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J
1.0 OBJECTIVE/PURPOSE

This calculation documents the preliminary estimated total volume of waste remaining in tank
241-C-112 (C-112) as of January 28, 2014. The estimate of the waste volume is based on a
liquid level measurement from C-112, liquid level measurements taken in receiver tank 241-AN-
101 (AN-101) before and after the waste transfer from tank C-112, and video observations.

2.0 SUMMARY OF RESULTS AND CONCLUSIONS

The volume of waste remaining in tank C-112 as of January 28, 2014 is estimated to be 1,700 fit’
(12,700 gal). Section 6.0 presents the methodology, measurement, results calculation, and
uncertainty for this volume estimate. Additional video footage and a more precise estimate using
the camera computer-aided design (CAD) measurement system per TFC-ENG-FACSUP-CD-22,
“Post-Retrieval Tank Waste Volume Determination™ will be developed for the retrieval data
report and final volume calculation.

3.0 INTRODUCTION/BACKGROUND

Tank C-112 is a 530,000-gal single-shell tank that is one of twelve 75-ft diameter tanks built in
241-C Tank Farm (C-Farm) from 1944 to 1945. On April 18, 2012, tank C-112 was retrieved to
the limit of technology using the modified sluicing technology leaving an estimated 33,600 gal
of sludge remaining in the tank (RPP-RPT-52480. Retrieval Completion Report for Modified
Sluicing of Tank 241-C-112). The estimate was based on volume balance calculations which
have historically overestimated the volume of solids remaining after sluicing. The bulk of the
remaining waste was comprised mostly of solids (hard heel) that were not mobilized by sluicing.
The estimated composition of the remaining waste in tank C-112 was detailed in RPP-RPT-
54588, Tank 241-C-112 Hard Heel Retrieval Flowsheet for the Caustic Soak. Modeling
performed for RPP-RPT-54588 indicated that the dissolution/digestion targets of sodium fluoride
phosphate (natrophosphate, Na;F[PO4],¢19H,0), gibbsite. and sodium phosphate (trisodium
phosphate, Na;PO412H,0) were present in significant quantities, and that other compounds in
the solids included insoluble oxides of uranium, iron, and bismuth; fluorapatite (Cas[PO4]3F):
and sodium aluminosilicate (cancrinite, NagCas[(CO3)2AlsSi024]*2H,0). Preliminary results
from the solid phase characterization of the samples taken at the end of caustic pre-conditioning
verify that these compounds are present in the sludge (e-mail from G. A. Cooke to A. M.
Templeton et. al., *C-112 Summary of SPC Results,” (Cooke, G. A., 2013-12-16).

Based upon the results of heel retrieval operations performed in tanks 241-C-108, 241-C-109,
and 241-C-104, and other experiences in C-Farm, caustic pre-conditioning followed by a sluicing
process with supernate was selected as the best method for retrieving the remaining heel solids in
tank C-112 (RPP-PLAN-55462, Single-Shell Tanks 241-C-111 and 241-C-112 Hard Heel
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Retrieval Technology Selection). Due to the relatively large quantity of hard heel in tank C-112,
a second caustic dissolution step was performed.

Retrieval of the tank C-112 hard heel was conducted between November 18, 2013 and
January 31, 2014. The volume of waste remaining after retrieval, as described in this report, was
determined using a liquid displacement process and video observations.

4.0 INPUT DATA

The dimensions of tank C-112 are documented in BPF-73550, Specifications For Construction
of Composite Storage Tanks Bldg. No. 241 Hanford Engineer Works Project 9536, Drawing D-3.
The tank diameter is 75 ft. The dish-shaped tank bottom is 12 in. deep, with a radius of 33 ft
8.875 in. and radius of curvature of 569.59 ft. A 4-ft-radius tank knuckle region (rising 47.9 in.
from the top of the tank dish) connects the tank dish to the vertical tank wall. Tank C-112 has
four stiffener rings located at 4.5-ft intervals with elevations of 5.5 ft, 10 ft, 14.5 ft. and 19 ft
above the bottom of the tank. Each stiffener ring extends 5 in. from the wall. The topmost
stiffener ring (ring #1) is located at the top of the tank liner and is sloped slightly downward from
the wall to the inside edge of the ring.

