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Summary

SRS High Level Waste (HLLW) wishes to use Tank 37H as the receipt tank for the 3H Evaporator
concentrate. Prior to using Tank 37H as the 3H Evaporator cancentrate receipt tank, HLW must
remove 50 inches of salt cake from the tank. They requested SRTC to evaluate various salt
removal methods for Tank 37H. These methods include slurry pumps, Flygt mixers, the
modified density gradient (MDG) method, and molecular diffusion. The authors reviewed
previous test and operating data as well as the technical literature to estimate the salt removal
rate by each method. They considered 16 different combinations of agitation and inhibited water
temperature, and calculated the dissolution time by each method. The results are shown below.
They are based on the assumption of constant inhibited water temperature inside the tank during
dissolution. In reality, the temperature of the supernate and salt cake will change during the
process. The table shows the range of dissolution rates calculated, the dissolution rate used in
the calculations, dissolution time, fraction of process time for dissolution, and total process time.

Dissolution Dis. Rate Dissolution  Dissolution Time  Total Process

Dissolution Method Rate (gpm) used (gpm) Time (days) (% of Total) Time {months)
1. No Agitation (25°C) 1.18 - 2.47 1.83 117 54 7.0
2. MDG (25°C) 1.25-5.84 3.55 74 46 5.3
3. MDG (50°C) 1.78 — 8.32 5.05 60 4] 4.9
4. MDG (75°C) 2.33-10.80 6.56 53 37 4.6
3. One Flygt Mixer {25°C) 20-40 30 82 46 59
6. Two Flygt Mixers (25°C) 2.8-5.7 4.2 67 41 54
7. One Flygt Mixer (50°C) 2.8-58 4.3 66 40 54
8.  One Slurry Pump (25°C) 3.0-70 5.0 61 .38 5.2
9. Three Flygt Mixers (25°C) 35-69 52 59 38 5.1
10. One Flygt mixer (75°C) 37-7.4 56 57 37 5.1
11. Two Flygt Mixers (50°C) 4.0-80 6.1 55 36 5.0
12. One Slurry Pump (50°C) 43-99 7.1 51 34 49
13. Three Flygt Mixers (50°C) 49-98 7.4 30 34 4.8
14. Two Flygt Mixers (75°C) 5.3-105 8.6 47 33 4.7
15. One Slurry Pump (75°C) 5.6-130 9.3 46 32 4.7
16. Three Flygt Mixers (75°C) 6.4-129 10.6 43 31 4.6

The conclusions from this work are the following:

* A single Flygt mixer with tank supernate temperature of 25° C should be sufficient to
dissolve and remove 50 inches of salt cake within six months. Increasing the supernate
temperature or adding additional Flygt mixers will decrease the time to dissolve the salt cake.

¢ A single slurry pump with tank supernate temperature of 25° C also should be sufficient to
dissolve and remove 50 inches of salt cake within six months. Increasing supernate temp-
erature or adding additional slurry pumps will decrease the time to dissolve the salt cake.

e Calculations predict that the modified density gradient method should be able to remove 50
inches of salt cake within six months, but uncertainty exists in predicting dissolution rates by
this method (predicted dissolution rates varied between 1.25 gpm and 5.84 gpm at 25° C).
HLW should exercise caution when making decisions using calculated dissolution rates for
this method.

* Molecular diffusion is unlikely to remove 50 inches of salt cake in six months.
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¢ If the inhibited water temperature is 25° C, the actual tank supernate temperature will be
higher and the salt dissolution rate faster than predicted by this analysis.

* If the inhibited water temperature is 50 or 75° C, tank cooling will reduce the tank supernate
temperature to 30 — 40° C, which increases thé dissolution time and minimizes the benefit of
adding heated water to the tank. Including this effect, the dissolution rate with one Flygt
mixer is 3.15 gpm (rather than 4.3) for case 7 and 3.35 gpm (rather than 5.6) for case 10.

Background

Tank 30H is the receipt tank for concentrate from the 3H Evaporator. Tank 30H has had
problems, such as cooling coil failure, which limit its ability to receive concentrate from the 3H
Evaporator. SRS High Level Waste (HLW) wishes to use Tank 37H as the receipt tank for the
3H Evaporator concentrate. Prior to using Tank 37H as the 3H Evaporator concentrate receipt
tank, HLW must remove 50 inches of salt cake from the tank. They requested SRTC to evaluate
various salt removal methods for Tank 37H. These methods include slurry pumps, Flygt mixers,
the modified density gradient method, and molecular diffusion.

Approach

Four approaches were evaluated for removing salt cake from Tank 37H:
» Slurry pump agitation

¢ Flygt mixer agitation

* Modified density gradient

e Molecular diffusion

The authors reviewed previous test and operating data as well as the technical literature to
estimate the salt removal rate by each method.

Slurry Pump Agitation

SRS performed a salt removal demonstration in Tank 19F in 1980 and 1981 using long shaft
vertical centrifugal pumps (i.e., slurry pumps).' During the first dissolution batch, 172,000
gallons of salt cake was dissolved with 236,000 gallons of inhibited water in 350 hours using a
single slurry pump (8.2 gpm salt cake dissolution rate). During the dissolution, the supernate
temperature was approximately 33° C. In another salt removal application, SRTC examined the
effect of temperature on salt cake dissolution rate and estimated it to be approximately 1.7%/°C
(using 200,000 gallons of dissolution water).> Correcting for temperature, the estimated
dissolution rate at 25° Cis 7.1 gpm. During the second dissolution batch, 281,000 gallons of
salt cake was dissolved with 442,000 gallons of inhibited water in 930 hours using a single slurry
pump (5.0 gpm salt cake dissolution rate). The supernate temperature during batch 2 was 45° C.
Correcting for temperature, the estimated dissolution rate at 25° C is 3.3 gpm. Using this data,

the estimated salt cake dissolution rate with a single slurry pump at 25° C is 3 — 7 gpm.

Tank 19F has no center column or cooling coils. Since Tank 37H has a center column and
cooling coils, the actual dissolution rate will be less than in Tank 19F under the same conditions.
Additionally, the volume of dissolution water in Tank 19F was greater than the volume of
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dissolution water to be used in Tank 37H. Previous work showed increasing the dissolution
water volume decreased the dissolution rate?, so the smaller volume in Tank 37H would increase
the dissolution rate over that observed in Tank 19F under the same conditions. These differences
would affect the dissolution rate, but they are in opposite directions and should not change it
dramatically. ’

The supernate density at the start of the Tank 19F salt dissolution demonstration was greater than
1.0. The reason is salt cake dissolution occurred prior to starting the slurry pumps. This
dissolution was subtracted to calculate the overall dissolution rate in Tank 19F. Some
dissolution will occur prior to starting mixing in Tank 37H, but the amount cannot be quantified.

A salt cake dissolution rate of 3 — 7 gpm at 25° C is probably a good estimate for a single
standard slurry pump. The authors chose a dissolution rate of 5 gpm at 25° C for this analysis.

Flygt Mixer Agitation

No salt removal testing or demonstrations have been performed at SRS to date with Flygt mixers.
Salt dissolution rates with Flygt mixer agitation can be predicted from salt dissolution data in
slurry pump agitated tanks. Previous SRTC work on salt dissolution assumed the process to be
mass transfer limited and the mass transfer coefficient to be described by equation [1]

K o /fplsc"” e U,D Sc™7 [1]

where K is the mass transfer coefficient, T,, is the shear stress at the salt cake surface, Sc is the
Schmidt number, Uj is the jet discharge velocity, and D; is the jet nozzle diameter. *3 Since the
Flygt mixer will behave as a turbulent jet, salt dlssolutlon rates with Flygt mixers and slurry
pumps can be compared by calculating the U;D; for each device.

A standard slurry pump has a flow rate of 600 gpm/nozzle, a nozzle diameter of 1.5 inches, and a
nozzle velocity of 109 ft/s. The UD;is 13.6 ft*/s. Since the slurry pump has two opposing
nozzles, the total U;D; is 27.2 £i%/s.

A model # 4650 Flygt mixer has a flow rate of 10,700 gpm, a nozzle diameter of 22 inches, and a
nozzle discharge velocity of 9 ft/s. The UjD; is 16.5 ft’/s. The Flygt mixer has a single discharge.
The salt dissolution rate using Flygt mixers can be estimated from equation [2]

Rty = Rpump (16.5/27.2) = 0.6 Roump (21

Using this approach, the estimated dissolution rate with a single Flygt mixer at 25°Cis 2 -4
gpm. The effect of the center column and smaller dissolution water volume would be similar to
their effects with the slurry pump. Modeling the Flygt mixer as a turbulent jet is a good
assumption. A salt cake dissolution rate of 2 — 4 gpm at 25° C is probably a good estimate for a
single Flygt mixer. The authors chose a dissolution rate of 3 gpm at 25° C for this analysis.
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Multiple Mixers

Using multiple Flygt mixers or slurry pumps will increase the dissolution rate. Two mixers will
dissolve the salt cake faster than one mixer, but not necessarily twice as fast. Koh et. al. investi-
gated the impact of the number of jets on jet mixing time.* They found the mixing time to be
inversely proportional to the square root of the number of jets. Using that work, one assumes the
salt cake dissolution rate is proportional to the square root of the number of mixers or pumps.

Modified Density Gradient

A
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nethod for dissolving salt cake is the modified density gradient method. In this method,
inhibited water is added to one side of a waste tank at the same time, or sometimes before, the
concentrated supernate is removed from the other side of the tank with a transfer jet that is mined
into the salt cake. The current plan in Tank 37 is to have a mined well depth of 155 inches from

the tank bottom.

In 1979, SRS used a density gradient method to remove the salt from Tank 10 with a transfer jet
that was mined into the salt to a depth of 36 inches from the tank bottom.®*10:11:12

SRTC investigated density driven salt dissolution techniques in 1996. They found the method
could be applied to SRS waste tanks, but the key step to performing this technique was to
“maintain the solution level just above the top of the saltcake”.® This report includes a
laboratory test result of a modified density gradient (MDG) method using 3” wide x 36” long x
157 high glass trough. The salt solution removal rate of MDG trough was 10 ml/min.® If one
assumes the dissolution rate does not change during scale up, the corresponding salt dissolution

rate of Type Illa Tank 37H is described by equation [3]

Dissolution Rate = (10 ml/min) (Tank 37H surface arca) / (Trough surface area) / (2.4+1)
= (10 mL/min/ 3786 mL/gal) (523.85 m?) / (0.0697 m%) /3.4
=5.84 gpm (3]

SRTC investidgated density gradient methods at the bench-scale in 1979. They found dissolution
rate to be 1/4™ the rate measured with mechanical agitation.’-® Assuming salt dissolution rate
with the density gradient method at full-scale is 1/4*" the slurry pump rate (or 5 gpm average)
dividing by 4, one calculates a dissolution rate of 1.25 gpm for Tank 37H.

The references also show a laboratory test result of a density driven method using a 31 ¢cm jar.”®
The salt cake dissolution rate of the jar is 11 ml/min. Assuming no change in the dissolution rate
during scale up, the calculated salt dissolution rate of Tank 37H is calculated to be 6.13 gpm in
equation {4].

Dissolution Rate = (11 ml/min) (Tank 37H surface area) / (Jar surface area)/ (2.4+1)
= {11 mL/min/ 3786 mL/gal) (523.85 m?) / (0.0731 m?) / 3.4
= 6.13 gpm (4]



WSRC-TR-2001-00277, Rev. 0

SRS performed a demonstration of the modified density gradient dissolution method in Tank 10
in 19793191112 Tank 10 is a Type I'tank. Itis 75 ft in diameter, 24.5 ft high, and has a capacity
of 750,000 gallons. The tank contained a large salt mound (17 feet high) in one half of the tank.
The other half also contained salt, but not at a uniform level. A level of 17 feet corresponds to
500,000 gallons. Since one half of the tank did not contain 17 feet of salt, the actual amount of
salt cake in the tank was probably less than 500,000 gallons.

Supernate was observed between salt mounds in the tank. The supernate was probably saturated
when the demonstration started. On two occasions, the tank received water from RBOF-RRF.
The amount of water is not known. This water probably dissolved some of the salt cake in the
tank and was near saturation when the demonstration started. Water was added to the tank to
allow the transfer jet to be mined. The time this water was in the tank prior to the dissolution
process beginning is not documented. The water would have dissolved some salt. Dissolution
water was added batch wise to fill the tank to 206 inches (~ 17 feet) rather than continuously.“
Some dissolution likely occurred as the water was added to the tank and while the water sat in
the tank. The amount of dissolution is not known.

The teletype report of Tank 10 dated 4/30/79 stated that over 3 days of operation, the salt
dissolution rate “appears to be about 0.01 ft/hr as was predicted by TNX test”. This is equivalent
to the salt dissolution rate of 5.42 gpm with a supernate density of 1.3 g/cc.® Equation [5] shows
the calculation converting the change in salt cake elevation to salt cake dissolution rate.
However, the statement “appears to be about 0.01 ft/hr” raises uncertainty about the rigor with
which the dissolution rate was calculated.

Dissolution Rate = (0.01 ft/hr) (12 in/ft) (2710 gal/in) / (60 min/hr) = 5.42 gpm [5]

Another reference describes the dissolution rate to be 2.8 gpm.'* Because the tank conditions
prior to the demonstration are not described and other effects such as water being in the tank

. prior to the demonstration starting could have contributed to dissolution, there is a great deal of
uncertainty in the salt dissolution rate by the modified density gradient method. The reference
does not provide the tank temperature during the demonstration. High Level waste should
exercise caution when using this estimate. Additionaily, the test conclusion indicates that
solution chemistry (i.e., corrosion inhibitors) was difficult to control without tank mixing.'?

Tank 10 Salt Removal Demonstration Details & Teletype Data also provides additional
dissolution test data from 4/25 through 5/2979."" The dissolution process was performed for 35
days. According to the data recorded, 140,046 gallons of salt cake was dissolved. Dividing the
amount of salt dissolved by the demonstration time (35 days) yields a salt cake dissolution rate of
2.8 gpm.

Based on the data obtained for salt dissolution by density gradient methods, the authors decided
to perform the analysis with a dissolution rate of 3.55 gpm (the mid-point of 1.25 and 5.84) at
25° C. This approach makes a number of assumptions and extrapolations, so High Level Waste
should exercise caution when using calculated dissolution rates for the modified density gradient
method.
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Molecular Diffusion

Another method for salt dissolution is molecular diffusion. With this method, inhibited water is
added to the tank, salt cake dissolves, and supernate mixing occurs by molecular diffusion,

Since thermal gradients will exist in waste tanks, thermal diffusion must also be considered. The
thermal gradients will cause density variations that will increase the mass transfer rate. The
thermal convection mass transfer coefficient can be calculated by using an analogy with thermal
convection heat transfer that is described by equation fﬁ]

3 2 L3 1/3
KL _ 415 BEP 40 ZAp Ll [6]
D PH pD

In equation [3], k is the mass transfer coefficient, L is the liquid depth, D is diffusivity, g is the

acceleration due to gravity, p is supernate density, and p is the supernate viscosity. The
temnerature difference is assumed to he 1° C. Once the mass transfer coefficient i is calculated

the mass transfer rate can be calculated with equation [7].

T=kAAC [7]

In equation [4], A is the surface area and AC is the concentration gradient. Table I shows the
input parameters for equations [6] and [7].

Using the input parameters from Table 1 and equations [6] - [7], the salt dissolution rate by
thermal diffusion is calculated to be 2.47 gpm for 2.4:1 dissolution ratio (2.4 gal. water to 1 gal

salt cake dissolved).

Table 1. Input Parameters for Thermal Diffusion Calculation

Parameter Yalue
D (cm?/s) 1.57x 10°
L (in) 50
p (g/cc) 1.3919
u (cp) 2.42
v (cm?s) 0.0174
AT (°C) 1
Ap (g/cc) 0.00038
g (cm/s?) 980
AC (g/cc) 0.2
A (cm?) 527 x 10°

In 1981, SRTC conducted a horizoptal plane dissolution test, which is similar to molecular
diffusion, using a four liter beaker with 15 centimeter diameter.® The measured salt dissolution
rate was (.51 mL/min, which corresponds to a dissolution rate of 1.18 gpm in Tank 37H. The
authors used 1.18 gpm, 2.47 gpm, and 1.83 gpm (the average) to calculate salt dissolution times
by this method.
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This approach makes a number of assumptions and extrapolations. It has not been
experimentally validated. Therefore, SRS HLW should exercise caution when using this data to
predict salt removal rates by molecular diffusion.

Dissolution Time Calculation

SRTC used the analysis described above to calculate the time to dissolve 50 inches of salt cake
by various methods. Table 2 shows the methods considered. The table shows the range of
dissolution rates calculated for each method, as well as the dissolution rate used to calculate he
total dissolution process time. The dissolution rate used for the calculations with the slurry
pumps and Flygt mixers was determined by using the average dissolution rate in Tank 19 at
25° C, modifying it if necessary to calculate the dissolution rate with a Flygt mixer, and
correcting the rate for temperature and the number of mixers. The results of calculation for
dissolution time with MDG and other methods are shown in Table 2.

To calculate the time to dissolve 50 inches of salt cake, one must also consider the time required
to add inhibited water, the salt dissolution time, the time to transfer supernate from the tank, and
sampling and preparation time. SRTC made the following assumptions to calculate the salt
dissolution time. Tank 37H will contain 269.5 inches of crystallized salt cake and 81.69 inches
of saturated supernate when the supernate is removed from the tank. This supemate will be
saturated with salt. The ratio of dissolved salt cake to inhibited water in the supernate removed
from the tank 1s 1:2.4. HLW can add a maximum of 40 inches of inhibited water to the tank for
each dissolution batch. HLW can add 8000 gallons of inhibited water in a 12-hour shift (the
addition rate is 11.1 gpm). Seven days was added to the dissolution time for each batch to be
conservative. The jet transfer rate of non-MDG to TK 26 is 60 gpm. As shown in Table 2, the
jet transfer rate of MDG to Tank 26 are 4.25 to 36.73 gpm. Sampling and preparation time is
240 hours per dissolution batch.

Table 3 shows a number of different techniques can be used to dissolve the salt cake in Tank
37H. The spreadsheets used to perform the calculations are included in Appendix 1. The
modified density gradient method with a transfer jet in the deeply mined well could dissolve the
salt cake faster than a single Flygt mixer and horizontal plane or molecular diffusion dissolution.
Increasing the supernate temperature of all methods or increasing the number of mixers
decreases the dissolution time. The table also shows the fraction of dissolution time required for
mixing is 30 — 54% of the total dissolution time. HLW can improve the salt dissolution rate by
reducing the time for other steps (e.g., water addition, supernate removal, and sampling). Some
dissolution will occur while inhibited water is added to the tank, which will reduce the overall
salt dissolution time. The exact reduction in dissolution time cannot be quantified.

The authors have more confidence in the predicted dissolution times with Flygt mixers and slurry
pumps than they do in the predicted dissolution times with molecular diffusion (MD) and the
modified density gradient (MDG) method. There are a number of uncertain thermal effects on
MD and unknown salt cake internal structural porosity or moisture permeability and undefined
drain passage pattern which could change with time, temperature, transfer jet suction condition,
water-salt cake level and other MDG method parameters.



Table 2. Salt Cake Dissolution Methods

Method

Dissolution Rate
Range (gpm)

Transfer Rate to
TK 26 (gpm)
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Total Process
Time (Months)

No Agitation 25C Low
No Agitation 25C Mid.
No Agitation 25C High

MDG 25C Low
MDG 25C Mid-value
MDG 25C High

MDG 50C Low
MDG 50C Mid-value
MDG 50C High

MDG 75C Low

MDY 75C Mid-Value

1
LYAL 7N F ol AYRIWT Y Ol

MDG 75C High

1 Flygt Mixer 25C Low
1 Flygt Mixer 25C Mid.

1 Flygt Mixer 25C High

I Flygt Mixer 50C (Mid)
1 Flygt Mixer 75C

2 Flygt Mixers 25C
2 Flygt Mixers 50C
2 Flygt Mixers 75C

3 Flygt Mixers 25C
3 Flygt Mixers 50C
3 Flygt Mixers 75C

1 Slurry Pump 25C
1 Slurry Pump 50C
1 Slurry Pump 75C

1.18
1.83
2.47

1.25
3.55
5.84

1.78
5.05
8.32

2.33
6.56
10.8

2.0
3.0

4.0
2.8-5.7 (4.3)
3.7-7.4(5.6)

28-57142)
4.0-8.0(6.1)
5.3-10.5(8.6)

3.5-6.9(5.2)
49-98(74)
6.4 -12.9 (10.6)

3.0-7.0(5.0)
43-99(7.1)
56-13.009.3)

60
60
60

60
60

60
60
60

60
60
60

60
60
60

8.63
7.03
6.27

8.08
5.32
473

6.81
4.87
4.45

5.1

54
3.0
4.7

3.1
4.8
4.6

52
4.9
4.7

Using these assumptions, SRTC calculated the dissolution time by each method in Table 2.

Table 3 shows the results.
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_Table 3. Tank 37H Salt Dissolution Time

Water Temp.  Dissolution  Dissolution  Dissolution Time  Total Process
Method of Dissolution (°C) Rate (gpm) Time (days) (% of Total) Time (months)
1. No Agitation 25 1.83 116.8 54.4 ' 7.0
2. MDG 25 3.55 738 46.0 53
3. MDG 50 5.05 60.2 40.5 : 4.9
4. MDG 75 6.56 52.8 37.4 4.6
5. One Flygt Mixer 25 3.0 822 45.7 59
6. Two Flygt Mixers 25 4.2 66.7 40.5 54
7. One Flygt Mixer 50 43 65.8 40.0 54
8. One Sturry Pump 25 5.0 60.5 383 5.2
9. Three Flygt Mixers 25 5.2 59.3 37.8 5.1
10. One Flygt mixer 75 5.6 57.0 369 5.1
[1. Two Flygt Mixers 30 6.1 54.6 359 3.0
12. One Slurry Pump 50 7.1 509 343 4.9
13. Three Flygt Mixers 50 7.4 50.0 339 4.8
14. Two Flygt Mixers 75 8.6 469 325 4.7
I5. One Slurry Pump 75 9.3 4535 31.8 47
16. Three Flygt Mixers 75 10.6 433 30.8 4.6

Heat Transfer Analysis

ieat transfer model which describes heating and cooling in
% The model is described by equation [5]
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CPpV(dT/dt) = Qdec + ijm + qur + Qcoi + Qana + Quns + QVWI + Qsen + Qtsr [5]

where ¢, is the specific heat of the liquid or solid phase, p is the density of the liquid or solid
phase, V is the liquid or solid phase volume, T is bulk temperature, {1s time, Qge. is radionuclide
decay heat, Qjpm is heat input from a steam jet or slurry pump, Qpur 1s the heat removed by
evaporation and purge gas, Qc; is the heat removed by submerged and vapor space cooling coil
water, Qqna is the heat removed by annulus air passing through the tank bottom cooling slots, Quas
is the heat removed by underground soil, Q.. is the heat flow through the vertical tank wall,

Qqen is the sensible liquid heat flow into or out of the tank, and Q is the heat absorbed by tank
structures.

