHECK HERE \& ADDITIONAL OBSERVATION SHEET ATTACHED.

\

/2-5-P6 Z/dz =lz/,(,/%

DATE LATA TEST ENGINEER DATE
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DATA SHEET #2

I TEST ID NUMBER: I

IDATE: l;L{\-H"\Qa

NOZ2LE DATA
! NOZZLE BORE DIAMETER: 1 n ‘ DISTANCE FROM TEST COUPON: 35 ‘F‘ l .

TEST COUPON
TEST COUPON TYPE: TEST COUPON DIMENSIONS: TEST COUPON DENSITY:

#e-2a Yy s
WATER TEMPERATURE

W ys o lsmnu ys" -s]

TOTAUZER READINGS,

Fr;'r-;—_-_—- ‘FINISH: JTOT‘AL: 74,{] %Yo GAI;I

TME
st 0% I fash: 11209 ! TOTAL: MIN
12230 4.00 240

NOZZLE DATA
I-I;W: 3 I 2 ) G.P.M. IPRESSURE: “O psi j

SLURRY PUMP.

NOMINAL FLOW:
31 2 apM.

OBSERVATIONS

O GHECK HERE IF ADDITIONAL OBSERVATION SHEET ATTACHED.

) ‘Z/!(./a(‘

2 0%
DATE LATA TEST ENGINEER DATE
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. DATA SHEET #2

DATE: ~ TEST ID NUMBER:

| 12/5 (a6 | §
NOZZLE DATA L

I NOZZLE BORE DIAMETER: 1 s ]msm«cs FROMTEST COPON: 3~ ) I
TEST COUPON

TEST COUPON TYPE: TEST COUPON DIMENSIONS: TEST COUPON DENSITY:

1
SC-1 4 x 3% :

WATER TEMPERATURE

lmrmu 3 F lnm\u ’ 9’3 sJ
© TOTAUZER READINGS

START: FINISH: ToTAL: GAL.

| l 1™ o |
TME

F'r-mr: L-30 lnmsu: H'23 ITOTAL: =53 Mﬂ
NOZZLE DATA : :

,FLOW: 3 oM !rnessuns: _ g ™ l
SLURRY PUMP. :

NOMINAL FLOW:

- 314 aom. ]

OBSERVATIONS

0 CHECK HERE If ADDITIONAL OBSERVATION SHEET ATTACHED.

— 2/
i Zeer LU
W’ENGIM‘EEN i> T DATE LATA TEST ERGINEER DATE

E-9
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_ DATA SHEET #2

DATE: - . TEST [D NUMBER:
[ox 12(s5(96 | |
NOZZLE DATA

NOZZLE BORE DIAMETER: ( in, | DISTANCE FROM TEST COUPON: 35' ‘F _‘ |
TEST COUPON

TEST COUPON TYPE: TEST COUPGN PIMENSIONS; TEST COUPON DENSITY:

-3 Hd'yg ! :

WATER TEMPERATURE
‘ INITIAL: L/3 °F | FINAL: 4 3 °F
TOTAUZER READINGS
I START: l FINISH: ‘ TOTAL: lO{ q70 GAL, |

TIME

W (~'3—S’ ‘ FINISH: ‘2,.- o) l TOTAL: as M|NJ

NOZZLE DATA i
lFLOW: 3 \L{ G.PM. |PRESSURE: “ a2 pst J

SLURRY PUMP

NOMINAL FLOW:
3 erm. |

OBSERVATIONS

O CHECK HERE IF ADDITIONAL QBSERVATION SHEET ATTACHED.

/&%/Kz% A ““en,

; <25
GINEER _y DATE LATA TEST ENGINEER DATE

E-10
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APPENDIX F

TEST PHOTOS
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Figure 3 Sluicer Configuration for Nozzle Force and Simulated Sluice Testing
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Hydrautic Monitor Control Station
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Figre 7

Nozzle Force Testing at 100 Diameters
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Simulated Sluicing Hardware Test Configuration

Figure 10
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Sluice Testing Against SC-1‘ at 35 feet with 1% " Diameter Solid Bore Nozzle

' Figure 12
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Figure 14
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APPENDIX G

SAMPLE CALCULATIONS
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The formulas performed for the preparation of this report are very basic, and are
listed below: )

1. Stream Velocity

v: velocity (in/sec)
Q: Volume Flow Rate (in/sec)
Q A: Nozzle Area {in%
v=4
A
2. Waste Volume Retrieved
W Initial Waste Volume (ft*)
W,-We=Ww, . W, Final Waste Volume {ft°)

Wy Waste Volume Retrieved (ft°)

3. Retrieval Rate

Retrieval Rate (ft%/hr)

a “R:
B = W, Waste Volume Retrieved (ft%)
s t: . time (hr)
4. Density
’ p: density (Ib/in®)
p= Wgt ) Wagt: Weight {Ib)
v Vg Sample Volume (in®)
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