After supernatant liquids from AN-101 and water were added to tank C-112 for the liquid
displacement measurement, the tank C-112 Honeywell Enraf level gauge' (hereafter referred to
as Enraf) showed a level reading of 21.32% inches, with limited solids observed above the liquid
surface. The AN-101 Enraf showed a level of 268.18 inches. Liquid was transferred from the
tank and Enraf measurements were made in tanks C-112 and AN-101. The measurement in C-
112 was to determine the level measured when the Enraf plummet contacted the tank bottom.
The measurement in AN-101 was to determine the volume of waste transferred from C-112.
These measurements were 11.69 inches and 277.46 inches respectively (see table 6-1).

In addition to liquid level measurements, video recordings were made before, during, and after
the pump-out of the waste. The video recordings provided information on the location and
amount of waste above the starting liquid level. Video was taken of the tank walls and stiffener
rings and of the Enraf displacer, to verify that it was hitting the bottom of the tank. Residual
waste volumes were estimated from the tank videos for those areas which were not covered by
the liquid to arrive at an estimate of the total waste in the tank.

5.0  ASSUMPTIONS

" Enraf® is a registered trademark of Honeywell International, Inc., Morristown, New Jersey.

2 All ENRAF data was taken from the Surveillance Data Display System (SDDS). [Level readings from C112-LI-
R005-01 and AN101-LI-R004-01], http://toc.rl.gov/rapidweb/SDDS/index.cfm?PageNum=1, for the appropriate
date and time.
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The following assumptions are used in the waste volume estimate.

e The volume displacement estimates assume that the tank dimensions are as documented
in BPF-73550, Drawing D-3. Differences in actual tank dimensions have been observed
for other tanks and may significantly impact volume displacement results.

e The tank C-112 Enraf measurement before starting the transfer is assumed to provide the
most accurate starting volume for this tank. As noted in the first assumption, accuracy is
contingent on the actual tank dimensions. Tank AN-101 Enraf measurements provide the
best estimates for the volume of waste transferred. Totalizer measurements provide a
second measure of the waste transferred, but generally have higher uncertainty than
transfer volumes determined from Enraf measurements.

e The following conversion factors are used in the calculations:

o 1ft =12in.
o 1ft =7.481 gal
o 1Ilm =3.281f{t

6.0 METHOD OF ANALYSIS AND RESULTS

6.1 WASTE REMAINING IN TANK BOTTOM
6.1.1 Volume Displacement

Volume displacement is a means to estimate remaining volume by removing a known amount
from a known starting volume. For tank C-112, enough supernatant liquid and water was added
to the tank for final sluicing and liquid displacement measurements to cover all but about 500 gal
of solids on the tank bottom(This does not include solids on the stiffener rings and walls). An
Enraf measurement at the liquid surface in tank C-112 provided a starting liquid level for the
volume displacement. The amount of waste transferred was measured by the change in the
liquid level in the receiving tank (tank AN-101).

The tank farm tank volume calculator (SVF-1770, SVF-1770, Rev 2 - Tank Waste Volume
Calculator.xlsx) was used to calculate waste volumes for tank C-112 using the tank C-112 Enraf
readings. These volumes were a combination of solids and liquids. Waste volumes transferred
to tank AN-101 were determined using the tank AN-101 Enraf to measure the liquid level in the
tank before and after transfers from tank C-112. Again the tank volume calculator was used to
convert the AN-101 liquid level readings to volume and the difference between the starting and
ending volume was the volume transferred. Table 6-1 shows volume displacement results.
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The Enraf plummet contacted the tank bottom at 11.69 inches. Based on tank drawings (BPF-
73550), the Enraf should have contacted the tank bottom surface at 12.0 inches. This indicates
that the distance from the top of the riser to the tank bottom is greater than shown in WHC-SD-
WM-CN-078. As aresult, a value of 0.31 in. was added to the tank C-112 Enraf readings listed
in Table 6-1 to correct the Enraf measurement.