This model evaluates equation [5] in discrete time steps. It evaluates heat inputs and outputs on
the right side of equation [5], and calculates the new heat balance and temperature at the end of
the time step. This process is repeated for a time determined by the user. SRS HLWE has .
compared the model predictions with actual waste tank temperatures to validate the model. The
model is applicable to all types of SRS Tank Farm waste tanks (Types I, II, ITI, [Iia, and [V).
Figure 1 shows a schematic of how the model is applied to SRS Waste Tanks. It has been
approved by SRS HLWM for calculating waste tank tempertures.'”

The authors employed the model to calculate the supernate and salt cake temperature during the
entire dissolution process. The initial waste tank supernate temperature is assumed to be 37° C.

If the inhibited water added to the tank has a temperature of 25° C, the supernate temperature
will decrease as the inhibited water is added. If the inhibited water added to the tank has a

I



temperature of 50° C or 75° C, the supernate temperature will increase as the inhibited water is
added. Since salt dissolution is an endothermic process, the supernate temperature decreases
during salt dissolution. Once salt dissolution is complete, radionuclide decay heat will increase
the supernate temperature. The supernate temperature will, in most cases, rise slightly during
transfer of supemate from Tank 37H. Table 4 shows the calculated tank supernate temperature
following inhibited water addition, 4t the end of salt dissolution, at the end of mixing, and the

“peak supernate temperature during batch [ and batch 4 for each dissolution method. The table
shows that when the inhibited water temperature is 50° C or 75° C, the actual supernate
temperature will be much lower. When the inhibited water temperature is 25° C, the tank
supernate temperature will be higher.
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When dissolving salt cake with one Flygt mixer and 25° C inhibited water, the supernate
temperature will vary between 37° C and 27° C during the process. The supernate temperature at
the end of the salt dissolution for the four batches was 34° C,31.5°C,29.5°C,and 28° C (31° C
average). Since this temperature is higher than 25 ° C, the actual salt dissolution rate will be
slightly higher than predicted by these calculations. Similar results are expected for other

dissolution methods with 25 © C inhibited water addition.

When dissolving salt cake with one Flygt mixer and 50° C inhibited water, the supernate
temperature will vary between 38° C and 32° C during the process. The supernate temperature at
the end of the salt dissolution for the four batches was 36° C, 34.5° C, 33.5° C, and 33° C (34° C
average). Since this temperature is lower than 50 © C, the actual salt dissolution rate will be less

than predicted by these calculations. At a supernate temperature of 34° C, the calculated salt
dissolution rate is 3.15 gpm. Similar results are expected for other dissolution methods with

50° C inhibited water addition.

Table 4. Tank 37H Supernate Temperature

End IW Addition ~ Peak Temp.  End Dissolution - End Mixing
Water Batch [ Batch 1 Batch 1 Batch 1
Method of Dissolution Temp. (°C) Batch 4 Batch 4 Batch 4 Batch 4
1. No Agitation 25 36.0 37.0 33.6 343
29.7 299 27.6 279
2. MDG 25 36.0 370 334 336
29.1 29.1 26.5 27.0-
3. MDG 50 38.0 38.0 35.0 350
34.0 340 30.6 30.8
4. MDG 75 40.1 T 401 373 37.0
399 40.0 36.6 36.2
5. One Flygt Mixer 25 36.0 37.0 35.6 359
29.8 30.0 215 217
6. Two Flygt Mixers 25 36.5 37.0 337 340
30.0 30.2 27.6 28.2
7. One Flygt Mixer 50 38.0 38.0 355 35.7
‘ 354 354 325 2.7
8. One Slurry Pump 25 36.0 38.6 36.1 38.6
379 40.6 378 40.6
9. Three Flygt Mixers 25 36.0 37.0 33.8 34.3
304 30.7 28.1 28.8
10. One Fiygt mixer 75 40.0 40.0 375 315
40.8 40.8 317 377
1f. Two Flygt Mixers 50 38.1 38.1 35.6 35.9
35.6 35.6 32.8 332
12, One Slurry Pump 50 38.0 39.7 373 39.7
' 42.2 43.7 41.1 437
13. Three Flygt Mixers 50 38.1 38.1 35.8 36.2
36.2 36.2 335 340
t4. Two Fiygt Mixers 75 40.2 40.2 375 377
. 41.3 41.3 38.1 3813
15. One Slurry Pump 75 40.1 41.2 38.9 41.2
47.3 47.3 45.6 47.9
16. Three Flygt Mixers 75 40.2 40.2 37.8 38.2
42.2 422 393 39.6
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When dissolving salt cake with one Flygt mixer and 75° C inhibited water, the supernate
temperature will vary between 41° C and 37° C during the process. The supernate temperature at
the end of the salt dissolution for the four batches was 37.5° C, 37.7° C, 37.8° C,and 37.8° C

(QRO p c\\rArQﬁ'P\ Qinre thic tamnaratiira ic ‘r\u:nr than F5° F l’hP achial ealt dissalution rate will

u&\‘} AL LRLAY I.\/ll.llJVI CALLLE N, Bad IV VY o) LLICALL F o vy SWRAW AW LLALA ALY MAAT LIS A LS LARN RS R RALW TS oArs
be less than predicted by these calculations. At a supernate temperature of 38° C, the calculated
salt dissolution rate is 3.35 gpm. Similar results are expected for other dissolution methods with
75° C inhibited water addition.

The heat transfer calculation results are shown in Appendix 2.
Assumptions

The authors made the following assumptions in performing the salt dissolution analysis:

o The effect of increasing tank supernate temperature on the dissolution rate is 1.7%/°C.

¢ The tank cooling coils have a small effect on the salt dissolution rate

¢ Using a smaller volume of dissolution water in Tank 37H than in Tank 19F has a small effect
on the salt dissolution rate.

e The dissolution process is mass transfer limited.

e The discharge from a Flygt mixer behaves as a turbulent jet.

¢ The salt dissolution rate is proportional to the square root of the number of pumps or Flygt
mixers.

e The ratio of dissolution fluid to salt cake is 2.4:1. This ratio is an average from the Tank 19
Salt Removal Demonstration.

o The ratio of the salt dissolution rate by the modified density gradient approach to the salt
dissolution rate with mechanical agitation does not change during scale-up.

¢ The Colburn analogy can be used to describe thermal convection mass transfer.

a Tha tha aradia in Taml- 27LY o 10 f‘ Thic agarimntinan ic hacad An the tamneratire
- 1 llc Lll\tllllal 61 ﬂulclll i1l rallh J ikl ].D L . L11l1> @Dulll}_)uull Ly UAabAd UL Wi Lullipivd Gl v

difference between the salt cake and supernate obtained from the HLW morning report.

s The saturated supemnate density is 1.39 g/cc, which is the densuy of a saturated sodium
nitrate solution.

» The saturated supernate viscosity is 2.42 cp., which is the density of a saturated sodlum

nitrate solution.

Tank 37H contains 269.5 inches of salt cake.

Tank 37H contains 81.69 inches of saturated supernate.

HLW can add a maximum of 40 inches of inhibited water to the tank a one time.

HLW can add 8000 gallons of inhibited water to the tank in one 12 hour shift.

Seven days is added to-the dissolution time in each batch for conservatism.

The jet transfer rate is 60 gpm for non-MDG dissolution cases.

Sampling and preparation time is 240 hours for each dissolution batch.

o The initial waste tank supernate temperature is at 37° C

14
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Conclusions

The conclusions from this work are the following:

* Asingle Flygt mixer with tank supernate temperature of 25° C should be sufficient to
dissolve and remove 50 inches of salt cake within six months. Increasing the supernate
temperature or adding additional Flygt mixers will decrease the time to dissolve the salt cake.

* Asingle slurry pump with tank supemnate temperature of 25° C also should be sufficient to
dissolve and remove 50 inches of salt cake within six months. Increasing supernate temp-
erature or adding additional slurry pumps will decrease the time to dissolve the salt cake.

 Calculations predict that the modified density gradient method should be able to.remove 50
inches of salt cake within six months, but uncertainty exists in predicting dissolution rates by
this method (predicted dissolution rates varied between 1.25 gpm and 5.84 gpm at 25° C).
HLW should exercise caution when making decisions using calculated dissolution rates for
this method.

* Molecular diffusion is unlikely to remove 50 inches of salt cake in six months.

» If the inhibited water temperature is 25° C, the actual tank supemate temperature will be

higher and the salt dissolution rate faster than predicted by this analysis.

e If the inhibited water temperature is 50 or 75° C, tank cooling will reduce the tank supernate
temperature to 30 — 40° C, which increases the dissolution time and minimizes the benefit of
adding heated water to the tank. Including this effect, the dissolution rate with one Flygt
mixer is 3.15 gpm (rather than 4.3) for case 7 and 3.35 gpm (rather than 5.6) for case 10.

Path Forward
I HLW "eq ires more rigorous estimates of the salt dissolution time, SRTC could reduce the
uncertainty in the calculated dissolution time by performing the following work:

+ Perform a more rigorous analysis of sait dissolution by the density gradient methods.
¢ Perform a more rigorous analysis of salt dissolution by molecular diffusion.

* Perform a more rigorous evaluation of changing supernate temperature in the tank when the
inhibited water is heated prior to addition.
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Appendix 1

Selected Sketches, Test Data and Example Calculations

A)Molecular Diffusion (or Horizontal Plane) Dissolution
B)Modified Density Gradient Dissolution
C)Mixing by Flygt Mixer(s) and Dissolution

D)Mixing by Slurry Pump and Dissolution

17
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A) Molecular Diffusion Dissolution Without Agitation

Molecular Diffusion - 25C IW (Case 1)

Horizontal Plane Dissolution of Salt by

LAV S ey AN S BN

Molecular Diffusion and Thermal D1ffus1on

H'O’hl‘f f‘nnnnnf-ra ard Ar Caty n-4n a
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Near Salt Cake—quuld Interface

3
L

Low Concentration or Less Saturated Salt Solution
Near Vapor-Liquid Interface
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Inhibited 1" CTANK l’i IS
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(B | ¥ vapor  mmE ()
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used here low | high [Horizontal plane dissol. lab test
salt dissolution rate (gpm) 1.83 1.18 2.47 |1.18 and diffusion calc. value
[ total titne {months) 7.03, 8.63 6.27 12.47 were shown as low & high
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Reference (A) - D. Kiser, Savannah River Laboratory (Jan/81), DP-1587, “Removal of Salt from

WSRC.TR-2001-00277, Rev. 0

High-Level Waste Tanks By Density Driven Circulation or Mechanical Agitation®

Horizontal Plane Dissolution

Four Liter | Type [V Type [la |
Items \ Case Beaker Test | Tank 22H | Tank 37H
Tank ID (D) 15 cm 85 ft -85 ft
D in meter 0 meter 26 meters 26 meters
Diameter Ratio 1 173.8791 173.8791
Area (Al) 0.0174 m2 527.1784 m2 527.1784 m2
ID Area Ratio l 30233.97 30233.97
Center Cylinder QD 0 fi 0 ft 6.75 ft
0 m 0 m 2.0574 m
Center Column Area (A2) 0 m2 0 m2 3.324507 m2
Net Area (A=Al1-A2) - 0.0174 m2 527.1784 m2 523.8539 m2
Equiv De=(4*Ae/pi}*0.5 0 meter 25.808 meters | 25.82617 meters
Equiv. Dia, Ratio 1 173.8791 173.3300
Net Area Ratio L 30233.97 30043.31
Cake Dissolution Rate 0.06 cmmr
0.000010 m3/hr
0.002763 galthr _
0.000046 gpm 1.39 gpm | 1.38 gpm
salt dissolution ratio
2.4 0.000039 gpm 1.19 gpm 1.13 gpm
2.3 0.000040 gpm 1.22 gpm 1.21 gpm
2.2 0.000041 gpm 1.26 gpm 1.25 gpm
2.1 0.000043 gpm 1.30 gpm 1.29 gpm
2.0 0.000044 gpm 1.34 gpm 1.34 gpm
1.9 0.000046 gpm 1.39 gpm 1.38 gpm
Salt Solution Removal(B) 0.505 ml/m 15.27 L/min 15.17 L/min
B in gpm 0.000133 gpm 4.03 gal/min 4.01 gal/min
Salt Dissolution 0.000039 gpm 119 gpm 1.18 gpm
Rate = B/ (2.4+1) |
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Molecular Diffusion Case

= === diffusion time 16.4 days
dissolution rate 2.47 gpm
dissolution water added = 40 inch
salt cake dissolved using 2.4 to 1 ratio = 16.6667 inch
totat supernate produced H= 56.6667 inch
salt cake - supernate temperature diff dT = 1 C
diff. supernate density between 26C & 25C drh = 0.00038 g/cm3
liquid depth L= 143.9333 cm
liquid gallon per inch depth of tank = 3510 gallinch
unit conversion from galion {0 em3 = 3785.4 cm3/gal
total volume of dissolved salt solution V= 752916060 cm3
Vgal = 198900 gal
surface area=A = V/L = 5.23E+06 = A= 5231006 cm2
gravitational acceleration g= 980 cm/sec2
absolute viscosity of salt solution mu = 2.42 c¢p
kinematic viscosity of salt solution = mu/rho= 1.7386 centistokes
(mu/rho)/92903.4 = 0.00001871 ft2/sec
(mu/rho)*(12*2.54)°2/92903.4 = nu = 0.0174 cm2fsec
Grashof Number
Gr = (g)(L*3)(drh){{rho*nu~2) = Gr= 2639213298
Schmidt Number
kinematic visco. / diffusivity = Sc= nu/bDf= 1107.40
Sherwood number
Sh=0.13 " Gr~{1/3) * Sc*(113) = Sh= 1858.68
Sh=(k) * L/Df
Mass Transfer Coeff =k =(Sh) * Df /L= , k= 0.00020274 cmisec
Mass Transfer Rate=J =k * A * dC J= 207.81 gfsec
total volume of dissolved salt solution V= 752916060 cm3
differential density between water & salt solu. = 0.392 g/cm3
differential mass between water & salt solu = dM = 205067804 grams
total transfer time of differential mass
t=dM/Jd = 1419873 sec = 23665 min = 394.41 hrs
= 16.43 days
salt dissolved = {Vgal) = 1/ (1+2.4) = Qsd = 58500 qgals
dissolution rate = 58500 gals/ 23665 min. = 2.47 gpm
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Modified Density Gradient (MDG) Dissolution

Low Density Inhibited Water or Supernate -—- Upper Layer

High Density Dissolved Salt Solution --- Lower Layer or Well
Dissolved Salt Solution To Be Transferred Out During Dissolution

MDG ~ 25C IW (Case 2)

MDG - 50C IW (Case 3)

MDG -~ 75C IW (Case 4)

’ p—
v . | l =13 B =i
— .

o — | ~
Inhibited = Jét —
Water W TELESCOPING
(BatCh) : _TRANSFER JET | {7 )
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Reference (A)
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D. Kiser, Savannah River Laboratory (Jan/81), DP-1587, *Removal of Salt from

High-Level Waste Tanks By Density Driven Circulation or Mechanical Agitation"

Reference (B)

B. Wiersma, SRTC (Aug/96), WSRC-TR-96-0160,

"An Investigation of Density Driven Salt Dissolution Techniques"

Density-Driven Circulation Test

——

1981 Lab Jar |1996 Trough | Type IV Type Il1a
Items \ Case Test (A) Test (B) Tank 22H Tank 37H
Trough Size or ID - 3l em 3"x36"x15"high 85 ft 85 ft
Equiv circle ID in meter - 0 meter 0.2979 m 26 meters 26 meters
Equiv. Diameter Ratio I 0.9766 84.94 84.04
Area (Al) 0.0731 m2 0.0697 m2 527.1784 m2 527.18 m2
Area Ratio 1 0.9537 7215.527 7216
Center Cylinder OD 0 ft 0 ft 0 ft 7 ft
0 m 0m 0m 2 m
Center Column Area (A2) 0 m2 0 m2 0 m2 3.32 m2
Net Area if A<(A1-A2) 0.0731 m2 0.0697 m2 527.1784 m2 523.85 m2
Equiv De=(4*Ae/pi)*0.5 0 meter 0.2979 meter 25.908 meters 25.83 meters
Equiv. Dia. Ratio 1 0.9766 84.94426 84.68
Net Area Ratio 1 0.9537 7216 7170
Cake Dissolution Rate 0.31 cm/h 0.25 emmr |Salt Cake Dissolution Rate
0.00023 m3/hr | 0.00018 m3/hr | (gpm) by using test data
0.05983 gal/br | 0.04662. gal/hr (A) (B) (A) (B)
0.00100 gpm 0.00078 ppm :
salt dissolution ratio SD Ratio=1.913 | SD'Ratio=2.4 7201 5.88 | 7.15 |5.84
2.4 0.00085 gpm 0.00078 gpm 6.17{ 5.88] 6.13} 5.84
2.3 0.00088 gpm 0.00080 gpm 635 6.06| 631 6.02
2.2 0.00091 gpm 0.00083 gpm 655 6.25 6.51 | 6.21
2.1 0.00094 gpm 0.00085 gpm 676 | 6.45 6721 6.41
2.0 0.00097 gpm 0.00088 gpm 6.99 6.66 6951 6.62
1.913 0.00100 gpm 0.00091 gpm 7201 68| Z.a5| 6.82
Salt Solution Removal(B) 11 ml/min 10 mi/min _
B in gpm 0.00291 gpm 0.00264 gpm 20,97 | 19.99 | 20.84 | 19.86
Salt Dissolution 0.00085 gpm 0.00078 gpm 6.17 1 5.88 | 6.13 {5.84
Rate = B/ (2.4+1) gpm | gpm | gpm |gpm
(salt dissol. -atio of 2.4 case) ]
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Moadified Denpsity Gradient with 25C Inhibited Water (Batch 1)

a) initial salt cake level (average of 262" & 277"

b) inhibited water batch = ~80% of 10 Kgal tank
inhibited water pumping to TK 37 (80 to 120 gpm)
total time of 1 batch IW addition to TK 37 = [Wt
IW addition

total IW add hr needed/net pumping hr = IW/IWp = [2/1.33

1 batch per 12 hr shift &

equiv. continuous [W addition rate= IWt/[Wp = (00 gpm/9 ——~-
batch water add hrs= (40in*3510gal/in)/(11.11 gpm*60min/hr)=
c} jet transfer TK 37->TK 30 (Existing Decant Before Batch)

269.50

8000
100
i2

2

9
11.11
210.6

60

inch

gallons per batch
gpm ; IWp=1.33 hrs

“hrs
batches per day

gpm

hrs = 8.8 days

gpm (not Batch Case)

d) salt dissolution rate (gpm) 3.55 1.25 5.84 | Avg of 25% slurry pump rate
transfer to TK 26 (gpm) 12.05 4.25 19.86 | and 1979 TK 10 data gives
total time (months) 5.32 8.08 4.73 | (5%0.25+5.84)/2 = 3.55 gpm

37.5
av ‘%Q%h—
-~ 36.5 e Case 2: Modified Density Gradient - 25C IW
2 Tﬁ&&&ﬁn— Batch 1 - (Individual) & Cummulative Time
h a6 Inhib' Water (8.8) 8.8 days
'3 N Dissol+Trnsf (11.4) 20.2 days
b as.5 . %iq_ Contingency (7) 27.2 days
& . Sample & Prep. (10) 37.2 days
g p
= as :
8 k\& “YSE%
g 245 X S
i S4.D
P
% 34 .
< M ispaiziEsticaig
33 ] ETTYRTIR TR R
;'_H_H-H‘H_Pi—
az2.5
0 10 20 30
Time (Days)
0O Supernate + Salt
Batgh #1 starting water salt total “crystallized total (Inhib’Water 210.6
T level added | dissolved | supernate salt cake content |Disso+Trsf 275.0
|depth (in) | 271.50 40,0 16.67 58.67 254.83 313.5 (Contingency 168.0
gallons 952965 | 140400 58500 205920 894465 | 1100385
% 86.6% 12.8% 5.3% 18.7% 8§1.3%| 100.0%|Samplé&Prep. . 240.0
[net hours 210.6 275.0 275.0 transfer batch total (days) 37.2
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Modified Density Gradient with 25C Inhibited Water (Batch 2)

a4
iy
335 e
iy Case 2: Modified Density Gradient - 25C W
% %’_ Batch 2 - (Individual) & Cummulative Time
o 33 Inhib'Water (8.8) 8.8 days
5 ﬁ%&“ Dissol+Trnsf (11.4) 20.2 days
Y E .
< 12.5 M: Contingency (7) 27.2 days
¢ Y Sample & Prep. (10) 37.2 days
E-E' az KS‘
N R
¢ \\“‘5
n
P i
. \s‘ [ﬁi&b
m Egﬂ
: ;
) \&Bkﬁ !Eﬁggﬁg
it
30.5 EYE-,
LT
)%31 et
ao l
o 10 20 le] 40
Time (Daya)
0O : Supernate + Salt
starting water salt total crystallized total  |Inhib'Water 210.6
‘ | level added | dissolved | supernate | salt cake content [Disso+Tmsf  275.0
depth (in) 256.83 40.0 16.67 58.67 240.17 298.8 {Contingency 168.0
gallons 901485 140400 58500 205920 842985 | 1048905
% 85.9% 13.4% 3.6% 19.6% 80.4%| 100.0%|Sampl&Prep. 240.0
net hours 210.6 275.0 275.0 transfer batch total (days) 37.2
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Modified Density Gradient with 25C Inhibited Water (Batch 3)

314
ar.z _
31 — g, Case 2: Modified Density Gradient ~ 25C [W
30.8 Batch 3 - (Individual) & Cummulative Time
o 30.6 9 Inhib'Water (8.8) 8.8 days
. 0.4 Tyl Dissot+Tensf (11.4) 20.2 days
o ! A | 'S{q . Contingency (7) 27.2 days
Y 30.2 Sample & Prep. (10) 37.2 days
i % P
g a0
E 29.8 \& %
- 29.6 '&& i
$ 29.4 3
g 29.2 55
® %
b 29 5 D&L
X 28.8 T et
[f 28.6 18\ Tan s,
26.4 X, ?ﬁ M
28.2 5 e
K
28 ot
27.8
¢ 10 20 30 40
Time (Daya)
0 Supecrnate + Salt
Batch #3 | starting water salt total crystaliized total  iInhib’Water  210.6
ni b level added | dissolved | supernate | salt cake content [Disso+Tmsf  275.0
depth (in) 242.17| 400 16.67| . 58.67 225.50 | 284.2 |Contingency  168.0
gallons 850005 140400 38500 205920 791505 997425
% 85.2% 14.1%| 59% 20.6%)| . 79.4% 100.0%|Sampl&Prep. 240.0
net hours 210.6 275.0 275.0 transfer batch total (days) 37.2
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Modified Density Gradient with 25C Inhibited Water (Batch 4)