In addition, the Enraf reference level calculation for tank C-112, as shown in WHC-SD-WM-
CN-078 Rev. 0-E, ENRAF Reference Level Calculation, shows that the Enraf is set up to sense
solids having an assumed immersion depth of 0.00 inches. The Enraf works by measuring when
a change in weight of the displacer of 15 grams occurs. If the displacer contacts a solid surface
the weight change is immediate thus the use of an immersion depth of 0.00 inches. However, if
it contacts a liquid surface the weight gradually changes as it is immersed in the liquid until it
reaches 15 gram change in weight. An adjustment factor for this immersion is calculated below
to account for the depth of the sensor displaced when reading water with a specific gravity of
1.0.

The following equation from HNF-4328, Test Report for ENRAF Annulus Leak Detector
Development (equation 1, page B-3) was used to determine an immersion depth for the displacer
in a liquid with a specific gravity of 1.0.

H = 4Fy/(nD’R,) eqnl
Where:
H = Immersion depth (cm)
D = Diameter of displacer = 2 in. or 5.08 cm
R, = Density of liquid (g/em’)
Fp = buoyant force (g)

The Enraf installed in tank C-112 is set to measure a 15 g buoyant force (5-LCD-125, "ENRAF
Series 854 Initial Installation and Operational Check™). Substituting the above values into
equation 1 gives:

H = (4)(15 g)/[n(5.08 cm)*(1.0 g/em’)]
H = 0.74 cm or 0.29 in.
Accounting for both the Enraf offset from the tank bottom and the immersion depth for the

displacer, a total of 0.60 in. was added to the measured Enraf level in C-112 to calculate the
corrected level in Table 6-1.
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Table 6-1. Liquid Displacement Measurements (January 28, 2014).
C-112 C-112
Incremental | AN-101 Enraf Enraf AN-101 C-112 AN-101
Volume Enraf* measured | Corrected | Volume (gal) Volume Volume
Pumped Out (in.) : S B (gal) Change (gal)
(in.) (in.)
Start 268.18 21.32 21.92 736911 37427 0
Finish 277.46 762440 25529

After the transfer, the volume of remaining waste and equipment in the C-112 tank bottom was
estimated to be 11,898 gal (1,590 ft’) by difference and 500 gal was conservatively estimated to
bound the waste above the liquid level (ENRAF reading) by review of the video for a total of
12,398 gal (1,657 ft’). This was calculated by determining the starting volume in tank C-112 and
subtracting the volume transferred to tank AN-101 (37.427-25,529) and adding the estimated
waste volume above the liquid level.

6.1.2 Potential Sources of Error in Liquid Displacement Results

One of the key assumptions for the volume displacement calculation to provide correct results is
that the tank configuration is the same as the design drawings (see Section 5.0). For the
relatively small volume of waste remaining in the tank, a smaller tank radius or bulge or ripples
in the tank bottom could introduce errors in the result. Measurements in 241-C-105 and 241-C-
107 have shown slightly smaller diameters than the drawing shows. Numerous tanks have
shown irregularities in the dish of the tank, usually an upward bulging of a portion of the dish.
Both of these conditions lead the volume displacement to overstate the volume of waste
remaining in the tank with the effect being larger the smaller the calculated volume of waste
remaining. Thus volume displacement provides a conservative estimate of the waste remaining
on the floor of the tank.

6.1.3 Video Results

The volume displacement was done on January 28, 2014. Following the volume displacement
the tank was rinsed with water to remove as much soluble waste from the liquid as possible and
final tank videos were obtained February 3-4, 2014 from both risers 3 and 6. The volume of
waste observed appears to be consistent with volume displacement measurements and may be
lower.