29.4
29.2 |
29 Vi &
_ 28.8 R, Case 2: Modified Density Gradient - 25C IW
o snc FHHHHHHHHHHAH ‘&L Batch 4 - (Individual) & Cummulative Time
0 - ﬁ Inhib'Water (£.8) 8.8 days
3 28.4 i Dissol+Trnsf (11.4) 20.2 days
§ 28.2 LEL Contingency. (7) 27.2 days
: 28 % 8§ | Semple & Prep. (10) 37.2 days
v o
= 27.8 %
3 27.6 J\ N
: y
= 27.4 L&- e
5 ems A 2 | e
& ] _oF Lo
75 27 AL I
= 26.8 \:&L ncf. e
26.6 3 ﬁ ﬁd“"dﬂr
26.4 | Js‘ﬂ o
26.2 :
o 10 20 30 40
Time (Daya) _
O ESupernate 4+ Salt
Step . Hours
starting ‘water salt total crystallized total |Inhib’Water  210.6
level added | dissolved | supernate | salt cake content |Disso+Trnsf  275.0
depth (in) 227.50 40.0 16.67|  58.67 210.83 269.5 |Contingency ~ 168.0
gallons 798525 140400 58500 205920 740025 0945945
% 84.4% 14.8% 6.2% 21.8% 78.2%| 100.0%|Sampl&Prep.  240.0
net hours 210.6 275.0 275.0 transfer batch total (days) 31.2
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C) Mixing by

1 Mixer 25C IW (Case 5)
I Mixer 50C W (Case 7)
1 Mixer 75C TW (Case 10)

echanical Agitatio t Mixe;
2 Mixers 25C IW (Case 6)
2 Mixers 50C I'W (Case 1L)

2 Mixers 75C IW (Case 14)

3 Mixers 25C W (Case 9)
3 Mixers 50C IW (Case 13)

3 Mixers 75C IW (case 16)

TAHE

TELESCOPING
TRANSFER JET

ITT Flygt Vortex Suppressor
Mixer 4650 Vs)
7.5 HP '
When used with VS L.
only 1 ft submergence  Minimum
is needed. Submergence
Minimum liquid depth 36" Without VS

Minimum liquid depth

36" +23% = 59" is 12* + 23* = 35" is 12" With vs
‘needed without VS, needed with VS, -
| e
= 36* or 12~
\ p
e
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One Flygt Mixer with 25C Inhibited Water

a) initial salt cake level (average of 262" & 277") -—-- 269.50 inch
b} inhibited watel batch = ~80% of 10 Kga! tank ————--—————- 8000 gallons per batch
inhibited water pumping to TK 37 (80 to 120 gpm) -----—--- -- 100 gpm ; [Wp=1.33 hrs
‘total time of 1 batch [W addition to TK 37 = IWt «-————————————=~—— 12 hrs
IW addition --------———————-—- 1 batch per 12 hr shift & 2 batches per day
toial IW add hr needed/net pumping hr = IWt/IWp = 12/1.33 ————- 9
equiv. continuous IW addition rate= [Wt/IWp = 100 gpm/9 -——- 11.11 gpm
batch water add hrs= (40in*3510gal/in)/(11.11gpm*60min/hr)= 210.6 hrs = 8.8 days
c) jet transfer TK 37->TK 30 and or TK 26 60 gpm
used here low high
d) salt dissolution rate (gpm) 3.00 2.00 4.00
| total time (months) 5.89. 6.78 5.45
av.s — T l l |
av J Case §: One Flygt Mixer.with 25C Iw
Batch 1 - (Tndividual) & Cummulstive Time
5 365 okt Weter (8.8} 8.8 daye
= h‘ﬁ%%a Dissolution (13.5) 22.3 days
5 as Extrs Mixing (7) 29.3 days
2 qhﬁg Jet Transfer 2.3) 31.6 days
E a5.5 Sample & Prep. (10) 41.6 days
i % ‘ﬁqﬁ
Lo L
= as b
345
e
. o .
. a4 X Y9 I erzioaszsd)
g ‘K‘z Ty '
d
= 33.5 > : x :
A FIISTTRTE L
33 %‘xﬁ,ﬁw““"“ :
azs
0 10 20 do 40
Time (Daya)
0O Supermate +  Salt
Batch #1 starting water salt total crystailized totat  |Inhib"Water 210.6
level added | dissolved | supernate salt cake content |Dissolution 325.0
depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 |Contingency 168.0
gallons 052965 | 140400 58500 205920 894465 | 1100385 |Jet Transfer 55.3
% 86.6% 12.8% 53%  18.7%| 81.3%| 100.0%Sampl&Prep. 240.0 |
net hours 210.6 325.0 55.3 transfer batch total (days) 41.6
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Tank 37 Waate Temperature (e

Tank 37 Waste Temperature (cy)
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Case 7: One Flygt Mixer with 50C [W

38.5 ——— 7 I I I | I T
as Case 7: One Flygt Mixer with 50C IW
‘ Batch | - (Individual) & Cummulative Time
. né [ohib'Weter (8.8) £.8 days -
7.5 Dissolution (9.4) 18.2 deye
"ggﬁj : & Extra Mixing (7) 5.2 days
3 ﬁlﬂ Jet Transfer (2.3) 27.5 days
? g'@«“' \ Sample & Prep. (10) 37.5 days
36.5 &
34 \
\_ S N A T T T g
35.9 "
as
MM HHH A

34.5 L

o Lo 20 30 40

Timec (Daya)
0O Supernate +  Salt

Case 10: One Flygt Mixer with 75C [W

40.5 : *
[T, l { | [ |
« m Case 10: One Flygt Mixer with 750 TW
ﬁ Batch | - (Individusl) & Cummulative Time | -
08 8 tnkdb* Water (2.8) 8.8 days
e Dissolution (7.2) 16.0 days
a0 y Extra Mixing ¢7) 330 days
- ’A Jet Treasfer @.3) 25,3 deys
26 Jf 5& Semple & Prep. (10) 35.3 days
wll F17 1N
i
7.5 ——
ar

7
36.5 —Z

36 —+

3s5.5 h_]____*_J_ﬁ____ ‘_4
. o 1] 20 30
Time (Days)

D  Supernate +  Salt

40
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D) Mixing by Mechanical Agitation (Slurry Pump)

25C Inhibited Water (Case 8)

75C Inhibited Water (Case 15)

O
PECI
J O] TANK

LONG SHAFT TELESCOPING
SLURRY PuHP TRANSFER JET

LIQU[D

sm /

///////// _

Minimum Submergence
16 inch above slurry pump bottom

V
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One Slurry Pump with 25C Ambient Inhibited Water

) initial salt cake level (average of 262° & 277*) =

b) inhibited water batch = ~80% of 10 Kgal tank =

inhibited water pumping to TK 37 (80 to 120 gpm) =
net pumping time of one batch [W to TK 37 = IWp =

number of IW batches per 12 hr-shift =

number of IW batches per day =

WSRC-TR-2001-00277, Rev. 0

269.50 inch

8000
100
1.3

gallons
gpm
hrs

1 .batch per shift
2 batches per day

total time of 1 batch IW addition to TK 37 = [Wt = 12 hrs
total IW time needed/net pumping time = [W/IWp = 9
c) salt dissolution rate = 5 gpm
d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
(60 to 100 gpm)
3s v — — T ; T
Case 8: Oge Sturry Pump with 25C IW
Bateh | - (Individual) & Cummulative Time BT 3y
aa.5 d -
Iohib' Water (3.8) 8.8 days %a@
o Dissolution (8.1) 16.9 days '
‘: 3s t Extra Mixiag (7) 23.9 days -
g Jet Transfer (2.3) 26.2 days
E e Szmple & Prep. (10) 36,2 days ]S(.%#‘
& N P - )( H‘I"r‘i-l-"H‘(-l-{.{_{_H_H__i_H_
g b/ |
= 37—
b1
n
Fg 36.5
= ’ el
5 %m | f! Ji
L
g a6 ]
: /
3.5 " ‘ £
357 -
e] Lo 20 30 40
Time (Daya)}
0O Supernate + Salt
starting water salt total crystallized total  (Inhib'Water 210.6
level added | dissolved | supernate | salt cake content |Dissolution 195.0
271.50 40.0 16.67 58.67 254.83 313.5 |ExtraMixing = 168.0
gallons _ 952065 | 140400 { 58500 | 205920 894465 | 1100385 [Jet Transfer 55.3
% 86.6%| 12.8%| 5.3% 18.7% 81.3%| 100.0%|Sampl&Prep.  240.0
net hours 210.6 195.0 55.3 transfer batch total (days) 36.2
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Teank 37 Waste Temperature (C)

Tank 37 Waste Temaperature (C)

Case 12: One Slurry Pumps with 50C Iw

WSRC-TR-2001-00277. Rev.

€0 —
Case 12: One Slurry Pump with 50C [W
105 o Batch | - (Individual) & Cummulative Time
. Inhib*Water (8.8) 8.5 anys ] My
Dissotation (5.7) 14.5 days .
39 —— Bxtex Mixing (7) 2L.5 days
Tet Transfer (2.3) 23.8 days
36.5 S_tmp_lc& Prep, (10} . 33.8 days A
ia ———m Ig) A
37.‘; Jé w : f
av - fﬂ f
6.5 A;EE \\ ff
36 tal
35.5
Q 10 20 30
Time (Days)
O Supernate + . Salt
Case 15 One Slurry Pump with 75C IW
Case 15:One Slurry Pump with 75C [W
2 — Batch { - (Individual) & Cummutative Time
Inhib*Weter (8.8) 8.8idays
Digsplution (4.3) 13.1 days
al— thmMimg('I) 20.1 days jmsﬂtw
Jet Teansfes (2.3} 22:4 days- ] iy
Sample & Prep. (10) . 324 days
<0 l ety
el L
ENiri s
as o - &
A ke f
ag #u i? ] ‘ﬂef’
37 L‘-Aﬁf? f
‘;?
a6 f—f(
35
o 4 8 2 6 20 24 28 az
Time (Days)

0O  Supernate

+

Salt
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Appendix 2
Dissolution Calculations

Dissoiution | Dis. Rate Dissotution | Dissolution Time | Total Process
Dissolution Method Rate (gpm) | used (gpm) | Time (days) (% of Total) Time (months)
I. No Agitation (25°C) 1.18 - 2.47 1.83 117 54 7.0
2. MDG (25°Q) 1.25-584 3.55 74 46 53
3. MDG (50°C) 1.78 -8.32 5.05 60 4] 4.9
4. MDG (75°C) 2.33-10.80 6.56 53 37 4.6
5.  One Flygt Mixer {25°C) 20-40 3.0 82 46 59
6. Two Flygt Mixers (25°C) 28-57 4.2 67 41 . 54
7. One Flygt Mixer (50°C) 2.8-58 4.3 66 40 5.4
8. One Slurry Pump (25°C) 36-70 5.0 61 38 52
9. Three Flygt Mixers (25°C) 35-69 52 59 38 5.1
10. One Flygt mixer (75°C) 37-74 56 57 37 51
11. Two Flygt Mixers (50°C) 4.0-8.0 6.1 55 36 5.0
12. One Slurry Pump (50°C) 43-99 7.1 51 34 4.9
i3. Three Flygt Mixers (50°C) 49-98 74 50 34 4.8
14. Two Flygt Mixers (75°C) 5.3-105 8.6 47 33 4.7
15. One Slurry Pump (75°C) 56-13.0 9.3 46 32 4.7
16. Three Flygt Mixers (75°C) 64-129 10.6 43 31 4.6
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 1) Molecular Diffusion with 25C Inhibited Water
Water to salt dissclution ratio = 24 to 1 % total time
Molecular Diffusion with 25C IW; 7.03 months total 100%
1.83 ppm dissol. rate; dissol. and contingency = 116.8 days 54%
2) initial salt cake level (average of 262" & 277") ——————-=—=-~——-- 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank —-—-—----—-——--— 8000 gallons per batch
inhibited water pumping to TK 37 (80 to 120 gpm) ———--—-~——-——~—— 160 gpm ; IWp=1.33 hrs
total time of 1 batch IW addition to TK 37 = [Wt ~==———————ncccoo 12 hrs
IW addition -- 1 batch per 12 hr shift & 2 batches per day
total IW add hr needed/net pumping hr = IWt/IWp = 12/1.33 ———--~- 9
equiv. continuous IW addition rate= IWt/IWp = 100 gpm/9 ---- 11.11 gpm
batch water add hrs= (40in*3510gal/in)/(11.11gpm*60min/hr)= 210.6 hrs = 8,8 days
c) jet transfer TK 37->TK 30 and or TK 26 60 gpm

used here low high |Horizontal plane dissol. lab test
d) salt dissolution rate (gpm) 1.83 1.18 2.47 11.18 and diffusion calc. value

|_total time (months) 7.03 8.63 6.27 12.47 were shown as low & high
Molecular Diffusion with 25C IW: Step Hours
Decant | salt cake water salt total liq or | crystallized total  |Inhib'Water 0.0
; 5 mg .|+ dissolv, | existing | dissolved supernate salt cake content |Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 |Contingency 0.0
gallons 1030278 | 202399 84333 286732 945945 | 1232010 |Jet Transfer 77.7
% 83.6% 16.4% 6.8% 23.3% 76.8%} 100.0%Sampl&Prep.  240.0
net hours 0.0 0.0 77.7 transfer Jbatch total (days) 13.2
Batch #1 | starting water salt total crystallized total  |Inhib'Water 210.6
L level added | dissolved | supernate | saltcake | content |Dissolution 532.8
depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 |Contingency 168.0
gallons 952965 | 140400 58500 205920 894465 | 1100385 |Jet Transfer 55.3
%o 86.6% 12.8%  5.3% 18.7% 81.3%| 100.0%|Sampl&Prep. 240.0
net hours 210.6 532.8 55.3 transfer batch total (days) 50.3
Batch #2 | starting water salt total crystallized total  |Inhib’'Water 210.6
e level added | dissolved | supernate | salt cake content |Dissolution 532.8
depth {in) 256.83 40.0 16.67 58.67 240.17 298.8 |Contingency 168.0
gallons 901485 | 140400 58500 205920 842985 | 1048905 |(Iet Transfer 55.3
% 85.9% 13.4% 5.6% 19.6% 80.4%; 100.0%|Sampl&Prep.  240.0
net hours 210.6 532.8 55.3 transfer batch total (days) 50.3
Batch #3 starting water salt total crystallized total Inhib'Water 210.6
level added | dissolved | supernate salt cake content  [Dissolution 532.8
depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 |Contingency 168.0
gallons 850005 140400 58500 205920 791505 | 997425 |Jet Transfer 353
% 85.2% 14.1% 5.9% 20.6% 79.4%| 100.0%|Sampl&Prep.  240.0
net hours 210.6 532.8 55.3 transfer batch total (days) 50.3
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Step Hours

starting water salt total crystallized | total |[Inhib'Water  210.6

level added | dissolved | supemate salt cake content {Dissolution 532.8
depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 |Contingency ~ 168.0
gallons 798525 | 140400 SR500 205920 740025 | 945945 |let Transfer 55.3
% 84.4% 14.8% 6.2% 21.8% 78.2%| 100.0%|Sampl&Prep.  240.0

net hours ‘ 210.6 532.8 55.3 transfer batch total (days) 50.3

(Case 1) Molecular Diffusion with 25C Inhibited Water

Tank Level at the End of Batch 4 = 210.8 +2= 212.8 " TK Lvl
Salt Cake Level Reduced = 269.5 -210.8 = 58.7 "TKLvl
Total Inhibited Water Used= 561600 gallons = 160.0 " TK Lvl
dissolution & transdfer time (a) 21311 hys = 88.8 days
additional contingency time (b) 672.0 hrs 28.0 days
total dissolution, transf & contingency (a+b) = I 116.8 days
inhibited water addition = 842.4 hrs = 35.1 days
initial TK decant transfer time = 298.7 hrs = 12.4 days
test sample & preparation= 1200.0 hrs = 50.0 days
total time = 5144.2 hrs = 214.3 days
or | 7.0 months

After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,

Taok 37 salt level of

212.8 inch will pass the project scope tank level of 227 inches.

Batch #5 is shown below even though it is not required to meet the original project scope level
of 227 inches. The Tank 37 level after Batch 5 will be

{98.2 inches if Batch 5 is processed.

Step Hours
starting water salt tatal crystallized total |Inhib'Water 210.6
level added | dissolved | supernate salt cake content |Dissolution 532.8
depth (in) 212.83 40.0 16.67 58.67 196.17 254.8 |Contingency 168.0
gallons 747045 140400 58500 205920 688545 894465 |Jet Transfer 55.3
%o 83.5% 157% 6.5% 23.0% 77.0%| 100.0%|Sampl&Prep.  240.0 |
net hours 210.6 532.8 55.3 transfer batch total (days) 50.3
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 2) Modified Density Gradient with 25C Inhibited Water
Water to salt dissolution ratio = 24 to I % total time
Modified Density Gradient with 25C TW: . 5.32 months total 100%
3.55 gpm dissol. rate; dissol. and contingency = 73.8 days 46%
a) initial salt cake level (average of 262" & 277%) - —~———————mm v 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank ——-=----+mncmmx 8000 gallons per batch
inhibited water pumping to TK 37 (80 to 120 gpm) ——-----—--—-—— 100 gpm ; IWp=1.33 hrs
total time of 1 batch IW addition to TK 37 = [W¢ ~=m-mmomcmmmmmeme 12 hrs
IW addition ~--~mcoeee 1 batch per 12 hr shift & 2 batches per day
total IW add hr needed/net pumping hr = IWt/IWp = 12/1.33 =---——- 9
equiv. continuous [W addition rate= IWt/IWp = 100 gpm/9 -~~~ 1.1l gpm
batch water add hrs= (40in*3510gal/in)/(11.1 lgpm*60min/hr)= 210.6 hrs = 8.8 days
c) jet transfer TK 37->TK 30 (Existing Decant Before Batch) 60 gpm (not Batch Case)
d) salt dissolution rate (gpm) 3.55 1.25 5.84 | Avg of 25% slurry pump rate
transfer to TK 26 (gpm) 12.05 4,25 19.86 | and 1979 TK 10 data gives
total time (months) ‘ 5.32 8.08 4.73 | (5*0.25+5.84)/2 = 3.55 gpm
Modified Density Gradient with 25C [W: Step Hours
Decant [ salt cake water salt total liq or | crystallized total  |Inhib'Water 0.0
Existing |+ dissolv. existing | dissolved | supernate salt cake content |Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 [Contingency 0.0
gallons 1030278 | 202399 84333 286732 945945 + 1232010 |Jet Transfer 77.7
% 83.6%  16.4% 6.8% 23.3% 76.8%] 100.0%|Sampl&Prep.  240.0
net hours 0.0 0.0 77.7 transfer batch tota] {days) 13.2
Batch #1 _?tarting water salt total crystallized total  |Inhib'Water 210.6
level added | dissolved | supernate | salt cake content |Disso+Tmsf  275.0
depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 |Contingency ~ 168.0
gallons 952965 | 140400 58500 205920 894465 | 1100385
%o 86.6% 12.8% 5.3% 18.7% 81.3%| -100.0%[Sampl&Prep. . 240.0
net hours 210.6 2750 275.0 transfer batch total (days) 37.2
B 2 [ starting | water salt total [ crystallized | total |Inhib'Water.  210.6
o level added | dissolved | supernate | salt cake contént |Disso+Tmsf  275.0
depth (in) 236.83 40.0 16.67 . 58.67 240.17 298.8 |Contingency 168.0
gallons 901485 | 140400 58500 | - 205920 842985 § 1048905
% 85.9% 13.4% 56% 19.6% - 80.4%( 100.0%|Sampl&Prep. 240.0
net hours 210.6 275.0 275.0 transfer batch total (days) 37.2
Batch #3 starting water salt total crystallized total  |Inhib'Water 210.6
level added | dissolved | supernate | salt cake content |Disso+Tensf  275.0
depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 |Contingency  168.0
gallons 850005 140400 58500 205920 791505 997425
% 85.2% 14.1% 59% "20.6% 79.4% 100.0%|Sampl&Prep.  240.0
net hours : 210.6 275.0 275.0 transfer batch total (days) 37.2
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Step Hours
Batch #i4 | starting | water salt total | crystallized | total |Inhib'Water  210.6
. level added | dissolved | supernate | salt cake content |Disso+Tinsf  275.0
depth (in) 227.50 40.0 16.67| = 58.67 210.83 269.5 Contingency 168.0
gallons 798525 140400 58500 205920 740025 945945
% 84.4% 14.8% 6.2% 21.8% 78.2%| 100.0%|Sampl&Prep.  240.0
net hours 210.6 275.0 275.0 transfer batch total (days) 37.2
(Case 2) Modified Density Gradient with 25C Inhibited Water
Tank Level at the End of Batch 4 = 210.8 +2= 212.8 " TK Lvl
Salt Cake Level Reduced = 269.5 -210.8 = 58.7 “TK Lvl
Total Inhibited Water Used= 561600 gallons = 160.0 " TK Lvi
dissolution & transdfer time (a) [100.1 hrs = 45.8 days
additional contingency time (b) 672.0 hrs ‘ 28.0 days
total dissolution, transf & contingency (a+b) = | 73.8 days
inhibited water addition = 842.4 hrs = 35.1 days
initial TK decant transfer time = 71.7 hrs = 3.2 days
test sample & preparation= [200.0 hrs = 50.0 days
total time = 3892.2 hrs = 162.2 days
or I 5.3 .months
After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,
Tank 37 salt level of 212.8 inch will pass the project scope tank level of 227 inches.
Batch #5 is shown below even though it is not required to meet the original project scope level
of 227 inches. The Tank 37 level after Batch § will be © 198.2 inches if Batch § is processed.
: Step Hours
Batch #5 | starting water salt total crystallized | total |[inhib'Water  210.6
e level added | dissolved | supernate | salt cake | content |Disso+Trnsf  275.0
depth (in) 212.83 40.0 16.67 58.67 196.17 254.8 {Contingency 168.0
gallons 747045 140400 58500 205920 688545 894465
Y 835% 15.7% 6.5% 23.0% 77.0% 100.0 %|Sampl&Prep.  240.0
net hours ) 210.6 275.0 275.0 traosfer batch total (days) 37.2
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 3) Modified Density Gradient with S0C [nhibited Water
Water to salt dissolution ratio =

24 to 1 % total time
Modified Density Gradient with S0C [W- 4.87 months total 100 %
5.05 gpm dissol. rate; disso!. and contingency = 60.2 days 41%

a) tnitial salt cake level (average of 262" & 277") ~—————==—mm 269.50 inch

b) inhibited water batch = ~80% of 10 Kgal tank
inhibited water pumping to TK 37 (80 to 120 gpnt)

total

total time of | batch [W addition to T
IW addition
total IW add hr needed/net pumping hr = IWt/[Wp = 12/1.33

[ batch per 12 br shift &

“equiv. continuous [W addition rate= IWt/IWp = 100 gpm/9 —---
batch water add hrs= (40in*3510gal/in)/(11.11gpm*60min/hr)=
¢) jet transfer TK 37->TK 30 {Existing Decant Before Batch)

8000 gallons per batch
100 gpm ; [Wp=1.33 hrs

12 .

2 batches per day

9
11.11

210.6 hrs = 8.8 days

hrs

gpm

60 gpm (not Batch Case)

d) salt dissolution rate (gpm) - 5.05 1.78 8.32 | Avg of 25% slurry pump rate,
transfer to TK 26 (gpm) 17.17 6.05 28.29 |& TKIO test with 1.7% rise/°C
total titne (months) 4.87 6.81 4.45 | (7.1*0.25+8.32)/2 = 5.05 gpm

Modified Density Gradient with 50C IW: Step Hours

Decant | salt cake water salt total liq or | crystallized total  |Inhib'Water 0.0

Ekist_i'r}g + dissolv. existing | dissolved | supernate salt cake content |Dissolution 0.0

depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 |Contingency 0.0

gallons 1030278 | 202399 84333 286732 945945 | 1232010 (Jet Transfer 71.7

% 83.6% 16.4% 6.8% 23.3% 76.8% 100.0%|Sampl&Prep.  240.0

net hours 0.0 0.0 77.7 transfer batch total (days) 13.2

Batch #1 | starting water salt total crystallized | total [Inhib'Water  210.6

level added | dissolved | supernate salt cake content |Disso+Trosf 193.1

depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 |Contingency 168.0
gallons 952965 | 140400 58500 205920 894465 | 1100385

% £6.6% 12.8% 5.3% 18.7% 81.3%| 100.0%|Sampl&Prep.  240.0

net hours 210.6 193.1 193.1 transfer batch total (days) 33.8

B starting | water salt total crystallized total  |Inhib'Water 210.6

level added | dissolved | supernate | salt cake content |Disso+Tmsf 193.1

depth (in) 256.83 | 40.0 16.67 58.67 240.17 298.8 |Contingency 168.0
gallons 901485 | 140400 58500 205920 842985 | 1048905

% 85.9% 13.4% 3.6% 19.6% 80.4% 100.0%|Sampl&Prep. 240.0

net hours 210.6 193.1 193.1- transfer batch total (days) 33.8

Batch #3 starting water salt total crystallized total  {Inhib'Waier 210.6

o level added |dissolved | supernate { salt cake | content |[Disso+Trnsf  193.1

depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 |Contingency  168.0

gallons 850005 140400 58500 205920 791505 997425

% 85.2% 14.1% 5.9% 20.6% 79.4%  100.0%|Sampl&Prep.  240.0

net hours 210.6 193.1 193.1 transfer batch total (days) 33.8

[P%]

[5¢]
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Step * Hours

Batch #4 rstarting water salt total crystallized total [Inhib'Water 210.6
leve] added | dissolved supernate salt cake content |Dissot+Trasf 193.1
depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 |Contingency 168.0
gallons 798525 140400 38500 205920 740025 | 945945

% 84.4% 14.8% 6.2%F 21.8% 78.2%| 100.0%|Sampl&Prep. 240.0
net hours 210.6 193.1 193.1 transfer batch total (days) 33.8

(Case 3) Modified Density Gradient with SOC Inhibited Water

Tank Level at the End of Batch 4 = 210.8 +2= 212.8 " TK Lvl
Salt Cake Level Reduced = 269.5 -210.8 = 58.7 " TK Lvi
Total Inhibited Water Used= 561600 gallons = 160.0 * TK Lvl
dissolution & transdfer time (a) 772.3 hs = 32.2 days
additional contingency time (b) 672.0 hrs 28.0 days
total dissolution, transf & contingency (a+b) = { 60.2 days |
inhibited water addition = 842.4 hrs = 35.1 days
initial TK decant transfer time = 717 hrs = 3.2 days
test sample & preparation= : 1200.0 hrs = 50.0 days
total time = 35644 s = 148.5 days
or I 4.9 months j
After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,
Tank 37 salt level of 212.8 inch will pass the project scope tank level of 227 inches.
Batch #5 is shown below even though it is not required to meet the original project scope level
of 227 inches. The Tank 37 level after Batch 5 will be 198.2 inches if Batch S is processed.
Step Hours
starting water salt total crystallized total  |Inhib'Water 210.6
level added | dissolved | supernate | salt cake content |Disso+Trnsf 193.1
212.83 40.0 16.67 58.67 196.17 254.8 [Contingency 168.0
gallons 747045 140400 28500 205920 688545 894465
%o 83.5% 15.7% 6.5% 23.0% 77.0%| 100.0%|Sampl&Prep. 240.0
|net hours 210.6 193.1 193.1 transfer batch total (days) 33.8
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 4) Modified Density Gradient with 75C Inhibited Water
, Water to salt dissolution ratio = 24 to | % total time
Modified Density Gradient with 75C [W- 4.63 months total 100%
6.56 gpm dissol. rate; dissol. and contingency = 52.8 days 37%

a) mitial salt cake level (average of 262" &,27?") ———————————————— 269.50 inch’

b) inhibited water batch = ~80% of 10 Kgal tank ~-=-------=~-——- 8000 gallons per batch
inhibited water pumping to TK 37 (80 to 120 gpm) -=----~-----——-- 100 gpm ; [Wp=1.33 hrs
total time of | batch IW addition to TK 37 = [W{ ~=--—--=--~ccmmm—- 12 “hrs
IW addition —~—---coe 1 batch per [2 hr shift & 2 batches per day
total IW add hr needed/net pumpmg hr = IWH/IWp = 12/1.33 -~----- 9
equiv. continuous IW addition rate= IWt/[Wp = {00 gpm/9 --—- I{.I1 gpm
batch water add hrs= (40in*3510gal/in)/(1 L.l {gpm*60min/hr)= 210.6 hrs = 8.8 days

c) jet transfer TK 37->TK 30 (Existing Decant Before Batch) 60 gpm (not Batch Case)

d) salt dissolution rate (gpm) 6.56 2.33 10.80 | Avg of 25% slurry pump rate,
transfer to TK 26 (gpm) 22.32 7.91 36.73 |& TKI10 test with 1.7 % rise/°C
total time (months) 4.63 6.11 4.31 | (9.3/4+10.804)/2 = 6.56 gpm

o Modified Density Gradient with 75C [W: Step Hours

Decant | salt cake water salt total liq or | crystallized total  |Inhib'Water 0.0

Existing [+ dissolv. | existing [ dissolved | supernate | saltcake | content |Dissolution 0.0

depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 |Contingency 0.0

gallons 1030278 | 202399 84333 286732 945945 | 1232010 (Jet Transfer 77.7

% 83.6% 16.4% 6.8% 233% 76.8%| 100.0%|Sampl&Prep.  240.0

\net hours 0.0 0.0 77.7 transfer batch total (days) 13.2

Batch #1 | starting [ water salt total | crystallized | total |Inhib'Water  210.6

level added | dissolved | supernate {- salt cake content |Disso+Tmsf 148.5

depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 [Contingency  168.0

gallons 952965 | 140400 58500 205920 894465 | 1100385

% 86.6% 12.8% 53% 18.7% 81.3% 100.0%|Sampl&Prep. 240.0

net hours 210.6 148.5 148.5 transfer batch total (days) 32.0

Batch #2 | starting water salt total crystallized total {Inhib'Water - 210.6

: level added | dissolved { supernate | salt cake content |Disso+Trnsf ~ 148.5

depth (in) 256,83 -40.0 16.67 58.67 240.17 298.8 |Contingency 168.0
gallons 901485 | 140400 58500 205920 842985 | 1048905 '

% 85.9% 13.4% 5.6% 19.6%| . 80.4%| 100.0%|Sampl&Prep. 240.0

net hours 210.6 148.5 148.5 transfer batch total (days) 32.0

Batch #3 starting water salt total crystallized total  [Inhib'Water 210.6

leve] added | dissolved | supernate | salt cake | content |Disso+Trnsf 148.5

depth (in) 242,17 40.0 16.67 58.67 22550 | - 284.21 Contingency ~ 168.0

gallons 850005 140400 58500 205920 791505 997425
% 85.2% 14.1% 59% 20.6% 79.4%  100.0%|Sampl&Prep. 240.0
inet hours 210.6 148.5 148.5 transfer batch total (days) 32.0
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. Step Hours
starting water salt total crystallized total  [Inhib'Water 210.6
: level added | dissolved | supernate | salt cake conteat [Disso+Tmsf 148.5
depth (in) 227.50 40.0] - 16.67 58.67 210.83 269.5 |Contingency 168.0
gallons 798525 140400 58500 205920 740025 045945
% 84.4% 14.8% 6.2% 21.8% 78.2%| 100.0%|Sampl&Prep. 240.0
\net hours 210.6 148.5 148.5 transfer batch total (days) 32.0
(Case 4) Modified Density Gradient with 75C Inhibited Water
Tank Level at the End of Baich ¢4 = 210.8 +2= 212.8 * TK Lvl
Salt Cake Level Reduced = 269.5 -210.8 = 58.7 " TK Lvi
Total Inhibited Water Used= 561600 gallons = 160.0 " TK Lvl
dissolution & transdfer time (a) 594.1 hrs = 24.8 days
additional contingency time (b) 672.0 hrs 28.0 days
total dissolution, transf & contingency (a+b) = L 52.8 days
inhibited water addition = 842.4 hrs = 35.1 days
initial TK decant transfer time = 77.7 his = 3.2 days
test sample & preparation= 1200.0 hrs = 50.0 days
total time = 3386.2 hrs = 141.1 days
or | 4.6 months |
After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,
Tank 37 salt level of ~ 212.8 inch will pass the project scope tank level of 227 inches.
Batch #5 is shown below even though it is not required to meet the original project scope level
of 227 inches. The Tank 37 level after Batch § will be 198.2 inches if Batch 5 is processed.
Step Hours
starting water salt total crystallized total  |Inhib'Water 210.6
level added | dissolved | supernate | saltcake | content |Disso+Tmnsf  148.5
212.83 40.0 16.67 58.67 196.17 254.8 |Contingency 168.C0
747045 | 140400 58500 205920 OB8545 | 894465
83.5% 15.7% 6.5% 23.0% 77.0%|  100.0%|Samp!&Prep.  240.0
net hours 210.6 148.5 148.5 transfer batch total (days) 32.0
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 5) One Flygt Mixer with 25C Inhibited Water
Water to salt dissolution ratio = 24 to 1 % total time
One Flygt Mixer with 25C [W- 5.89 months total 100%
3.00 gpm dissol. rate; dissol. and contingency = 82.2 days 46 %
a) initial salt cake level (average of 262" & 2TT") ——mmm o 269.50 inch
b) inhibited water batch = ~80% of [0 Kgal tapnk ——---—————nc__ 8000 gallons per batch
inhibited water pumping to TK 37 (80 to 120 gpm) —————=-—mmmmme e 100 gpm ; IWp=1.33 hrs
total time of 1 batch IW addition to TK 37 = [Wt ~—-—m-—-=em e 12 hrs
IW addition ~—-—————— . _____ I batch per 12 br shift & 2 batches per day
total IW add hr needed/net pumping hr = IWUIWp = 12/1.33 ———-— 9
equiv. continuous IW addition rate= IW¢/IWp = 100 gpm/9 ~-—- 11.11 gpm
batch water add hrs= (40in*3510gal/in)/(11.11gpm*60min/hr)= 210.6 hrs = 8.8 days
c) Jet transfer TK 37->TK 30 and or TK 26 60 gpm
used here low high
d) salt dissolution rate (gpm) 3.00 2.00 4.00
total time (months) 5.89 6.78 5.45
One Flygt Mixer with 25C [W: Step Hours
Decant | salt cake water " salt total lig or | crystallized total  lInhib’Water 0.0
+ dissolv. | existing | dissolved supernate | salt cake content |Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 |Contingency 0.0
gallons 1030278 | 202399 84333 286732 945945 | 1232010 |Jet Transfer 71.1
% 83.6% 16.4% 6.8% 233% 76.8%  100.0%|Sampl&Prep.  240.0
net hours 0.0 0.0 77.7 transfer batch total (days) 13.2
[ starting | water salt total | crystallized [ total |Inhib'Water  210.6
level added | dissolved | supernate | salt cake contenf |Dissolution 325.0
depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 |Contingency 168.0
gallons 952965 | 140400 58500 205920 894465 | 1100385 [Jet Transfer  55.3
% 86.6% 12.8% 5.3% 18.7% 81.3%) 100.0%|Sampl&Prep. 240.0
net hours 210.6 325.0 55.3 transfer batch total (days) 41.6
Batch #2 | starting water salt total crystallized | total  (Inhib’Water  210.6
level edded | dissolved | supermate | salt cake content |Dissclution 325.0
depth (in) 256.83 40.0( . 16.67 58.67 240.17 298.8 |Contingency 168.0
gallons 901485 | 140400 58500 205920 842985 | 1048905 |Jet Transfer 55.3
% 85.9% 13.4% 5.6% 19.6% 80.4%| 100.0%|Sampl&Prep.  240.0
net hours 210.6 325.0 55.3 transfer batch total (days) 41.6
Batch #3 | starting water salt total crystallized total  |Inhib'Water 210.6
- level added | dissolved | supernate | salt cake | content |Dissolution 325.0
depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 |Contingency 168.0
gallons 850005 140400 58500 205920 791505 997425 |Jet Transfer 353
% 85.2% 14.1% 5.9% 20.6% 79.4% 100.0 %|Sampl&Prep.  240.0
net hours 210.6 325.0 55.3 transfer batch total (days) 41.6
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Step Hours
Batch #4 | starting water salt total | crystallized | total [Inhib’Water  210.6
e level added | dissolved | supernate salt cake content [Dissolution 325.0
depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 |Contingency 168.0
gallons 798525 140400 58500 205920 740025 | 945945 |Iet Transfer 553
% 84.4% 14.8% 6.2% 21.8% 78.2% 100.0%|Sampl&Prep. 240.0
net hours 210.6 325.0 55.3 transfer batch total (days) 41.6
(Case 5) One Flysgt Mixer with 25C Inhibited Water
Tank Level at the End of Batch 4 = 2108 +2= 212.8 " TK Lvl
Salt Cake Level Reduced = 269.5  -210.8 = 58.7 " TK Lvl
Total Inhibited Water Used= 561600 gallons = 160.0 " TK Lvl
dissolution & transdfer time (a) 1300.0 hrs = 54.2 days
additional contingency time (b) 672.0 hrs 28.0 days
total dissolution, transf & contingency (a+b) = r 82.2 days j
inhibited water addition = 842.4 his= 35.1 days
initial TK decant transfer time = 298.7 hrs = 12.4 days
test sample & preparation= 1200.0 hrs = 50.0 days
total time = 4313.1 hrs = 179.7 days
or l: 5.9 months j

After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,

Tank 37 salt level of

212.8 inch will pass the project scope tank level of 227 inches.

Batch #3 is shown below even though it is not required to meet the original project scope level
of 227 inches. The Tank 37 level after Batch 5 will be

198.2 inches if Batch 5 is processed.

: Step Hours

Batch #5 starting water salt total crystallized total  {Inhib'Water 210.6
S level added | dissolved | supernate | saltcake | content [Dissolution 325.0

depth {in) 212.83 40.0 16.67 58.67 196.17 254.8 |Contingency 168.0
gallons 747045 140400 58500 205920 688545 894465 |Jet Transfer 55.3
%o 83.5%| - I15.7% 6.5% 23.0% T1.0% 100.0%|Sampi&Prep.  240.0
net hours 210.6 325.0 55.3 transfer batch total (days) 41.6
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(Case 6) Two Flygt Mixers with 25C Ambient Inhibited Water .
l_\ Water to salt dissolution ratio = 24 to 1 % total time
' 2 Flygt Mixers with 25C Ambient TW: 5.4 months total 100%
4.2 gpm dissolution rate; dissolution & mixing = 66.7 days 41%
2) initial salt cake level (average of 262" & 277%) = 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank = BOOO gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
_net pumping time of one batch IW to TK 37 = [Wp = 1.3 hrs
number of IW batches per 12 hr-shift = I batch per shift
number of IW batches per day = 2 batches per day
total time of 1 batch IW addition to TK 37 = [Wt = 12 hrs
total IW time needed/net pumping time = [Wt/IWp = 9
¢) salt dissolution rate = 4.2 gpm
d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
(60 to 100 gpm)
2 Elygt Mixers with 25C Ambient IW: Step Hours
Decant | salt cake water salt total liq or | crystallized total  |Inhib'Water 0.0 ]
dissolv. [ existing | dissolved | supernate | salt cake content |Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 265.50 351.0 |ExtraMixing 0.0
gallons 1030278 | 202399 84333 286732 945945 | 1232010 YJet Transfer 71.7
% 83.6% 16.4% 6.8% 23.3% 76.8%| 100.0%|Sampl&Prep. 240.0
net hours 0.0 0.0 77.7 transfer batch total (days) 3.2
Batch #1 starting water saft " total crystallized total  |Inhib'Water 210.6
level added | dissolved | supernate | saltcake .| content |Dissolution 232.1
depth (in) ~ 271.50 40.0 16.67 58.67 254.83 313.5 |ExtraMixing  168.0
galtons 952965 | 140400 58500 205920 894465 | 1100385 {Jet Transfer 55.3
% 86.6% 12.8% 5.3% 18.7% ~ 81.3% 100.0%|Sampl&Prep. ° 240.0
net bours 210.6 232.1 55.3 transfer | batch total (days) 37.7
Batch #2 [ starting water salt total crystallized total |Iphib’'Water  210.6
level added | dissolved | supernate { saltcake | content |Dissolution 232.1
depth (in) 256.83 4.0 16.67 58.67 240,17 208.8 |ExtraMixing ' 168.0
gallons 901485 | 140400 | 58500 | 205920 842985 | 1048905 |Jet Transfer ~ 55.3
% B85.9% 13.4% 5.6% 19.6% 80.4%| 100.0%|Sampl&Prep. 240.0
net hours ' 210.6 232.1 55.3 transfer batch total {days) 37.7) ‘
starting water salt total crystallized total {Inhib*Water 210.6
level added | dissolved | supernate | salt cake | content |Dissolution 232.1
depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 |ExtraMixing  168.0
gallons 850005 | 140400 58500 205920 791505 | 997425 (Jet Transfer 55.3
% 85.2%| 14.1% 5.9% 20.6% 79.4%| 100.0%|Sampi&Prep. 240.0
net hours 210.6 232.1 55.3 transfer batch total (days) 311




Step Hours
_Batch 4 starting water salt total crystallized total |Iohib'Water 210.6
% - level added | dissolved | supernate salt cake content |Dissolution 232.1
depth (in) 227,50 40.0 16.67 58.67 210.83 269.5 |ExtraMixing 168.0
gallons 798525 140400 58500 205920 740025 | 945945 |Jet Transfer 55.3
% 84.4% 14.8% 6.2% 21.8% 78.2%|  100.0%|Sampl&Prep.  240.0
net hours 210.6 232.1 55.3 transfer batch total (days) 37.7
(Case 6) Two Flygt Mixers with 25C Ambient Inhibited Water
Tank Level at the End of Batch 4 = 210.8 +2= 212.8 "TK Lvl
Salt Cake Level Reduced = 269.5 -210.8 = 587 "TKLwvl
Tota! Inhibited Water Used= 561600 gallons = 160.0 " TK Lvl
dissolution with mixer (a) = 928.6 hrs = 38.7 days
extra mixing (b) 672.0 hrs ' 28.0 days
total mixer running time (a+b) = I 66.7 days
inhibited water addition = 842.4 hrs = 35.1 days
jet transfer time = 298.7 hrs = 12.4 days
test sample & preparation= 1200.0 hrs = 50.0 days
total time = 3941.7 hrs = 164.2 days
or| 5.4 months

After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,
Tank 37 salt level of 212.8 inch will pass the project scope tank level of 227 inches.

Batch #5 is shown below even though it is not required to meet the original project scope level
of 227 inches. The Tank 37 level after Batch 5 will be 198.2 inches if Batch § is processed.