Figures 6-1 to 6-6 show still photographs of waste remaining on the tank bottom. A drawing of
waste residuals using the camera CAD measurement system per TFC-ENG-FACSUP-CD-22
will be developed for the retrieval data report and final residual waste volume calculated.
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Figure 6-1. Tank 241-C-112 Panorama View.
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Figure 6-2. Tank 241-C-112 from Riser 6.

Figure 6-3. Tank 241-C-112 Enraf Plummet from Riser 6.
Subsequent video clearly shows that the tank bottom was clear under the plummet when it was

raised.
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Figure 6-4. Tank 241-C-112 from Riser 3.

Figure 6-5. Tank 241-C-112 Tank Stiffener Rings and Wall.
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Figure 6-6. Tank 241-C-112 Composite.

6.2 WASTE ON STIFFENER RINGS

The volume of waste on the stiffener rings was calculated by estimating the average depth of the
waste on each of the stiffener rings and multiplying by the surface area of each of the rings
(97.6 ft?). The average depths of waste on the stiffener rings were estimated based on video
observation and comparisons with video estimates before and after the retrieval. Figures 6-1, 6-
5, and 6-6 show photographs of the rings after completing retrieval. Only ring 3 shows a
significant amount of waste on the ring. In general the tank rings were clean compared to
previous C-Farm tanks retrieved. Table 6-2 shows the estimated depth and volume of waste
remaining on each of the stiffener rings.
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Table 6-2. Waste Estimates for Stiffener Rings.

Stiffener Ring # | Average Waste Depth | Waste Volume (ft’)

1 (top) 0.25 in. 2.03
2 0.25 in. 2.03
3 3.5 in. 28.5

4 (above knuckle) 0.25 2.03
Total 34.6 (259 gal)

The waste volume for each ring was estimated using:

V = a(R*r)h eqn. 2

Where:
- = outer radius of stiffener ring
=75 ft/2
=3751t
r = inner radius of stiffener ring
=375 ft-51in/12 in/ft
<h = average thickness of waste on the stiffener ring as estimated from the
photograph by the author.

Stiffener ring #1:

V= a(R3-r)h,
Wheré:
h; =0.25in.
V, =x[(37.5 ft)’~(37.5 ft — 5 in./12 in./ft)*])(0.25 in./12 in./ft)
=2.03 ft’ (15.2 gal)

Stiffener ring #2:

V, = 7(R%-r")h,

Where:
h, =0.25in. |
V, =a[(37.5 ft)*~(37.5 ft— 5 in./12 in./ft)’] (0.25 in./12 in./ft)
=2.03 ft’ (15.2 gal)

Stiffener ring #3:

Vi = H(Rz-r"’)h;
Where:

Rev. 0
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hy =3.5in.

V; =na[(37.5 ft)><(37.5 ft— 5 in/12 in/ft)’] (3.5 in./12 in./ft)
=28.5 ft’ (213 gal)

Stiffener ring #4:

V4 = n(R*-r))hy
Where:
hy =0.25 in.
Vy =n[(37.5 ft)’~(37.5 ft — 5 in./12 in/ft)’] (0.25 in./12 in./ft)
=2.03 ft’ (15.2 gal)

Total Waste Volume on Stiffener Rings:
The total volume of waste on the stiffener rings is:

V =V +V;+V3+V,
=2.03 f +2.03 f® +28.5 ft’ +2.03 f’
=346 ft' = 259 gal

6.3  WASTE ON TANK WALLS

The waste on the walls was also determined by estimating an average depth and multiplying by
the surface area between each stiffener ring. Figure 6-5 shows photographs of the tank walls.
The tank walls appear to be mostly clean, but some waste was observed on the tank walls
between the stiffener rings. Because of the thin layer of waste on the tank walls, a uniform,
nonporous layer is assumed. The waste volume was calculated as follows, assuming a thickness
of ~0.0625 in. on half the tank wall between stiffener rings #1 and #2, rings #2 and #3, and
rings #3 and #4.