Step. Hours
starting water salt total crystallized |- total [Inhib’Water  210.6
level added | dissolved | supernate | salt cake content |Dissolution 232.1
212.83 40.0 16.67 58.67 196.17 254.8 |ExtreMixing  168.0
747045 | 140400 [ 58500 | 205920 688545 | 894465 |Jet Transfer 55.3
83.5% 15.7% 6.5% 23.0% 77.0%|  100.0%|Sampl&Prep.  240.0
210.6 232.1 55.3 transfer batch total (days) 37.7
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 7) One Flygt Mixer with 50C Heated Inhibited Water ]
Water to salt dissolution ratio = 2.4 to 1 % total time
I Flygt Mixer with S0C Heated ITW: $.4 months total 100%
4.3 gpm dissolution rate; dissolution & mixing = 65.8 days 409
a) initial salt cake level (average of 262" & 277") = 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank = 8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
net pumping time of one batch IW to TK 37 = [Wp = 1.3 hrs
number of [W batches per 12 hr-shift = 1 ‘baich per shift
number of IW baiches per day = 2 batches per day
total time of 1 batch IW addition to TK 37 = [Wt = 12 hrs
total [W time needed/net puraping time = IWt/IWp = 9
¢} salt dissolution rate = 4.3 gpm
d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
(60 to 100 gpm)
[ Flygt Mixer with 50C Heated [W: Step Hours
salt cake water salt total lig or | crystallized total  [Inhib'Water 0.0
; +.dissolv. | existing | dissolved | supernate salt cake content |Dissolution 0.0
depth (in) 293.53 57.66 [ 24.03 81.69 269.50 |  351.0 |ExtraMixing 0.0
gallons 1030278 | 202399 84333 286732 945945 | 1232010 |Jet Transfer 71.7
, % §3.6% 16.4% 6.8% 23.3% 76.8% 100.0%|Sampl&Prep.  240.0
net hours 0.0 0.0 77.7 transfer batch total (days) 13.2
Batch #] | starting water salt total crystallized | total |[Inhib'Water  210.6
level added | dissolved | supernate | saltcake | content {Dissolution 226.7
depth (in) 271.50 -40.0 16.67 58.67 254.83 313.5 |ExtraMixing  168.0
gallons 952965 | 140400 58500 205920 894465 | 1100385 (Jet Transfer 55.3
% 86.6% 12.8% 53% 18.7% 81.3% 100.0%Sampl&Prep. 240.0
net hours 210.6 226.7 55.3 transfer batch total (days) 37.5
Batch #2 | starting | water salt total crystallized | total [Inhib'Water =~ 210.6
level .added | dissolved | supernate | salt cake content. |Dissolution 226.7
depth (in) 256.83 40.01 16.67 58.67 240.17|  298.8 |ExtraMixing  168.0
gallons 901485 | 140400 58500 205920 842085 | 1048905 |Jet Transfer 55.3
% 85.9% 13.4% 5.6% 19.6% 80.4%| 100.0%|Sampl&Prep.  240.0
net hours 210.6  226.7 55.3 transfer batch total (days) 37.5
Batch #3 starting water salt total crystallized total  Inhib'Water 210.6
level added ) dissolved | supernate | saltcake | content |Dissolution 226.7
depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 |ExtraMixing  168.0
gallons 850005 | 140400 58500 205920 791505 | 997425 {Jet Transfer 55.3
% 85.2% 14.1% 5.9% 20.6% 79.4%|  100.0%|Sampl&Prep.  240.0
net hours 210.6 226.7 5§5.3 transfer batch total (days) 37.5
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, Step - Hours
atch #4 starting water salt total crystallized total  |Inhib'Water 210.6
level ‘added | dissolved | supernate | salt cake content |Dissolution 226.7
depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 |ExtraMixing  168.0
gallons 798525 1 140400 58500 205920 | 740025 1 945945 |Jet Transfer 55.3
%o 84.4% 14.8% 6.2% 21.8% 78.2% 100.0%|Sampl&Prep.  240.0
net bours 210.6 226.7 55.3 transfer batch total (days) 37.5
(Case 7) One Flygt Mixer with 50C Heated Inhibited Water
Tank Level at the End of Batch 4 = 210.8 +2= 212.8 " TK Lvl
Salt Cake Level Reduced = 269.5 -210.8 = 58.7 "TKLvl .,
Total Inhibited Water Used= 561600 gallons = 160.0 " TK Lv|
dissolution with mixer (a) = 907.0 hss = 37.8 days
extra mixing (b) 672.0 hrs 28.0 days
total mixer running time (a+b) = [ 65.8 days
inhibited water addition = 842.4 hrs = 35.1 days
Jet transfer time = | 298.7 hrs = 12,4 days
test sample & preparation= ‘ 1200.0 hrs = 50.0 days
total time = : 3920.1 hrs = 163.3 days
' “or | 5.4 months i
After the existing supernate transfer to TK 30 and the above four-batch transfer to TK 26,
Tank 37 salt level of 212.8 inch will pass the project scope tank level of 227 inches.
Batch #5 is shown below even though it is not required to meet the oﬁginal project scope level
of 227 inches. The Tank 37 level after Batch 5 will be 198.2 inches if Batch § is processed.
Step Hours
atch starting water salt total crystallized total {Inhib"Water 210.6
level added | dissolved | supernate | salt cake content |Dissolution 226.7
depth (in) 212.83 40.0 16.67 58.67 196.17 254.8 |ExtraMixing  168.0
gallons 747045 1 140400 58500 205920 688545 | 894465 |Jet Transfer 55.3
% 83.5% 15.7% 6.5% 23.0% 77.0%| 100.0%|Sampl&Prep. 240.0
net hours 210.6 226.7 55.3 transfer batch total (days) 37.5
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 8) One Slurry Pump with 25C Ambient Inhibited Water .
Water to salt dissolution ratio = 24 to 1 % total time
1 Sluery Pump with 25C Ambient IW: 5.2 months total 100%
5 _gbm dissolution rate; dissolution & mixing = 60.5 days 38.3%
a) initial salt cake level (average of 262" & 277" = 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank = 8000 galions
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
net pumping time of one batch IW to TK 37 = IWp = [.3 hrs
number of IW batches per 12 hr-shift = | .batch per shift
number of [W batches per day = 2 batches per day
total time of 1 batch IW addition to TK 37 = [Wt = 12 hrs
total [W time needed/net pumping time = [Wt/[Wp = 9
¢) salt dissolution rate = 5 gpm
d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
(60 to 100 gpm)
1 Slurry Pump with 25C Ambient IW: _ Step Hours
Decant | salt cake water salt total liq or | crystallized total  jIohib'Water 0.0
+ dissolv. | existing | dissolved supernate | salt cake content |Dissolution - 0.0
depth (in) 293.53 57.66 {  24.03 81.69 269.50 351.0 |ExtraMixing 0.0
gallons 1030278 | 202399 84333 286732 945945 | 1232010 |Jet Transfer 77.7
% 83.6% 16.4% 6.8% 23.3% 76.8%  100.0%|Sampl&Prep.  240.0
net hours 0.0 0.0 71.7 transfer batch total (days) 13.2
starting water salt total crystallized | total {Inhib'Water 210.6
level added | dissolved | supernate | salt cake content [Dissolution 195.0
depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 |ExtraMixing ~ 168.0
gallons 952965 | 140400 58500 205920 894465 | 1100385 |Jet Transfer 553
% 86.6% 128%. 5.3% 18.7% 81.3%| 100.0%|Sampl&Prep. 240.0
net hours 210.6 195.0 55.3 transfer batch total (days) 36.2
Batch #2 [ starting water salt total crystallized | total |Inhib'Water  210.6
level added | dissolved | supernate | salt cake content. |Dissolution .. 195.0
depth (in) 256.83 40.0 16.67 58.67 240.17 298.8 |ExtraMixing  168.0
gallons 901485 | 140400 58500 205920 842985 | 1048905 |Jet Transfer 35.3
% 85.9% [3.4% 5.6% 19.6% 80.4%| 100.0%|Sampl&Prep. 240.0
net hours 2106 " 195.0 35.3 transfer batch total (days) 36.2
starting water - salt total crystallized | total Lﬂnb"v‘:’mcr 210.6
level added | dissolved | supernate | salt cake content [Dissolution 195.0
242,17 40.0 16.67 58.67 225.50 284.2 |ExtraMixing  168.0
850005 | 140400 58500 205920 791505 | 997425 |Jet Transfer 55.3
85.2% 14.1% 5.9% 20.6% 79.4%  100.0%|Sampl&Prep.  240.0
net hours 210.6 195.0 55.3 transfer batch total (days) 36.2
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Step Hours

water salt total crystallized total  |Inhib'Water 210.6
added | dissolved | supernate | salt cake | content |Dissolution 195.0

40.0 16.67 58.67 210.83 269.5 |ExtraMixing  168.0
140400 58500 205920 740025 | 945945 |Jet Transfer 55.3

14.8% 8.2% 21.8% 78.2%! 100.0%|Sampl&Prep, 240.0
net bours 210.6 195.0 55.3 transfer batch total (days) 36.2
({CTaca BY Mine Qe Digmam sitds V800 A saliiamt Tohilitad Yatan
LAedob O VG MIUITY £UMp WILH 230 AIMMOICHL INNIBIEa vy &€l
Tank Level at the End of Batch 4 = 210.8 +2= 212.8 " TKLvl
Sait Cake Level Reduced = 269.5 -210.8 = 58.7 " TK Lvl
Total Inhibited Water Used= 561600 gallons = 160.0 * TK Lvl
dissolution with pump (a) = 780.0 hrs = 32.5 days
extra pump rn mixing (b) = 672.0 hrs 28.0 days
total pump run mixing time (a+b) = { 60.5 days J
inhibited water addition = 842.4 hrs = 35.1 days
jet transfer time = 298.7 hrs = 12.4 days
test sample & preparation= 1200.0 hrs = 50.0 days
total time = ' 3793.1 hrs = 158.0 days
or | 52 months |

After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,
Tank 37 salt level of 212.8 inch will pass the project scope tank level of 227 inches.

Batch #5 is shown below even though it is not required to meet the original project scope [evel
of 227 inches. The Tank 37 level efter Batch 5 will be 198.2 inches if Batch § is processed.

Step Hours
starting water salt total | crystallized | total |Inhib'Water  210.6
level added | dissolved | supernate | salt cake coutent |Dissolution - 195.0
212,83 40.0 16.67 58.67 196.17 254.8 |ExtraMixing  168.0
T4T045 | 140400 58500 205920 688545 | 894465 |Jet Transfer 55.3
83.5% 15.7% 6.5% 23.0% T71.0%| 100.0%|Sampl&Prep. 240.0 ]
210.6 195.0 55.3 transfer batch total (days) 36.2
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 9) Three Flygt Mixers with 25C Ambient Temperature Inhibited Water
Water to salt dissolution ratio = ' 24 0 1 % total time
3 Flygt Mixers with 25C Ambient [W: 5.1 months total 100%
5.2 gpm dissolution rate; dissolution & mixing = 59.3 days 37.8%
2) initial salt cake level (average of 262" & 277*) = 269.50 inch
b) inhibited water baich = ~80% of 10 Kgal tank = 8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
et pumping time of one batch W to TK 37 = IWp = 1.3: hrs
oumber of [W batches per 12 hr-shift = 1 batch per shift
number of IW batches per day = 2 batches per day
total time of 1 batch IW addition to TK 37 = [Wt = 12 hrs
total IW time needed/net pumping time = [Wt/IWp = 9
c) salt dissolution rate = 5.2 gpm
d} jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
(60 to 100 gpm)
3 Flygt Mixers with 25C Ambient [W: ' Step Hours
salt cake water salt total liq or | crystallized total  {Inhib'Water 0.0
g |+ dissolv. | existing | dissolved | supernate | salt cake content |Dissolution 0.0
293.53 57.66 24,03 81.69 269.50 351.0 |ExtraMixing 0.0
1030278 | 202399 84333 286732 945945 | 1232010 |Jet Transfer 71.7
83.6% 16.4% 6.8% 23.3% 76.8%| 100.0%(Sampl&Prep. 240.0
0.0 0.0 77.7 transfer baich total (days) 13.2
starting water salt total crystallized total  {Inhib’Water 210.6
level added | dissolved | supernate | salt cake content |Dissolution 187.5
depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 |ExtreMixing  168.0
gallons 952965 140400 58500 205920 894465 | 1100385 {Jet Transfer 55.3
% 86.6% 12.8% 53% 18.7% 81.3%| 100.0%|Sampl&Prep. 240.0
net hours 2106 1875 55.3_transfer batch total (days) 35.9
Batch #2 | starting water salt total | crystallized | total [Inhib'Water  210,6
. level added | dissolved | supernate | salt cake content  |Dissclution 187.5
depth (in) 256.83 40.0 16.67 58.67 240,17 298.8 |ExtraMixing  168.0
gallons 901485 | 140400 58500 205920 842985 | 1048905 {Jet Transfer 55.3
% 85.9% 13.4% 5.6% 19.6% 80.4%|  100.0%|Sampl&Prep. 240.0
net hours 210.6 187.5 55.3 ‘transfer batch total (days) 35.9
Batch #3 | starting water salt total crystallized |  total  |Iohib'Water  210.6
level added | dissolved | supernate | salt cake content |Dissolution 187.5
depth (in) 242.17 40.0. 16.67 58.67 225.50 284.2 |ExtraMixing  168.0
gallons 850005 | 140400 | 58500 | 205920 791505 | 997425 |Jet Transfer 55.3
% 85.2% 14.1% 5.9% 20.6% 79.4%| 100.0%|Sampl&Prep.  240.0
net hours 210.6 187.5 55.3 trensfer batch total (days) 35.9

N
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. Step Hours

_Batch g4 [ starting | water salt total | crystallized | total [Inhib'Water  210.6
%M%';’»g o level added | dissolved | supernate | salt cake content |Dissolution 187.5
depth (in) 227.50 40.0 16,67 58.67 210.83 269.5 [ExtraMixing  168.0
gallons 798525 140400 58500 205920 740025 | 945945 |Jet Transfer 55.3
% 84.4% 14.8% 0.2% 21.8% 78.2%| 100.0%|Sampl&Prep.  240.0

oet hours 210.6 187.5 55.3 trapsfer batch total (days) 35.9

(Case 9) Three Flygt Mixers with 25C Ambient Temperature Inhibited Wate

Tank Level at the End of Batch 4 = 210.8 +2= 212.8 " TK Lvi
Salt Cake Level Reduced = 269.5 -210.8 = 58.7 " TK Lvl
Total Inhibited Water Used= 561600 gallons = 160.0 " TK Lvi
dissolution with mixer (a) = 750.0 hrs = 31.3 days
extra mixing (b) 672.0 hrs 28.0 days
total mixer running time (a+b) = L 59.3 days
inhibited water addition = 842.4 hrs = 35.1 days

jet trapsfer time = 298.7 hrs = 12.4 days

test sample & preparation= 1200.0 hrs = 50.0 days
total time = 3763.1 hrs = 156.8 days

or | 5.1 months |

After the existing 'supemate traasfer to TK 30 and the above four baich transfer to TK 26,

Tank 37 galt level of

212.8 inch will pass the project scope tank level of 227 inches.

Batch #5 is shown below even though it is not required to mest the original project scope level
of 227 inches. The Tank 37 level after Batch § will be

198.2 inches if Batch 5 is processed.

A Step Hours

starting | water salt | total crystallized | total [Inhib'Water  210.6

level added | dissolved | supernate | salt cake content |Dissolution 187.5

depth (in) 212.83 40.0 16.67 58.67 196.17 254.8 |ExtraMixing  168.0
gallons 747045 | 140400 58500 205920 688545 | 894465 |Jet Transfer 55.3
% 83.5%  15.7% 6.5% 23.0% 77.0%| 100.0%|Sampl&Prep.  240.0

net hours 210.6 187.5 §5.3 transfer batch total (days) 359

51



WSRC-TR-2001-00277, Rev. 0

TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 10) One Flygt Mixer with 75C Heated Inhibited Water
Water to salt dissolution ratio = 24 to 1 % total time
| 1 Flygt Mixer with 50C Heated IW: 5.1 months total 100%
(I 5.6_gpm dissolution rate; dissolution & mixing = 57.0 days 37%
a) initial salt cake level (average of 262" & 277"} = 269.50 inch
b} inhibited water batch = ~80% of 10 Kgal tank = 8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 130 gpm
nef pumping time of one batch [IW to TK 37 = [Wp = 1.3 brs
- number of IW batches per 12 hr-shift = [ batch per shift
number of IW batches per day = 2 batches per day
total time of 1 bateh TW addition 1o TK 37 = TWt = 12 hrs
total IW time needed/net pumping time = [IWt/IWp = 9
c) salt dissolution rate = 5.6 gpm
d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
(60 to 100 gpm) |
I Elygt Mixer with 50C Heated IW: Step Hours
salt cake water salt total lig or | crystallized | total |Inhib'Water 0.0 |
dissolv. | existing | dissolved | supernate | salt cake content |Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 |[ExtraMixing 0.0
gallons 1030278 { 202399 84333 286732 945945 | 1232010 |Jet Transfer 77.7
% 83.6% 16.4% 6.8% 23.3% 76.8%{ 100.0%|Sampl&Prep. 240.0
net hours 0.0 0.0 77.7 transfer batch total (days) 13.2 |
Batch #1 | starting water salt total * | crystallized | total |Inhib'Water  210.6
level added | dissolved | supernate | saltcake | content |Dissolution 174.1
271.50 40.0 16.67 58.67 254.83 313.5. |ExtraMixing  168.0
952965 | 140400 58500 205920 894465 | 1100385 |Jet Transfer 55.3
86.6% 12.8% 3.3% 18.7% 81.3%| 100.0%|Sampl&Prep. 240.0
210.6 174.1 55.3 transfer batch total (days) 35.3
starting water salt total crystallized | total |Inhib'Water - 210.6
level added | dissolved | supernate | salt cake content |Dissolution 174.1
256.83 40.0 16.67 58.67 240.17 298.8 |ExtraMixing  168.0
901485 | 140400 58500 205920 842985 | 1048905 |Jet Transfer 55.3
85.9% 13.4% 5.6% 19.6% 80.4%] 100.0%|Sampl&Prep. 240.0
210.6 174.1 55.3 transfer batch tota! (days) 35.3
starting | water salt total | crystallized | total |inhib'Water  210.6 |
level added | dissolved | supernate | salt cake content |Dissolution 174.1
depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 |ExtraMixing 168.0
gallons 850005 | 140400 58500 205920 791505 | 997425 |Jet Transfer 55.3
% '85.2% 14.1% SO 20.6% T0.4%] 100.0%|Sampi&Prep.  240.0
net hours 210.6 174.1 55.3 transfer batch total (days) 353
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Step Hours

starting water salt total crystallized total  |Inhib'Water 210.6

level added | dissolved | supernate | salt cake | content |Dissolution 174.1

227.50 40.0 16.67 58.67 210.83 269.5 |ExtraMixing  168.0

TOR525 1 140400 58500 205920 740025 | 945945 Jet Transfer 55.3

84.4% 14.8% 6.2%| 21.8% 78.2% 100.0%|Sampl&Prep.  240.0

net hours 210.6 174.1 55.3 transfer batch total (days) - 353

(Case 10) One Flygt Mixer with 75C Heated Inhibited Water

Tank Level at the End of Batch 4 = 210.8 +2= 212.8 " TK Lvl
Salt Cake Level Reduced = 269.5 -210.8 = 58.7 "TK Lvl
Total Inhibited Water Used= 561600 gallons = 160.0 " TK LvIl
dissolution with mixer (a) = 696.4 hrs = 29.0 days
extra mixing (b) 672.0 hrs 28.0 days
total mixer running time (a+b) = E 57.0 days |
inhibited water addition = 842.4 hrs = 35.1 days

jet transfer time = . 298.7 hrs = 12.4 days

test sample & preparation= 1200.0 hrs = 50.0 days
total time = 3709.5 hrs = 154.6 days

or r 5.1 months

After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,

- Tank 37 salt level of

212.8 inch will pass the project scope tank level of 227 inches.

Batch #5 is shown below even though it is not required to meet the original project scope level
of 227 inches. The Tank 37 level after Batch 5 will be

198.2 inches if Batch 5 is processed.

_ Step Hours
Batch #5 | starting | water salt total crystallized | total |Inhib'Water  210.6
level added | dissolved | supernate | salt cake content |Dissolution 174.1
depth (in) 212,83 40.0 16.67 58,67 196.17 254.8 |ExtraMixing = 168.0
gallons 747045 | 140400 58500 205920 688545 | 894465 |let Transfer 55.3
% 83.5% 15.7% 6.5% 23.0% 77.0% 100.0%|Sampl&Prep.  240.0
net hours 210.6 174.1 55.3 transfer batch total (days) 35.3
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TANK 37H DISSOLUTION CYCLE ANALYSIS.

7. Rev. 0

(Case 11) Two Flygt Mixers with SOC Heated Inhibited Weter
L Water to salt dissolution ratio = 24 to I % total time
2 Flygt Mixers with S0C Heated [W: 5.0 months total 100%
6.1 gpm dissolution rate; dissolution & mixing = 54.6 days 36%
a) initial salt cake level (average of 262" &.277%) = 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank = 8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
net pumping time of one batch IW to TK 37 = [Wp = 1.3 hrs
number-of IW batches per 12 hr-ghift = I baich per shift
number of IW batches per day = 2 batches per day
total time of 1 batch I'W addition to TK 37 = Wt = 12 hrs
total [W time needed/net pumping time = [WtIWp = 9
c) salt dissolution rate = 6.1 gpm
d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
{60 to 100 gpm)
2 Flygt Mixers with 50C Heated IW: Step Hours
Decant | salt cake water salt total liq or | crystallized total  |Inhib'Water 0.0
+ dissolv. | existing | dissolved | supernate | salt cake content |Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 [ExtraMixing 0.0
gallons 1030278 202399 84333 286732 045945 { 1232010 et Transfer 1711
% 83.6% 16.4% 6.8% 23.3% 76.8% 100.0%|Samplé&Prep.  240.0
net hours 0.0 0.0 77.7 transfer batch total (days) 13.2
Batch #1 starting water salt total crystallized total  |Inhib'Water 210.6
level added dlssolvgd_ supernate salt cake content [Dissolution 159.8
depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 |ExtraMixing  168.0
gallons 952965 | 140400 58500 205920 894465 | 1100385 {Jet Transfer -55.3
% 86.6% 12.8%  5.3% 18.7%| = 81.3%| 100.0%|Sampl&Prep. 240.0
net hours S 2106 - 159.8 5583 transfer bateh total (days) 34.7
Batch #2 [ starting | water salt total | crystallized | tolal |iohi'Water  210.6
i level added | dissolved | supernate | saltcake | content |Dissolution = 159.8
depth'(in) 256.83 4001 16.67 58.67 240,17 208.8 |ExtraMixing  168.0
|gallons 901485 | 140400 $8500 205920 842985 | 1048905 |Jet Transfer 55.3
% - 85.9% 13.4% 5.6% 19.6% 80.4%| 100.0%|Sampl&Prep. 240.0
ret hours ‘ . 2106 159.8 §5.3 transfer batch tatal (days) 34.7
starting water salt total crystallized | total {Iohib'Water  210.6
level added | dissolved | supernate | saltcake | content |Dissolution 159.8
242.17 400 1667 58.67 225.50 284.2 |ExtraMixing ~ 168.0
850005 | 140400 | 585001 205920 791505 | 997425 |Jet Transfer 55.3
85.2% 14.1% 5.9% 20.6% 19.4% 100.0 %] Sampl&Prep. 240.0
(et hours 2106 150.8 553 tansfor | bateh total (days) 34.7
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. .Stcp Hougs
starting water salt total ‘crystallized total'  |Inhib'Water 2;0.6
fevel added | dissolved | superaate | saltcake | content |Dissolution 159.8
depth (in) - 227.50 40.0 16.67 58.67 .210.83 269.5 |[ExtraMixing  168.0
gallons 798525 140400 58500 205920 740025 | 945945 (Jet TrgnSfcr 55.3
% 84.4% 14.8% 6.2% 21.8% 78.2%| 100.0%|Sampl&Prep.  240.0
net hours 210.6 159.8 55.3 transfer batch total (days) 34.7
(Case 11) Two Rlygt Mixers with S0C Heated Inhibited Water
Tank Level at the End of Batch 4 = 2108 +2= 212.8 " TKLvl
Salt Cake Level Reduced = 269.5 -210.8 = 58.7 * TK Lvl
Total Inhibited Water Used= 561600 gallons = 160.0 " TK Lvl
dissolution with mixer (a) = 639.3 hrs = 26.6 days
extra mixing (b) 672.0 hrs 28.0 days
total mixer running time (a+b) = [ 54.6 days
inhibited water addition = 842.4 hrs = 35.1 days
Jjet transfer time = . 298.7 frs= 12.4 days
test sample & preparation= 1200.0 bhrs = 50.0 days
total time = 3652.4 hrs = 152.2 days
or | 5.0

months

After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,

Tank 37 salt level of

212.8 inch will pass the project scape tank level of 227 inches.

Batch #5 is shown below even though it is not required to meet the original project scope level
of 227 inches. The Tank-37 level after Batch § will be

198.2 inches if Batch § is processed.