R = tank radius

=37.5%
h = distance between stiffener rings
=45 ft
t = waste thickness between stiffener rings
=0.0625 in. = 0.00521 ft
¢ = coverage factor
=0.5

Wall between stiffener rings:
V = Volume of waste between stiffener rings
= 2nRhtc eqn. 3
=2m (37.5 ft)(4.5 f1)(0.00521 ft)(0.5)
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=2.76 ft* per wall segment

Total Waste Volume on Wall
Total Volume =V (3)
= 8.3 ft’ (62 gal)

6.4 TOTAL WASTE IN TANK

Summing the waste volumes on the tank bottom, stiffener rings and walls, the total volume of
waste remaining in tank C-112 is estimated to be less than:

V = 1.657 ft’ + 34.6 ft* + 8.3 ft* = 1700 ft* (12700 gal).

Sources of uncertainty in the estimate of the volume of waste remaining in tank C-112 are waste
characteristics and Enraf measurement adjustment.

e Visual observation of the waste remaining in tank C-112 suggests that the waste is
comprised of a nearly monolithic layer rather than of sludge-like material.

The Enraf measurement of the tank bottom indicated that the distance from the top of the
riser to the tank bottom may be slightly greater than expected. The calculation of the
waste remaining in the tank used an adjustment for this difference. An adjustment was
not made to the initial tank waste volume of 104,000 gal prior to bulk retrieval, which
was also based on waste level measurements.

The results of this calculation indicate that ~21,000 gal of waste has been retrieved while the
volume balance (SVF-2867, C-112 volume balance (Final).xlsx), which calculates the volume
retrieved from the increase in the volume of tank AN-101, indicates that ~3000 gallons of waste
was retrieved. This difference can be a result of factors such as water evaporation, void space in
the solids, and uncertainty in the initial volume.

e Evaporation is not accounted for in the volume balance. Water exiting the system via the
off-gas will not be received in tank AN-101 and the volume balance is biased low.
Evaporation rates during sluicing are not known but are expected to be higher than when
the tank is not being retrieved due to the high droplet surface area available for
evaporation as supernatant liquid is sprayed into the tank.

e There is an uncertainty associated with the tank C-112 initial volume. The Best-Basis
Inventory states that the relative standard deviation of the tank C-112 volume at the
restart of retrieval is 35% (Tank Waste Information Network System (TWINS), Queried
04/04/14. | Best-Basis Calculation Detail, Tank 241-C-112],
httns:f;’lwins,]abworks.Org/twinsdataﬂ:m'ms#’/-\boul.aspx.)
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e Factors such as uncertainties in flow measurements; potential gas retention in tank solids;
and solids dissolution or non-ideal mixing behavior explain some of the difference
between the results of this calculation and the results of the volume balance. However,
these factors do not contribute to uncertainty in this calculation. The results of this
calculation are not dependent on these factors.

7.0 USE OF COMPUTER SOFTWARE

The conversion of liquid level measurements to waste volumes was performed using Excel™?
spreadsheet SVF-1770, which is described in RPP-42930. Spreadsheet Description Document
for Tank Waste Volume Calculator.xlsx. No other computer software or spreadsheets were
required for the calculation. The tables presented were generated in Excel for ease of

visualization of the data.

8.0 CONCLUSIONS
The preliminary remaining waste volume for tank C-112 is estimated as follows:

Tank bottom = 1,657 ft'

Stiffener Rings = ~35 ft’

Tank Walls ~ =~8 ft’

Total = 1,700 ft’ (12,700 gal).

Additional video footage and a more precise estimate using the camera CAD measurement
system per TFC-ENG-FACSUP-CD-22 will be developed for the retrieval data report and final
volume calculation.
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