Step Hours -

Batch #5 | starting | water calt total | crystallized | total |Inhib'Water  210.6
level added | dissolved:| supernate | saltcake | content |Dissolution 159.8

depth (in) 212.83 4200 1667 58.67 196.17 | 254.8 |ExtraMixing  168.0
gallons 747045 140400 58500 205920 688545 894465 |Jet Transfer 55.3
% 83.5% 15.7% 6.5% 23.0% 77.0%| 100.0%|Sampl&Prep.  240.0

net hours 210.6 159.8 " §5.3 transfer batch total (days) 34.7
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TANK 37H DISSOLUTION CYCLE ANALYSIS .

[ (Case 12) One Slurry Pump with SOC Heated Inhibited Water
Water to salt dissolution ratio = 24 o 1 |% total time
I Slurry Pump with S0C Heated [W: 4.9 months total 100%
7.1 gpm dissolution rate; dissolution & mixing = 50.9 days 34.3%
2) initial salt cake level (average of 262* & 277 = 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank = 8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
net pumping time of one batch IW to TK 37 = [Wp = 1.3 hrs
number of IW batches per 12 hr—shift = 1 batch per shift
number of IW batches per day = 2 batches per day
total time of 1 batch IW addition to TK 37 = [Wt = 12 hrs
total IW time needed/net pumping time = IWt/IWp = 9
c) salt dissolution rate = 7.1 gpm
d) jet transfer rate from TK 3710 TK 30 or TK 26 = 60 gpm
(60 to 100 gpm)
1 Slurry Pump with 50C Heated IW: Step Hours
Decant | salt cake water salt total liq or | crystallized total  [Inhib'Water 0.0
+ dissolv. | existing | dissolved supernate | salt cake content |Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 |ExtraMixing 0.0
gallons 1030278 | 202399 84333 286732 945945 | 1232010 |Jet Transfer 717.1
% 83.6% 16.4% 6.8% 23.3% 76.8%|  100.0%|Sampl&Prep.  240.0
net hours 0.0 0.0. 71.7 transfer batch total (days) 13.2
starting water salt total crystallized total  |Inhib'Water 210.6
level added | dissolved | supernate | salt cake content |Dissolution 137.3
271.50 40.0 16.67 58.67 254.83 313.5 1ExtraMixing  168.0
952965 | 140400 58500 205920 894465 | 1100385 |Jet Transfer 553
86.6% 12.8% 53% 18.7% 81.3% 100.0%|Sampl&Prep. 240.0
210.6 1373 55.3 transfer batch total (days) 33.8
watetr salt total crystallized | total [Inhib'Water - 210.6
added | dissolved | supernate | saltcake | content |Dissolution | 137.3
40.0 16.67 58.67 240.17 298.8 |ExtraMixing  168.0
901485 | 140400 58500 205920 842985 | 1048905 |Jet Transfer 55.3
85.9% 13.4% 5.6% 19.6% 80.4%)  100.0%|Sampi&Prep.  240.0
210.6 137.3 . 55.3 transfer batch total (days) 33.8
starting water sait total | crystallized | total |Inhib'Water  210.6
: level added | dissolved | supernate | salt cake content [Dissolution 137.3
depth (in) 242,17 40.0 16.67 58.67 225.50 284.2 |ExtraMixing  168.0
gallons 850005 | 140400 | 58500 | 205920 791505 | 997425 Jet Transfer ~ 55.3
% 85.2%  14.1% 5.9% 20,6% 79.4%|  100.0%|Sampl&Prep.  240.0
net hours 210.6 137.3 55.3 transfer bateh total (days) 33.8
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Step Hours
starting water salt total crystallized | total [Iohib"Water  210.6
level added | dissolved | supernate | salt cake content |Dissolution 137.3
depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 |ExtraMixing 168.0
gallons 798525 | 140400 58500 205920 740025 | 945945 |Jet Transfer 55.3
% £84.4% 14.8% 6.2% 21.8% 78.2%| 100.0%|Sampl&Prep. 240.0
net hours 210.6 137.3 55.3 transfer batch total (days) 33.8
(Case 12) One Slurry Pump with 50C Heated Inhibited Water
Tank Level at the End of Batch 4 = 2108 +2= 212.8 "TK Lv!]
Salt Cake Level Reduced = 269.5 2108 = 58.7 "TKLwi
Total Inhibited Water Used= 561600 gallons = 160.0 " TK Lvl
dissolution with pump (é) = 549.3 hrs = 22.9 days
extra pump run mixing (b) = 672.0 hrs 28.0 days
total pump run mixing time (a+b) = IV 50.9 days ]
inhibited water addition = 842.4 hrs = 35.1 days
jet transfer time = 298.7 hrs = 12.4 days
test sample & preparation= 1200.0 hrs = 50.0 days
total time = 3562.4 hrs = 148.4 days
or ( 4.9 months J

After the existing supernate transfer to TK 30 and the sbove four batch transfer to TK 26,

Tank 37 salt level of

212.8 inch will pass the project scope tank level of 227 inches.

Batch #5 is shown below even though it is not required to meet the original project scope level
qf 227 inches. The Tank 37 level after Batch § will be

198.2 inches if Batch S is processed.

| Hours

. Step
Batch #5 | starting water salt total crystallized | total |Inhib'Water  210.6
fevel added | dissolved | supernate | salt cake | content |Dissolution 137.3
depth (in) 212.83 40.0 16,67 58.67 196.17 254.8 |ExtraMixing 168.0
gallons 747045 140400 58500 205920 688545 | 894465 |Jet Transfer 55.3
% 83.5% 15.7% 6.5% 23.0% 77.0% 100.0%|Sampl&Prep. 240.0
net hours 210.6 137.3 55.3 transfer batch total (days) 33.8
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 13) Three Flygt Mixers with 50G Heated Inhibited Water
Water to salt dissolittion ratio < 24 to 1 % total time
2 Flygt Mixers with 50C Heatod IV 4.8 months tota] 100%
7.4_gpm dissolution rate; dissolution & mixing = 50.0 days 33.9%
2) initial salt cake leve] (average of 262" & 277*) = 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank = 8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
et pumping time of one batch IW to TK 37=IWp = [.3 hrs

number of IW batches per 12 hr-shift — .
number of IW batcheg per day = '

total time

of I batch IW addition to TK 37 = [Wt =

1 batch per shift
2 batches per day

12 hrs
total IW time needed/net pumping time = [Wt/[Wp = 9
¢) salt dissolution rate = 7.4 gpm
d) jet transfer rate from TK 37 to TK30or TK 26 = 60 gpm
(60 to 100 gpm)
2 Flygt Mixers with S0C Heated [W: Step Hours
Decant ’ salt cake [ water salt | total liq or | crystallized total  lInhib"Water 0.0
181+ dissolv. | existing | dissolved supernate | salt cake content |Dissolution 0.0
lﬁpth (in) 293.53 57.66 24.03 81.69 269.50 351.0 |ExtraMixing 0.0
gallons 1030278 | 202399 84333 286732 945945 | 1232010 [Jet Transfer 71.7
% 83.6%  164%  6.8%  233% 76.8%]  100.0%|Sampl&Prep.  240.0
net hours 0.0 0.0 77.7 transfer batch total (days) 13.2 |
starting water salt total crystallized total  |Inhib'Water 210.6
level added | dissolved supernate salt cake confent Dissolution 131.8
271,50 40.0| 1667 58.67 254,83 313.5 |ExtraMixing  168.0
952965 140400 58500 205920 804465 | 1100385 |Jet Transfer 55.3
86.6% 12.8%  53% 18.7% 81.3%|  100.0%|Sampl&Prep. 240.0
210.6 131.8 55.3 transfer batch total (days) 33.6
starting water salt total crystallized {  total Inhib'Water . 210.6
level added | dissolved | supernate | salt cake content {Dissolution 131.8
256.83 40,0 16.67 ~ 58.67 240,17 298.8 |ExtraMixing  168.0
901485 | 140400 58500 205920 842985 | 1048905 |Jet Transfer 55.3
85.9% 13.4% 5.6% 19.6% 80.4% 100.0% Sampl&Prep.  240.0
210.6 131.8 55.3 transfer batch total (days) 33.6
starting water salt total crystailized total  |Inhib'Water 210.6
level added | dissolved | supernate | salt cake content |Dissolution 131.8
24217 40.0 16.67 58.67 225.50 284.2 ExtraMixing 168.0
gallons 850005 { 140400 58500 205920 ( 791505 | 997425 |Jet Transfer 55.3
% 85.2% 14.1% 5.9% 20.6% 79.4%|  100.0% Sampl&Prep.  240.0
net hours 210.6 131.8 55.3 transfer batch total (days) 13.6
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Step Hours
Batch #4 [ starting water salt total crystallized total  |Inhib'Water 210.6
S level added | dissolved | supernate { salt cake coatent |Dissolution 131.8
depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 |ExtraMixing  168.0
gallons 798525 | 140400 58500 205920 740025 | 945945 |Jet Transfer 55.3
% 84.4% 14.8% 6.2% 21.8% 78.2% 100.0% Sampl&Prep. 240.0
net hours 210.6 131.8 55.3 transfer batch total (days) 33.6

(Case 13) Three Flygt Mixers with J0C Heated Inhibited Water

Tank Level at the End of Batch 4 — 210.8- +2= 212.8 " TK Ll
Salt Cake Level Reduced = 269.5 -210.8 = 38.7 "TK Lvl
Total [nhibited Water Used= . 561600 gallons = 160.0 " TK Lv!
dissolution with mixer (a) = 527.0 hrs = 22.0 days

extra mixing (b) 672.0 hrs 28.0 days

total mixer running time (atb) = ‘ ': 50.0 days —]'
inhibited water addition = 842.4 hrs = 35.1 days

jet transfer time = . 298.7 lhrs = 12.4 days

test sample & preparation= - 1200.0 hrs = ' _50.0 days

total time = | | 3540.1 hrs = 147.5 dave

UGJD

or{ 4.8 months ]

After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,

Tank 37 salt level of 212.8 inch will pass the project scope tank level of 227 inches.
Batch #5 is shown below even though it is not required to meet the original project scope level _
of 227 inches. The Tank 37 level after Batch § will be 198.2 inches if Batch § is processed.
: Step Hours
Batch #5 | starting | water salt total | crystallized | total |Inhib'Water  210.6
level added | dissolved | supernate | salt cake content {Dissolution 131.8
depth (in) 212.83 40.0 16.67 58.67 196.17 254.8 |ExtreMixing  168.0
gallons 747045 140400 58500 205920 688545 894465 (Jet Transfer 55.3
% 83.5% 15.7% 6.5% 23.0% 77.0%|_ 100.0%|Sampl&Prep.  240.0
net hours 210.6 131.8 55.3 transfer batch total (days) 33.6
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(Casc 14) Two Flygt Mixers with 75C Heated Inhibited Water
Water to salt dissolution ratio = 24 to i % total time
2 Flygt Mixers with 75C Heated IW: 4.7 months total 100%
B.6 pgpm dissolution rate; dissolution & mixing = 46.9 days 32.47%
a) initial salt cake level (avcrage of 262" &277") = 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tapk = 8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = ‘ 160 gpm
net pumping time of one batch I'W to TK 37 =IWp = 1.3 hrs

number of IW batches per 12 hr—shift =
onumber of IW batches per day =
total time of 1 batch IW addition to TK 37 =

1 batch per shift
2 batches per day

[Wt = 12 hrs
total IW time needed/net pumping time = TWHIWp = 9
¢) salt dissolution rate = 8.6 gpm
d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
{60 to 100 gpm)
2 Flygt Mixers with 75C Heated [W: Step Hours

salt cake water salt | total liq or | crystallized | total |Inhib'Water 0.0
dissolv. | existing | dissolved | supernate | salt cake content |(Dissolution 0.0
293.53 57.66 24.03 81.69 269.50 351.0 |ExtraMixing 0.0
gallons 1030278 | 202399 84333 286732 945945 | 1232010 [Jet Transfer 717
% 83.6% 16.4% 6.8% 233% 76.8% 100.0%|Sampl&Prep. 240.0
net hours 0.0 0.0 71.7 transfer batch total (days) 13.2
Batch # starting water salt total crystallized total  (Inhib’Water 210.6
level gdded | dissolved | supernate | salt cake | content [Dissolution 113.4
depth (in) 271.50 40.0 16.67 58.67 254.83 313.5 |ExtraMixing ~ 168.0
gallons 952965 | 140400 58500 205920 894465 | 1100385 |Jet Transfer 55.3
% 86.6% 12.8% 53% 18.7% 81.3% 100.0%|Sampl8&Prep. 240.0
net hours 210.6 113.4 55.3 transfer batch total (days) 32.8
Batch #2 | starting water salt total crystallized | total |Inhib'Water = 210.6
level added | dissolved | supernate | salt cake | content |Dissolution 113.4
depth (in) 256.83 40.0 16.67 58.67 240171 208.8 lExtraMixing  168.0
gallons 901485 | 140400 58500 205920 842985 | 1048905 |Jet Transfer 55.3
% 85.9% 13.4% 5.6% 19.6% 80.4%| 100.0%|Sampi&Prep. 240.0
net hours ©210.6 113.4 55.3 transfer batch total (days) 32.8
Batch #3 | starting water | salt total crystallized | total |Inhib'Water  210.6
level added | dissolved | supernate | salt cake | content |Dissolution 113.4
depth (in) 242,17 40.0 16.67 58.67 225.50 284.2 |ExtraMixing 168.0
gallons 850005 | 140400 | 58500 [ 205920 791505 | 997425 |Jet Transfer 55.3
% 85.2%| 14.1% 59% 20.6%! 79.4%!  100.0%|Sampl&Prep.  240.0
net hours 210.6  113.4 55.3_transfer batch total (days) 32.8
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Step Hours
starting water salt total crystallized total |Inhib'Water 210.6
{  lovel added | dissolved | supernate | s2alt cake | content |Dissolution 113.4
depth (in) 227.50 40.0 16.67 58.67 210.83 269.5 |ExtraMixing  168.0
gallons 798525 140400 58500 205920 740025 | 945945 |Jet Transfer 55.3
%o 84.4% 14.8% 6.2% 21.8% 78.2% 100.0%|Sampl&Prep. 240.0
net hours 210.6 113.4 55.3 transfer | batch total (days) 32.8
(Case 14) Two Flygt Mixers with 75C Heated Inhibited Water
Tank Level at the End of Baich 4 = 2108 +2= 212.8 " TK Lvl
Salt Cake Level Reduced = 269.5 -210.8 = 58.7 *TK Lvl
Total Inhibited Water Used= 561600 pgallons = 160.0 * TK Lvl
dissolution with mixer (a} = 453.5 hrs = 18.9 days
extra mixing (b) 672.0 hrs 28.0 days
total mixer running time (a+b) = i 46.9 days
inhibited water addition = 842.4 his = 35.1 days
jet transfer time = 298.7 hrs = 12.4 days
test sample & preparation= 1200.0 hrs = 50.0 days
total time = 3466.6 brs = 144.4 days

or { 4.7 months

After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,

Tank 37 salt level of 212.8 inch will pass the project scope tank level of 227 inches.
Batch #5 is shown below even though it is not required to meet the original project scope level ,
of 227 inches. The Tank 37 level after Batch 5 will be 198.2 inches if Batch 5 is processed.
Step Hours
starting water salt total crystallized | total {Inhib'Water  210.6
level added | dissolved | supernate | salt cake | content |Dissolution 113.4
212.83 40.01 16.67 58.67 | 196.17 |  254.8 |ExtraMixing  168.0
747045 140400 58500 205920 688545 894465 |Jet Transfer 55.3
83.5% 15.7% 6.5% 23.0% 77.0%|  100.0%|Sampl&Prep.  240.0
210.6 113.4 55.3 transfer batch total (days) 32.8
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(Case 15) One Slurry Pump with 75C Heated Inhibited, Water

Water to salt dissolution ratio = - 24 to 1 % total time
I Slurry Pump with 75C Heated [W: 4.7 months total 100%
9.3 gpm dissolution rate; dissolution & mixing = 45.5 days _31.80%
2) initial salt cake level (average of 262* &27717) = 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank = 8000 gallons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
net pumping time of one batch IW to TK 37 = [Wp = 1.3 ‘brs

number of IW batches per 12 hr-shift =
number of IW batches per day =
tatal time of 1 batch IW addition to TK 37 = [Wt =

.1 batch per shift
2 batches per day

12 hrs
total IW time needed/net pumping time = IWU[Wp = 9
<) salt dissolution rate = 8.3 gpm
d} jet transfer rate from TK 37 to TK 300r TK 26 = 60 gpm
60 to 100 gpm)
1 Slurry Pump with 75C Heated [W: Step . Hours

salt cake water salt total liq or | crystallized total  Inhib'Water 0.0
S 1+ dissolv. existing | dissolved | supernate salt cake content (Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 269.50 351.0 |ExtraMixing 0.0
galions 1030278 | 202399 84333 286732 945945 | 1232010 |Jet Transfer 71.7
%o | 83.6% 16.4% 6.8% 23.3% 76.8%  100.0%{Sampl&Prep. 240.0
net hours 0.0 0.0 77.7 transfer batch total (days) 13.2
starting waler salt total crystallized total  |Inhib’Water 210.6
level added | dissolved | supernate | salt cake content |Dissolution 104.8
271,50 40.0 16.67 58.67 254.83 313.5 |ExtraMixing  168.0
952965 | 140400 58500 205920 894465 | 1100385 |Jet Transfer 553
86.6% 12,8 % 5.3% 18.7% 8L3%| 100.0%|Sampl&Prep. 240.0
net hours 210.6 104.8 55,3 transfer ‘batch total (days) 324
Batch #2 | starting water salt total crystallized | total [Ighib’Water = 210.6
level added | dissolved | supernate | salt cake content |Dissolution 104.8
depth (in) 256.83 40.0 16.67 58.67|  240.17 298.8 |ExtreMixing  168.0
gallons 901485 | 140400 58500 205920 | - 842985 | 1048905 [Jet Transfer 55.3
- % 85.9% 13.4% 5.6% °  19.6% 80.4%| 100.0%|Sampi&Prep. 240.0
net hours 210.6 104.8 55.3 transfer batch total (days) 32.4
Batch #3 | starting water | galt total crystallized | total [Inhib*Water  210.6
level added | dissolved | supernate { salt cake | content |Dissolution 104.8
depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 |ExtraMixing ~ 168.0
gallons 850005 | 140400 | 58500 [ 205920 791505 | 997425 |Jet Transfer 55.3
% 85.2% 14.1% 59% 20.6% 79.4%|  100.0%!Sampl&Prep.  240.0
net hours - 210.6 104.8 55.3 transfer batoh total (days) 324
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Step Hours
starting water salt total crystallized total |Inhib*Water 210.6
level added | dissolved | supemnate | saltcake | content Dissolution 104.8
depth (in) 227.50 40,0 16.67 58.67 210.83 269.5 |ExtraMixing  168.0
gallons 798525 140400 58500 205920 740025 945945 |Jet Transfer 55.3
%o 84.4% 14.8% 6.2% 21.8% 78.2%| 100.0% Sampl&Prep.  240.0
net hours 210.6 104.8 55.3 transfer batch total (days) 32.4
(Case 15) One Slurry Pump with 75C Heated Inhibited Water
Tank Level at the End of Batch 4 — 210.8 +2= 212.8 *TK Lv]
Salt Cake Level Reduced = "269.5 -210.8 58.7 " TK Lvl
Total Inhibited Water Used= 561600 gallons = 160.0 " TK Lvl
dissolution with pump (a) = 419.4 hrs = 17.5 days
extra pump run mixing (b) = - 672.0 hss 28.0 days
total pump run mixing time (a+b) = L 43.5 days J
inhibited water addition = 842.4 hrs = 35.1 days
jet transfer time = 298.7 hrs = 12.4 days
test sample & preparation= 1200.0 hrs = 50.0 days
total time = 3432.5 his = 143.0 days
or | 4.7 months

After the existing supernate transfe

Tank 37 salt level of

Batch #5 is shown below even though
of 227 inches. The Tank 37 level 2

r to TK 30 and the above four batch transfer to TK 26,

212.8 inch will pass the project scops tank level of 227 inches.

it is not required to meet the origi.ﬁal project scope level
fter Batch 5 will be

198.2 inches if Batch 5 is processed.

. Step Hours
water salt . total ~ | crystallized total  |Inhib'Water 210.6
added | dissolved | superdate | salt cake content |Dissolution 104.8
40.0 16.67 58.67 196,17 254.8 ExtraMixing 168.0
140400 58500 205920 688545 894465 |Jet Transfer 55.3
15.7% 6.5% 23.0% 77.0%| 100.0% Sampl&Prep.  240.0
210.6 104.8 55.3 transfer batch total (days) 32.4
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TANK 37H DISSOLUTION CYCLE ANALYSIS

(Case 16) Three Flygt Mixers with 7SC Heated Inhibited Water
Water to salt dissolution ratio = 24 o 1 % total time
’ 3 Flygt Mixers with 75C Heated I'W: 4.6 months total 100%
10.6 gpm dissolution rate; dissolution & mixing = 43.3 days 30.8%
a) initial salt cake level (average of 262° & 277") = 269.50 inch
b) inhibited water batch = ~80% of 10 Kgal tank = 8000 gailons
inhibited water pumping to TK 37 (80 to 120 gpm) = 100 gpm
net pumping time of one batch IW to TK 37 = IW p= [.3 hrs
number of IW batches per 12 hr-shift = L batch per shift
number of IW batches per day = 2 batches per day
total time of 1 batch IW addition to TK 37 = [Wt = 12 hrs
total IW time needed/net pumping time = IWtIWp = 9
¢) salt dissolution rate = 10.6 gpm
d) jet transfer rate from TK 37 to TK 30 or TK 26 = 60 gpm
(60 to 100 gpm)
3 Flygt Mixers with 75C Heated IW: Step Hours
Decant | salt cake water salt total lig or | crystallized total  lInhib'Water 0.0
+ dissolv. | existing | dissolved supernate | salt cake content |Dissolution 0.0
depth (in) 293.53 57.66 24.03 81.69 268.50 351.0 |ExtraMixing 0.0
gallons 1030278 | 202399 84333 286732 945945 | 1232010 |Jet Transfer 71.7
% 83.6% 16.4% 6.8% 23.3% 76.8%|  100.0%|Sampl&Prep.  240.0
net hours 0.0 0.0 71.7 transfer batch total (days) 13.2
starting water salt | total crystallized | total [[nhib'Water  210.6
level added | dissolved | supernate | saltcake | content [Dissolution 92.0
271.50 40.0 16.67 58.67 254.83 313.5 |ExtraMixing  168.0
952965 | 140400 58500 205920 894465 | 1100385 {Jet Transfer 553
86.6% 12.8% 5.3% 18.7% 81.3% 100.0%|Sampl&Prep. 240.0
210.6. 92.0 S5.3 ftransfer batch total (days) 31.9
starting water salt total crystallized | total [Inhib'Water = 210.6
= level added | dissolved | supernate | salt cake content |Dissolution 92,0
depth (in) 256.83 400 16.67 58.67 240.17|  298.8 |ExtraMixing  168.0
gallons 901485 | 140400 58500 205920 842085 | 1048905 |Jet Transfer 55.3
% 85.9% 13.4% 5.6% 19.6% 80.4%| 100.0%|Sampl&Prep.  240.0
net hours ' 210.6 92.0 55.3 transfer batch total (days) 319
Batch #3 [ starting water salt total crystallized |  total [Inhib'Water  210.6
level added | dissolved { supernate | saltcake | content |Dissolution 92.0
depth (in) 242.17 40.0 16.67 58.67 225.50 284.2 |ExtraMixing  168.0
galions 850005 | 140400 | 58500 205920 791505 | 997425 [Jet Transfer 55.3
% 85.2% 14.1% - 5.9% 20.6% 79.4%|  100.0%|Sampl&Prep.  240.0
net hours 210.6 : 92.0 55.3 transfer batch tota! (days) 31.9
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Step Hours

starting water salt total crystallized total |Inhib'Water 210.6

level added | dissolved | supernate salt cake content |Dissolution 92.0
depth (i) 227.50 40.0 16.67 58.67 210.83 269.5 |ExtraMixing  168.0
gallons 798525 140400 58500 | 205920 | 740025 | 945945 |Jet Transfer 55.3
% 84.4%  14.8% 6.2% 21.8% 78.2%|  100.0%|Sampl&Prep.  240.0

(net hours 210.6 92.0 55.3 transfer batch total (days) - 31.9

(Case 16) Three Flygt Mixers with 75C Heated Inhibited Water

Tank Level at the End of Batch 4 = 2108 +2= 212.8 " TK Lvi
Salt Caké Level Reduced = 269.5 -210.8 = 58.7 "TKLvl
Total Inhibited Water Used= 561600 gallons = 160.0 * TK LvI
dissolution with mixer (a) = 367.9 hrs = 15.3 days
extra mixing (b) 672.0 hrs 28.0 days
total mixer running time (a+b) = L 43.3 days
inhibited water addition = 842.4 hrs = 35.1 days
jet transfer time = 298.7 hrs = [2.4 days
test sample & preparation= 1200.0 hrs = 50.0 days
total time = 3381.0 hrs = 140.9 days
or | 4.6 months

After the existing supernate transfer to TK 30 and the above four batch transfer to TK 26,

Tank 37 salt level of

212.8 inch will pass the project scope tank level of 227 inches.

Batch #5 is shown below even though it is not required to meet the original project scope level
of 227 inches, The Tank 37 level after Batch 5 will be

198.2 inches if Batch § is processed.

Step Hours
Batch #5 | starting water salt total crystallized | ‘total |Inhib*Water 210.6
_level added | dissolved | supernate | salt cake | content |Dissolution 92.0
depth (in) 212.83 40.0 16.67 58.67 196.17 254.8 |ExtraMixing 168.0
gallons 747045 | 140400 58500 205920 688545 | 894465 {Jet Transfer 55.3
% 83.5% 15.7% 6.5% 23.0% 77.0%| 100.0%|Sampl&Prep.  240.0
net hours - 210.6 92.0 55.3 transfer batch total (days) 31.9
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End IW Addition | Peak Temp. | End Dissolution | End Mixing
Water Batch 1 Batch 1 Batch 1 Batch 1
Method of Dissolution Temp. (°C) Batch 4 Batch 4 Batch 4 Batch 4
1. No Agitation 25 36.0 37.0 336 34.3
29.7 29.9 27.6 27.9
2. MDG 25 36.0 37.0 334 33.6
29.1 29.1 26.5 27.0-
3. MDG 50 380 38.0 35.0 350
34.0 34.0 30.6 30.8
4. MDG 75 40.1 40.1 373 37.0
39.9 40.0 36.6 36.2
5. One Flygt Mixer 25 36.0 37.0 356 359
29.8 30.0 27.5 27.7
6. Two Flygt Mixers 25 36.5 37.0 337 340
30.0 30.2 27.6 282
7.  One Flygt Mixer 50 38.0 38.0 355 357
35.4 354 325 32.7
8. One Slurry Pump 25 36.0 386 36.1 38.6
37.9 40.6 37.8 40.6
9. Three Flygt Mixers 25 36.0 37.0 33.8 343
304 30.7 28.1 28.8
10. One Flygt mixer 75 40.0 40.0 37.5 375
_ 40.8 40.8 37.7 37.7
11. Two Flygt Mixers - 50 38.1 38.1 356 359
35.6 356 328 332
12. One Slurry Pump 50 38.0 39.7 373 39.7
422 43.7 41.1 437
13. Three Flygt Mixers 50 381 38.1 35.8 36.2
_ 36.2 36.2 33.5 34.0
14. Two Flygt Mixers 75 402 40.2 375 313
41.3 41.3 38.1 383
15. One Slurry Pump 75 40.1 41.2 389 412
413 473 45.6 479
16. Three Flygt Mixers 75 40.2 40.2 378 382
422 42.2 393 39.6
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Before Batch Dissolution Preessses of Tank 37
(Salt Solution to be transferred to TK 26 Later)

L O TS TR ST LRI R I T I s s R SR
HHH R R
Step - Houre
- Decant | calt cake water el | walliqer | erystallized | wtal Inhib Water .0
[ MEI5g e discotv. | existing | dissotved supcruste | caltcake | coateat |Diteolution 0.0
23.53 57.66 24.03 t1.69 269.50 3510 |ExiraMixing 0.0
| 1030278 | 202399 $4333 186732 945945 | 1232010 |Jet Trunsfer na
£3.6% 16.4% 5.8% 235 76.8% 100.0% SemaplécPrep, 240.0
A 0.0 0.0 1.7 tansfer bateh totel (deys) 13.2 | ——
o 2 £ 6 2} 10 12 14
Time (Days)
0O Superneate + Selt
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Tenk 37 Waate Temperature (C)
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Case 1! No Agitation with 25C IW (Batch 1-2)

Case 1: Molecular Diffusion - 25C [W
Batch | - (Individual} & Cummulative Time
Inhib'Water (8.8) 8.8 days
Dissolution (22.2) 31.0 days
Contingency (7) 38.0 days
Jet Transfer (2.3) 40.3 days
ﬂﬁ&%h Sample & Prep. (10) 50.3 days
%“‘*sh %}ﬁiﬂ
)
%S%‘h R
W
0 20 40 60
Time (Days)
O Supernate + Salt
Case I: Molecular Diffusion - 25C IW
Y Batch 2 - (Individual) & Cummulative Time
Ty Inhib Water (8.8) 8.8 days
Dissolution (22.2) 31.0 days
] Contingenc 38.0 days
e, o gency (7) y
: - . Jet Transfer (2.3) 40.3 days
E Sample & Prep. (10) 50.3 days
L
"“gkkk 'ﬁ%@%\% !
I‘%‘%‘I‘R i M
_&%M
o 20 40 60
Time (Daym)
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Tank 37 Weate Temperature (C)
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Case : No Agitation with 25C TW (Batch 3-4)
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oy,

Case |: Molecular Diffusion ~ 25C IW
Batch 3 - (Individual) & Cummulative Time

Inhib’ Water (8.8)

1

Dissolution (22.2)
Contingency (7)

Jet Transfer (2.3)
Sample & Prep. (10)

8.8 days
31.0 days
38.0 days

40.3 days
50.3 days

wi'
X
“a

iy
A
Y
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X Ny

b

5

i

20

0 40 &0
Time {Days)
O Supernate +
l I I
Case 1: Molecular Diffusion - 25C [W
N Batch 4 - (Individual) & Cummulative Time
“ﬁg?n Inhib* Water (8.8) 8.8 days
Dissolution (22.2) 31.0 days
o Contingency (7) 38.0 days
’s‘L y, Jet Transfer (2.3) 40.3 days.
—— "S% '-'%q Sample & Prep. (10) 50.3 days
%s% ST
LY Eﬁﬁ‘ &
— 58 f?fr
N ¥
—
0 20 40 60
Time (Day=s)

0 Supernate

+
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Tank 37 Weaste Temperature (C)
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Case 2: Modified Density Gradient (Batch 1-2)

7.5
ay _
36.5 ‘M‘éﬁ Case 2: Modified Density Gradieat ~ 25C IW
%‘ Batch - (Individual) & Cummulative Time
36 Inhib"Water (8.8) B.8 days
oy | DissolsTenst (11.4) 202 days
ass %EL Gontingeacy (7) 27.2 days
“q%k:L Sample & Prep. (10) 37.2 days
35 k\k ,,k’% _
345 *‘i‘ %—R
34 e
s, e
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) WW
az2.5
10 20 a0 40
. Time {Days)
0O Supernate + Salt
34
33.5 %
RF% Case 2; Modified Density Gradient - 25C W
Batch 2 - (Individua!) & Cummulative Time
33 Inhib'Water (8.8) 8.8 days
Discol+Trnsf (11.4) 202 days
azs [P, Contingency (7) 27.2 days
© Y Sample & Prep. (10) 37.2 days
32 X“
\c 1?551,
ars 1,% T
" x%\;‘ﬂ-& =
0.5 pkt
)%& M-H‘H’"”.
© 30
10 20 a0 40
Time {Days)
O Supernate + Salt
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Tank 37 Waste Temperature (C)
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Case 2: Modified Density Gradient (Batch 3-4)

L4
e —é‘ﬁmk l' l
31 Case 2: Modified Density Gradient - 25C [W
30.8 Himeg Batch 3 - (Individuzl) & Cummulative Time
30.6 5 Iahib'Water (8.8) 8.8 days
) i 202 days
10.4 ' "m_ Dissol+Trnsf (11.4) .
"H'"S‘ E& . Contingency (7) 27.2 days
30.2 & Sample & Prep. (10) 37.2 days
a0
20.8 3
29.6 3‘
X R
29.4 )‘-"\. NQ_
29.2 —5 “E
29 o
20.8 a8 :
28.6 -\ -ﬁn "
28.4 \S. ﬁ M
28.2 b il
28 N#M
27.8
0 10 20 ao 40
Time (Days)
‘0 Supernate + Salt
29.4 -[—
29.2
%
29 ]
28.8 N Case 2: Meodified Density Gradient ~ 25C [W
286 THHHHHH Baich 4 - (Individual) & Cummulstive Time
- X_ Inhib*Water (8.8) 8.8 days
28.4 \- - Dissol+Trusf (11.4) 20.2 days
28.2 Contingency (7) 27,2 days
28 *\. Sample & Prep. (10) 37.2 days
27.8 ‘k
27.6 X‘ Q— :
27.4 NE 57
2%.2 u&« &
27 hRY .
26.8 \:BL i ..-F”'"Fm
26.6 ‘K( rﬁ
N
26.4 "
26.2 -
o 0 20 30 15
Time (Days)

0O Supernate + Salt
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Tank 37 Waste Temperature (C)

Tank 37 Waste Temperature (C)

38.5

a8

375

a7

36.5

a6

35.5

a5

34.5

34

37

(]
.Ch
LA

a6

35.5

as

34.5

34

33.5

a3

az2s
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Case 3: Modified Density Gradient-50C IW (Batch 1-2)

Baich 1 - (Individuz]

Case 3: Modified Density Gradient - 50C [W |—

) & Cummulative Time

s lahib' Water (8.8)

.«*""M R Dissol+Trnsf (8.0)
S& Contingency (7)

Sample & Prep. (10)

8.8 days —]
16.8 days
23.8 days
33.8 days

0O Supernate + Ealt

10 20 30
Time (Days)
0O Supernate + Salt
Dﬁ Case 3: Modified Density Gradient - S0C IW
) Batch 2 - (Individual) & Cummulative Time ||
Inhib*"Water (8.8) 8.8 days
A Dissol+Tmsf (3.0) 16.8 days _
i ’5 Contingeacy (7) 238 days
F\ ‘ Sample & Prep. (10) 33.8 days
A%
N
% i MR
10 20 20
Time (Days)
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Teank 37 Waste Tempereature (C}

Tank 37 Waste Temperature (C)
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Case 3: Modified Density Gradient-50C I'W (Batch 3-4)

35.5 |
as Pe &) t
%&l Case 3: Modified Density Gradient - 50C (W
34,5 — Batch 3 - (Individual) & Cummulative Time | |
Inhib*Water (8.8) 8.8 days
14 fg‘ Dissol+Tmsf (8.0) 16.8 days
- f Contingency (7) 23.8 days i
‘ jf \}k‘ Sample & Prep. (10) 33.8 days
3a.5 ! f’
aa [— f \b&%
- A\
32 %‘
31.5
at
0 10 . z0 30
Time {Days)
O Supernate + Selt
34.5
4
’ ﬁin Case 3: Modified Density Gradient - 50C IW
3as Baich 4 - (Individual) & Cummulative Time
Inhib*Water (8.8) 8.8 days
a3 ] Dissol+Tmsf (8.0) 16.8 days
JffFF \l%% Contingency (7) 23.8 days -
Sample & Prep. (10 .
325 ﬁ!ﬂa A tmp rep.{10) 33.8 days
o f \i
aLs f TS\ &
3L 2&
T W i —— ey |
30.5 \(
X«-H*ﬁ' MW AT
20
° Lo 20 a0
Time (Days)

0 Supecrnate + Selt
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Tanuk 37 Weate Temperature (C)

Tank 37 Waste Temperature ()

40.9

40

39.5

3¢

38.5

a8

37.5

37

36.5

36

35.5

40.5

40

39.5

a3

38.5

aa

37.5

- AT

]
o
LA

35.5
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Case 4: Modified Density Gradient~75C IW (Batch 1-2)

3
F L
ng 1\ Case 4: Modified Density Gradient - 75C 1W
ud“ 1!” Baich I - (Individual) & Cummulative Time |~ |
e Inhib* Water (8.8) 8.8 days
?" ;‘ \ ‘ﬂ“ Dissol+Trnsf (6.2) 15.0 days ]
f' ‘;L a8 Contingsucy {7) 22.0 days
i / Sample & Prep. (10) 32.0 days |
) %
)

\ _
e
. Ll

Py
#
MARak) anans s
4 a 12 16 20 24 28 az2
Time {Dayas)
O Supernate. + Salt
n‘gf 1‘1 Cise 4: Modified Density Gradient - 75C (W | __|
Batch 2 - (Individual) & Cummulative Time

A 2 | Inhib*Water (8.8) 8.8 days |

gl F{ 8 Dissob+Trusf (6.2) 150 days
# K & Contingency (7) 22.0 days ]

EPuﬂ‘ f \ Sample & Prep. (10) 32.0 days

' y

Y 1

Pt FH R
o 4 a L2 6 20 24 ‘28 az
Time (Daya)
O Supernate + Balt
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Tank 37 Woate Temperature (C)

Tank 37 Waste Temperature (C)
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41
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Case 4: Modified Density Gradient-75C IW (Batch 3-4)

U Case 4: Modified Deasity Gradient - 75C IW | —
Batch 3 - (Individual) & Cummulative Time
Inhib*Water (2.8) 8.8 days
A8 9 Dissol+Trnsf (6.2) 15.0 days ]
"k H Contingency (7) 22.0 days
LL& Sample & Prep. (10) 32.0 days

el

et

X\“&me.m;mm%

R 233225020
-f’ \"Hﬂﬂﬂ-[-ﬂ_‘_ .
t H+ WMH’-H-
Q 4 a8 12 i6 20 24 28 az
Time (Daya)
0O Supernate + Salt
e Case 4: Modified Deasity Gradient - 75C [W ]
FF}; Batch 4 - (Individual) & Cummulative Time
Inhib' Water (8.8) 8.8 days
o Diszol+Trmsf (6.2) 15.0 days
j Contingency (T) 22.0 days ]
flf \ Sample & Prep. (10) 32.0 days
nry \
Eﬁj Lh T .
7 \ : [Py
/ A |
e
-H-.++'H-H'H+H“HH-H.|q-
o] 4 8 12 L6 20 24 208 az
Time (Days=)

O Supernate + Salt
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Tank 37 Wante Texmperature (C)

Tenk 37 Taste Texaperatore (C)

avs

Case 5: One Flygt Mixer with 25C- IW (Batch 1-2)

WSRC-TR-2001-00277, Rev_ ()

B I 1 I {
ar —4, Case 5t Oao Flygt Mixer.with 25C IW
Batch | - (Individusl) & Cummtative Time
6.5 Inklb*Water (8.5) 1.8 duys
) Dissolution (13.5) 2.3 days
3 Extr Mixing (7) 293 days
s Tet Transfer (2.3) L6 days
s & Prep. (10 41.6 dx
as.5 | Stmple & Prep- (10) 6 days
as "ﬁ\
345
Ek‘ EEE3)
34 1\{%@ dmmm:mf L
335 — -sr& 7
as -.-‘-"H'M
azs
Q Lo 20 30 40
Time (Daya)
0O Supemrmnate +  Salt
3457 j I t I
_ :‘ Case 5: One Fiygt Mixer with 25C [W
a4 oy Batch 2 - Andividusl) & Cummulative Time |
Inhib"Water (8.8) 8.8 days
335 wﬁ&*ﬁm Dissolution (13.5) 223 days
| Extre Mixing (7) 29.3 days
‘K"“u ] Jet Transfer (2.3) 3L6 days
a3 ‘qq [~ Sample & Prep. (10) 416 dys
azs k i‘%“‘
32 5 -
% %EE pEsziiiy
K . 9 -
aLs \%‘5%"&5& E‘ - M
a1 Kd‘ I !
a0.5
0 10 20 30 €0
Time (Dayn)

0 EGuoperpete + Ealt
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Tank 37 Maste Temperature (C)

Tanik 37 Tagte Temparature <)
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Case 5: One Flygt Mixer with 25C IW (BATCH 3-4)

az
sio [ 0 I W
aLe |- E«:@ Ceso 5: Onc Flygt Mixer wilh 25C IW
arg Batch 3 - (Tadividual) & Cummulative Time
aLz by Tahib Water (8.8) T 8.8 days

9 Dissolution (13.5) 223 days

3 o % Extra Mixing (T) 20.3 days
o8 ‘“"*\ = Jet Toamsfer (2.3) 316 days
30.6 h Sample & Prep. (10) 41.6 days
30.4 b |

302 kY
30 i % : &

29.8

2%.6 \i

X Lt -
29.4 ﬁ -
29.2 ettt

-

29 L. S rgd'"#r
28.8 Y
286
¢ 10 20 30 40
Time (Daya)

0O Supernate + Salt

30.2 . l I I l I .
30 Casc §: Oae Flygt Mixer with 25C IW
29.8 Batch 4 ~ (Individusl) & Cummulative Time
na e _ TInhib*Water (8.8) "$.8 days
i w Dissolution (13.5) 223 days.
2.4 Extra Mixing (7) 2.3 day
29.2 . E. Jet Transfer 2.3) 316 days
o _ . ’\ Sample & Prep. (10) 41.6 days
28.8 X‘; % . ..
28.6 : - . 0
By E O A
282 - 4t

» - 15 —
e 1N ’\;‘h A Ps)
” ' A

- I

. Yose (Days)
O Suparnate  + Galt
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Tenk 37 Waate Temperature (C)

Tenk 37 Weste Tempersture (C)
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Case 6: Two Flygt Mixers with 25C IW (Batch 1-2)

av.s . - Y T
| Case 6: Two Fiygt Mixers vtk 25C TW
ar - Bateh 1 — (Individual) & Cummulative Time | |
. . [ohib"Water (8.8) 8.8 dayc -
-~ . Dissolution (9.5) 18.4 daye
6. g Extra Mixing (7) 5.4 daye .
Jet Transfer (2.3) C 217 days
36 Sample & Prep. (10) 37.7 days -
as.5. |— ' % %%!H‘ .
as M W
34.5 }—— \
\ sTeseed)
34 - ﬁ";
3a.5 sks
a3 —— Sad
0 10 20 a0 40
Time (Days)
0  Supernate +  Salt
34.5 S — T T T T
J Case 6: Two Flygt Mixers with 25C TW
Batch 2 - (Individual) & Cummufative Tim
34 l———% _ ok Wter 15.8) ) ggad:c ime
ALMAALWS XX LD - . . ys
T%%%, Dissolution. (9.6) 18.4 days
aas : Extre Mixing (7) 25.4 days
L] ) Jet Transfer (2.3). 21.7 days
' . Biﬂq Sample & Prep. (10) T days
aa "“:M .
azs ’g:&!’]% -
bl | \\;
aLs a4 _ '\ﬁh\_
o \x\%ﬁw
a5 —— i
0. o .20 : ao <«
Timo Oy

O Supormato.  +  Salt
:v;»:::.u-:fm..‘.:_r K -
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Tank 37 Waste Temperature (C)

Tank 37 Waote Temperature (C)
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Case 6: Two Flygt Mixers with 25C IW (Batch 3-4)

az.z I - T Y Y T T
az Case 6: Two Flygt Mixers with 25C TW -
e —d&%a Brtch 3 - (Individual) & Cumniulative Time
Inhib*Weter (8.8) 2.8 days
3r.6 Dissolution (9.6) 18.4 days =
L4 Bxtre Mixing (7) 25.4 days =
aLz . Jet Transfer (2.3) 27.7 days —
iy 1 g Sample & Prep. (10) 31.7 days i
340.8 s‘ ;'“
30.6 \ -kl‘
TR R
30.4 Se—i
10.2 SX r seFAE
i 'Ry
29.8 - Kin
29.6 :* -+
29.4 Sk .,l..«-m"'"
29.2 .\; ‘?wdn
29 S
288
o 10 20 30 40
Time (Days)
0O Supernate + Salt
30.4 = T T T T T
3oz (]h,,_ Case 6: Two Flygt Mixers with 25C IW —
10 E&q Batch 4 - (Individual) & Cummulstive Time ]
& Inhib*"Water (8.8) 8.8 days
298 o Dissolution (9.6) 18.4 days —
29.6 £y Extra Mixing (7) 25.4 days -
29.4 h g et Trensfer (2.3) 21.7 days A
- Sample & Prep. (10} ILT days
29.2
29 -
28.8 riiiza
286 Xy ‘ B
X \_-;“ . )
N M- - = il Lttt
28.4 , _1? " R Mt‘i‘
28.2 o i et
2a ‘( %&4‘“‘9«4
hEr,
27.6 3 .
27.4 -r"'*
av.2 .
0 10 20 ae 40 -
Timo (Baya)

@ Sopormats ™ 4+ Salk
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Tank 37 Maste Temperature ()

Tank 37 Woote Temperature (C)

38.5

38

1.5

a7

36.5

a6

35.5

a5

37.s

7

36.5

[T}
(-]

as

34.5

14

ia.5

Case 7: One Rlygt Mixer with 50C IW (Batch 1-2)

WSRC-TR-2001-00277, Rev. 0

T 1

Case T: Ono Blygt Mixer with $0C IW

Batch 1 - (@ndividual) & Cummulative Time

[nhib* Weter (8.8) 8.8 duys
Dissolution (9.4) 18.2 deys
Extre Mixing (7) 25.2 days
Jel Transfer (2.3) 21.5 dayz
Sample & Prep. (10) 315 days

i
AY
4] (4] 20 30 40
. Time (Days)
D  Supernate +  Salt
I R B

Case 7: Qoe Flygt Mixer with 50C W

Batch 2 - (Individual) & Cummulative Time
lahib*Water (2.8) 8.8 days
Dissolution (9.4) 18.2 days
Extra Mixing (7) 25.2 days
o % Jet Treasfer (2.3) 2.5 daye
Sample & Prep. (10) 315 daye

-\H; Pttt

o 10
Time

O Supcrnate

20 20

(Dayn)
+ Bait
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Tank 37 Waste Temperature (C}

Tank 37 Waste Temperature (C)

36.5

36

35,5

35

4.5

34

33.5

33

32 s

a8
35.5
35
LS

a4

33
2.5

az
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Case 7: One Fiygt Mixer with S0C IW -(Batch 3-4)

Cise T1-One Flygt Mixer with 50C IW —_
Batch 3 ~ (Individeal) & Cummulative Time
Inhib*Water (8.8) 8.8 days
4 Dissolution (9.4) 18.2 days -
Extra Mixing (7} 25.2 daye
x.«‘“.ﬂ‘ - Jet Traasfer (2.3) 2.5 days ]
) f Sample & Prep. (10) 315 days
¥4
- Ak
Z A8
i ¥
! REIiZiZiEEIIEItssicerctizctsaal
\\ﬁ*w Hs: Y bt
o 10 20 a0 40
Timz {Bays)
0O Supcrnate +  Salt

]

T
i I |

Case 7: Ons Flygt Mixer with 50C [W ]
Batch 4 - (Individual) &; Cummulstive Time

Inhib'Water (8.8) 8.8 diys —]
Dissolution (9.4) 8,2 days

Extre Mixing (7) 5.2 daye ]
Jet Transfer (2.3) 215 dsys

Sampls & Prep. (10)

315 days

%y

MW" HEHHHH

o 10

20
s (ﬂ.-—u}

0 Saperoate + Eeit
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Tank 37 Waaste Temperature (C)

* Tank 37 Waste Temaperature (C)
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Case 8: One Slurry Pump with 25C TW '(Batch_ [-2)

39 v - T T
Caso B: Oue Slutry Pump with 25C [W
as.5 | (Bxteh { - (ndividusl) & Cummulstive Time : %
b Water (8.8) 4.8 daye Sah)
Dissolution (8.1) 16.9 days
38 + Extra Mixing (7) 23.9 days - : —]
fet Transfer (2.3 26.2 days F‘Il
Sample & Prep. (10) © 36.2 days FF JS‘,H"
av.s - ML vy
T T
ENd 03 F fz
a6.5
36 5] I/
LN Wff
\\AW
35 +—
Q 10 20 30 40
Time (Days)
O Supernate 1 Salt
40 - —
[_Cgsc 8:.One Slurry Pump with 25C [w
Batch 2 - (Individual) & Cummulative Time
39.5 | "fohib Water (3.3) 8.8 days %
Dissolution (8.1) 16.9 days 2T
39 | EXtra Mixing (7) 2.9 days
Jet Transfer .0 26.2 days ’
Sample & Prep. (10) 36.2 days
38.5 ! {
28 B g £ e,
avs |— J e 'ﬁr;{
ar ﬁ%‘n 123 EE s B3t f
6.5 |— i f '
T £
%JH%H'&H{HH%*‘(
ae L -
0 10 20 a0 10
Time (Dayn)
O Eupernate + Salt
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Tank 37 Waste Temperature ()

Tank 37 Waste Temperatnre (C)
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Case 8: One Slurry Pump with 25C IW (Batch 3-4)

Ceso 8: Ono Slurry Panmp with 25C TW
Batch 3 - Qndividyal) & Cummutative Tims

0.5 - “IAhib'Water (8.8) 8.8 days
. Dissolution (8. 1) 16.9 days
<0 |- Bxtre Mixing (7) 23.9 days f%%h
Jet Trensfer (2.3) 26.2 days
Sample & Prep. (10) 362 days 13
a5 .
4 .
ag ' a?[ f.' M
B . "‘{-%
/ N
385 :
Y £/
kY. o
\ ‘K ;mf {
ar.s _ 4 o ' -/ B
/
- ™,
36.5 |

0 1Q 20 e 40
Time (Days) .
0 Superneate +  Seall
[ Case 8: One Slurry Pump with 25C [W
Batch-4 - (Individual) & Cummulative Time
[ Inhib'Water (8.8) ‘ 8.8 days '
Dissolution (8.1) - 16.9 days
40.5 | Extra Mixing () ~ 23.9 days -
Jet Transfer (2.3) 26.2 days "%
Sampie & Prep. (10)- 36.2" days :
40 | - %'H‘:‘Q_%
o e ‘jﬂu ' Al ‘
as %ﬁj _ “ f : M
38.5 1% k) ' Jf f,
as - E oqs{%ba ' J{ y
av.5 S, _ I
aw s‘k“w Y
o 10 20 20 £0
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Tank 37 Wacte Temperature <)

Tenk 37 Waote Teruperature (C)
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36.5

36

a5.5

35

34.5

34

33.5

33

a5

34.5

a4

3a.5

aa

a2.5

‘32

aLs

at

a0.5

TV wddv— - -

Case 9: Three Rlygt Mixers with 25C TW (Batch [-2)

Cass 9: Threo Flypt Mixers with 25C W
S . : . | Batch L - (Individual) & Cummulative Time
Tnhib*Water (8.8) 8.8 days
Dissolution (7.8) 16.6 days
1 Bxtra Mixing (7) 23.6 days
Jet Transfer (2.3) 25.9 days
Szmple & Prep. (10} 15.9 days
\‘ o
FHIAIT m
X\ ot
o} 10 20 30 40
Time (Days)
D  Supernate +  Salt

Casc 9: Three Flygt Mixers with 25C [W

I

Bateh 2 - (Individual) & Cummulative Time ]
g Inhib" Water (8.8) 83 days
Dissolution (7.8) 16.6 days

] %h— Extre Mixing (7) 23.6 days .
] “*ﬂs& Tet Transfer (2.3) 25.9 days

)!??g Saxmple & Prep. (10) 359 days -
"i\ L e ‘
5B
s
— LTl gt
iﬁ"ﬁ
o 0 20 ao 40

Time (Days)

0 Gopemate  +  galt
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Teank 37 Weote Temperature (C)

Tank 37 Waote Temperature (€}
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Case 9: Three Flygt Mixers w1th 25C IW (Batch 3-4)

326
22.4 Cuc9 meowgthmmmzscm i
322 % Buatch 3 ~ (Individual) & Cummulative Time

i g : Inhib"Water (8.8) 8.8 diye i

—‘q‘_qi Dissolution (7.8) 16.6 days 7

ara W ?xu: Mifing %) 23.6 days .
aLe fe. . o Toansler 2.3) 15.9 days -
atq “H*“*m, }{ Sample & Prep. (10) 35.9 days _
3.2

31
0.8 A4 : 'l
30.6 b 1 ﬁﬁﬁgﬂ =
30_4 S-\h 3 -
a0.2 +

A & all i

a0 H—_qu-'
29.8 }—o ,,;;F& A
206 —\W
29.4 }— . *f
29.2 ¥ L

0 L0 20 ao 40
Time (Days)

O Supernate +  Salt

ar T ' . . -

20.8 Case 9: Three Flygt Mixers with 25C EW

/

30.6 7 ] _ { Batoh 4 - (Individyal) & Cummulative Time | |
04 a1 Iohib"Water (8.8) 8.8 days )
- ‘\_‘ Dissolution (7.8) 16.6 days
ao.z2 M Ji“ Extra Mixing (7). 23.6 days
a0 ey, oy Jet Transfer (2.3) 25.9 days
208 | TN Sample & Prep. (10) 35.9 days

s R W
29.4 AR '

29.2 | R o
25 - L) - ettt .
28.8 i s‘ ‘ W :JM M
26.6 \ & i i
- ~ ra
£8.2 LIy SN i | W
" NG

Timo (Days)
1 Supcrante .+ Balt



Tank 37 Waate Temperature (C)

Tenk 37 Waate Temperature (c)
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Case 10: One Flygt Mixer with 75C [W (Batch 1-2)

£0.5
T T ! [ 1
o m Case 10: Oae Flygt Mixee with 75C IW -
Batch | - (Individuel) 8 Cummuistive Time '
105 Iohib"Water (5.8) $.8 duys 1
- : Dissofution (7.2) 16.0 daye
xs - Extrs Mixing (7) 20 days
F /\ Jet Transfer (2.3) 25.3 days | ]
was Jg & Sample & Prep. (10) 353 days

38

AV
l /f N -
37}‘ ,/ \ﬁﬂm —

36.
5 W‘H"—H»{.
36 -
as.5
o 10 20 a0 0
Time {Days)
0O Supernate + Sall
“ l T | T t
£0.5 i Case 10: One Flygt Mixer with 75C IW 1
) | Batch 2 - (Individual) & Cummulative Time
o Inhib' Water (8.8) 8.8 days .
Q- Dissolution (7.2} 16.0 days
Extra Mixing (7 23.0 days L
39.5 Yet Transfer (2.3) 25.3 days
. Sample & Prep. (10} 35.3 days
a9 f : —
8.5 7 _ _
ars h Z NG ]
a7 K, R
f AT
26.5
a6
] [ ] 20 a0 £0
Time (Dayo)

Q Supecrnete + Bealt



Tank 37 Waste Temperature (C)

Tank 37 Waete Temperature (C)
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40
39.5
39
38.5

a8
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36.5

415
41
40.5
40
ass
a9
aa8.5
aa
s
a7
36.5

a6
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Case- 10 One Flygt Mixer with 75C IW (Batch 3-4)

: [ i i 1 i
‘Casc 10: Oae Flygt Mixer with 75C [W
Batch 3 ~ (Individual) & Cummulative Time
Inhib'Water (8.8) 88 days
" Dissolution (7.2) 16.0 days
Extra Mixing (7) 23.0 days
- Jet Transfer (2.3) 253 days
\ Sample & Prep. (10) 35.3 days
mmﬂn
4 / i AELEEY o
/ A |
pess e *.:.:::::,W'1
M
4] 10 20 a0 40
Time (Days)
0 Suptrnate +  Salt
l I | [ |
Case 10: Ons Flygt Mixer with 75C IW
Batch 4 - (Individual) & Cummulative Time
Lohib*Water (8.8) 8.8 day
Dissolution (7.2) 16.0 days
Fry [~ Extre Mixing (7) 2.0 days
1 Jet Transfer (2.3) 253 days
Sample & Prep. (10) 35.3 days
p \ bﬂ
/ X‘x
Hegd r
] 10 20 a0 £0
Time (Deya)
O Gupernate + Sedt

87



Tank 37 Waste Temperature (<)

Tank 37 Waate Temperature (C}
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Case 11: Two Rlygt Mixers with 50C IW (Batch 1-2)

ag.5 _'—"-—

T T — L
'—‘—-————_.___ -
Cese 11: Two Plygt Mixers with soC Iw
a8 e Bateh | - (Tndividual) & Cummuletive Tims | |
5 Iohib*Weter (3.8) 8.8 days
L& Dissolution (6.6) (5.4 days
av.s 3 Extra Mixing (7) 22.4 days . -
: Tet Transfer (2.3) 24.7 days
Stmple & Prep. (10) 34.7 days
37— :
g5 — 2 \‘ &
26 \ W%
35.5 \iw
a5 S\w_.*‘-ﬂ;'uﬂ%mu A HH+
ses S
o 10 20 30
Time (Days)
0O Supernate + Salt
avs F———-———ﬁ,k T —— T -1
. Case I1: Two Flygt Mixers with SOC [W
av \ Batch 2 ~ {Iadividualy & Cummuiative Time
Inhib*Water (8.8) 8.8 days
p ﬁ‘ Dissolution (6.6) (5.4 days
3s.5 |— BExtra Mixing (7) 22.4 days
‘xkl Fet Tr_msfcr(z.:i) 24.7 days
a6 _'EJ“'\ Sample & Prep. (16) 4.7 days
‘ = \
N fﬁ R
35—y X :
,w
a4.5 \ —
ae 3 MWM-H-&W
aas L
Q 0 20 a0
Time. (Days)
Q ‘Guperpate 4 Salt
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WSRC-TR-2001-00277, Rev.

Case 11 Two Flygt Mixers with 50C IW (Batch. 3-4)

)

r

,,.’]Aad
]

[ /]

hd
X

7

T T T RN B

" [ Case 11t Two Fiygt Miners with 500 TW
Batch 3 - (@adividual) & Cummulstive Time |
Inhib'Water (8.8)

8.8 dayc
Dissolution (6.6) 15.4 days
Exira Mixing (7) 22.4 days

- Fei Transfer (2.3) 24.7 days -
Sample & Prep. (10) 34.7 days

|\

.f"

10

20 30

Time (Days)

O Supernatc

+ Salt

i 1 | : ]

Case 11: Two Fiygt Mixers with S0C W
Batch 4 - (Individual) & Cummutative Time

Inhib'Water (8.8) 8.8 days
" Dissolution (6.6) 5.4 days
‘Extra Mixing (7) 2.4 days
Jét Transfer (2.3) 4.7 days
Sample & Prep, (10) 34,7 daye

iyt

¥ X
\(% ﬂﬁﬁ ‘ "
Jw | gttt St i
o 10 o a
. Time (Days)
;.- Bopernats '-&'&5 Balg
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Tank 3837 Weete Temperature (C)
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Case 12: One Slurry Pumps with SOC IW (Batch 1-2)

Caso 12: Ono Slorry Pump with SOCIW
Batch { ~ (@ndividual) & Cummulstive Tims

7.5

37

36.5

36

42

£1

£0.5

40

a9.5

39

38.5

asa

[nhib"Water (6.8) 8.8 days
Dizsolution (5.7) 4.5 days
Bxtre Mixing (N 2L.5 days
[ Tet Treasfer (2.3) 23.8 days 1
L Sample & Prep. (10) C 338 days m&mﬂifﬂﬂn;m
id_ IRy,
- E M_ﬁ W
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& I 1F /7
ey g f
& it é
0 Lo 20 3o
Timec (Days)
O Supecrnate T4+ . Salt
— (B3ta
E‘%
— : %1151_
h o
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g5t -q?%ﬁé;ﬁ /
dﬁ,ﬁ""‘k 7
P %z
o 10 2@7 20
O - Gtperrinte - € Galt
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Case 12 One Slurry Pumps with 50C IW (Batch 3-4)

€a.5 Y Y . T
Case i2: Oae Slucry Pump with 50C [W
43 [ Batch 3 - (Individusl) & Cummuletive Time
Tnhib*Water (8.8) 8.8 days M
iz | Dissolution (5.7) 14.5 days
Extra Mixing (7) _ 2.5 days “%ﬁ _
et Trensfer (2.3) . 23.8 days ﬂ%
2r Sample & Prep. (10) -33.8 days Jﬁ[ ; B3y
iL5 Mw :
_,.;‘ﬁﬁgj_ #J_ _ Jﬁu 1?{ M
41 d__A M%W
£0.5 "f g
40 Mﬂ..uﬂ‘ Ni‘i\ f?fz
39.5 V-
e
0 10 20 30
Time (Days)
0 Supernate + Salt
44— T g T T T
Case 12: One Slurry Pump with 50C W
s b Batch 4 - (Individual) & Cummulative Time I
) Inhib'Water (8.8) 8.8 days b L
Dissolution (5.7) 14.5 days ' Ef
43 |- Bxtra Mixing (7) 21.5 days q
Jet Transfer (2.3) 23.8 days
Sample & Prep, (10) 33.8 days % .
<25 _ ZE
@2 1M i gﬂl{f - W"’%
4£1.5 - — ? "W.,q_
£1L M“*Mi '
£0.5 .S‘X j
40

- A ___\
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Tank 37 Waste Temperature (C}
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Case 13: Three Flygt Mixers with S0C TW (Batch 1-2)

Extre Mixing (7) 21.3 days
Jet Transfer (2.3) 23.6 days

— Caso 13: Thres Flyet Mixers -h& soow 1
,aﬁ@ Bateh 1 - (Iadividusl) & Cimmulative Time
A Tahib*Water (3.8) 8.8 diys
L Dissolution (5.5) 143 days

i
Ik
% ﬁ)L - Sample & Prep. (10) 33.6 days

=

X
U™

Time (Daya)
0 Supernate + Saly

* L) T

Case 13:.Three Flygt Mixers with 50C IW

1 IBatch2~ (Individusl) & Cummulsti

_ —3 - wmu‘o l.ll-u.G
A ahib Water (8.8) 8.8 days
qul” Dissoiuti‘on (5.5) 14.3 days
vsﬂ Extra Mixing (7) 213 days
: Jet Transfer (2.3 23,
,,QFF ™ 1 2. )““ 6 days

: _ & Szmple & Prep: (10) 336 du
7 fx % i

(=
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l\- — e S T
\d :
'[‘hnc
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Tapk 37 Waste Temperature (C)
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Case 13 Three Flygt Mixers with S0C IW (Batch 3-4)

- &Y — T T o - L D
36.8 -— : Caso 13: Threo Flygt Mixers with S6C IW © |
36.6 - - - Biatch 3 - (lndividual) & Cummulstive Time
16.4 i Lohib*Water (3.8) 8.8 days i
6.2 R Dissolution (5.5) 143 day i
a6 R 9 Extre Mixing (7) 213 days
as.e Jﬁg ) 5{ Jet Trenster (2.3) 23.6 days T
as 6 ‘ rﬁ.\'—' f u{ Sample & Prep. (10) 13,6 days
Pl
is.2 : f; T\- 5{

as
ace l— Lt & A
34.6 . i \ l‘_ fa m ESE: ) -
oy YA .
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34 e \ + AT '
3a.e \,‘ M“*ﬁ
33.6 —— — :
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0 ) 20 30
Time (Days)
0O Supernate +  Salt
36.5 r T L T T
Case 13: Threo Fiypt Mixers with S0C w
o 2 Batch 4 - (Individual) & Cummulative Time
36 £ Inhib*Water (8.8) 8.8 days ]
EL‘ Dissolution (5.5) 14.3 days

16.5 Bxtra-Mixing (7) 213 days -

] Jet Transfer 2.3) 23.6 days
y fs \%‘l Sample & Prep. (10) 33.6 days
35 |- ﬁF‘ L(!'F - —
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Case 14: Two Flygt Mixers with 75C IW (Batch 1-2)

40.5 —y Y T i
1 | * [Ceso 14: Twio Flygt Mixecs with 150 W
<0 . S = | Bateh I - (ndividual) & Cummulstive Time
n‘-f ‘ Inhib'Watsr (8.8) 8.8 days
as.s Dissolution (4.7) 13.5 days
gf Bxtra Mixing (7) 20.5 days
39 # - Tet Traaster (2.3) 22.8 days
g r? ) Sample & Prep. (10} 32.8 days
aas fi \
a8 ’#—? 4 3 (3 :
ar.s d : f eeEEizEhad : EEmﬁE”-
AR
6.5 e
36
35.5
o 4 8 L2 16 20 24 28 . 3z
Time (Days)

O  Supernate +  Salt

4l T T T T T T LI R ¢ T

ﬂ Case 14: Two Flygt Mixers with 75C (W
40.5 o Bateh 2 - (Individual) & Cummulstive Time
_F?r Inhib'Water (8.8) 8.8 days
£0 : Dissolution (4.7) [3.5 days
' Eﬂ" "Si' Extra Mixing (7) 20.5 days
sasl— L 1 1 A& |x Jet Transfer @.3) 2.8 duys

EF" f'g ﬂ "~ ", Sample & Prep. (10) 32.8 days

a9 ;
285 ﬁr A _ X !‘i
d 17 y
as f . 1 i i aﬁamﬂ%
av.s f 7 ’\
ar | \MWH‘HM%M
36.5
o 4 a 12 LGV 20 24 28 az
Time (Dayz)
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Case 14 Two Flygt Mixers with 75C ITW (Batch 3_—4)

£1.5 T T T T T T T 1 T
P Case 14: Two Flygt Mixers with 75C TW
£ 1 &i - Batch 3 - (ndividoel) & Commulztive Time l
mz ' Iohib*Water (3.8) 8.8 days
40.5 Dissolution (4.7) 13.5 daysc .
F!ﬁa : Bxtra Mixing (7) 20.5 days )
40 ?? Jet Trensfer (2.3} 22.8 days )
8& Sample & Prep. (10) 32.8 daye
39,5 |—— £
RERFNANR
P
aas . 10 J
as 3
q f \ “‘ﬁ‘ﬂ
3725 A e
/Z T g -
a7 A iy
36.5 - B——
£ & 12 ) 16 20 24 28 32
Time (Days)
O Supernate +  Salt
1.5
Case 14: Two Flygt Mixers with 75C Iw
41 Bateh 4 - {Individual) & Cummulative Time -
szf i Inkib"Water (8.8) 8.8 days
£0.5 ﬂ Dissolution (4.7} 13.5 days ]
R Exire Mixing (7) 20.5 days
© A &{ : . Jet Transfer (2.3) 22.8 daye R
1.?; iﬂ& Sample & Prep. (10) 32.8 days
39.5 ?‘- s&m
as 7 f é‘ :
38.5 "F BL
aa Z 6& £:
: g \( %;‘Bﬂm
s || L
&l A q I 111*‘-
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av bt T
36.5
V] £ 8 12 16 20 24 a8 32
Time (Dayn)
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Tank 37 Weate Temperature (C)
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Case IS One Slurry Pump with 75C IW (Batch 1-2)

Gaso 151 Oas Flicry Poap wAGTRG T,
Batch I - (Individualy & Cummulattyo Timo .

YY DL - AL s s

Py k. U

Inhib' Water (8.8) 8.8, dayc
Dissplution (4.3) [3.0t days
Extra Mixiog (7) 20.1 days
[_ Jet Transfer (2.3) 224 days
Sample & Prep. (10) - 324 dayc
JMM%
: ?@d‘ ” feEze? 5
- ff .
AL A
Fi ﬁ‘i rl
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W
o] 4 a 12 s 20 24 28 az2
Time (Da.ya.)
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Lo Ve (D).
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Case 15: One Slurry Pump with 75C IW (Batch 3—4)

Case 15 Ons Elurry Pomp vith 75C TW
Batch 3 - (Individusl) & Cummulstive Time
[nhib*Water (8.8) 8.8 days
Dissolution (4.3) 3.1 deys
Extre Mixizg (7) 20,1 duys
47 — et Toensifer (1.3) 22.4" days
Semple & Prep, {10} 32.4 days
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Case 16: Three Flygt Mixers with 75C [W (Batch 1-2)

. O.-Giperante | 4+ Salt

40.5 S A e st ma D O
© 8l . Case 16: Threo Flygt Mixers with 75C [W-
52, d Batch 1 ~ (Individusl) & Cummwlstive Time |
mpS -k Inhlo* Water (3.8) T 8.8 daye
as.s pf‘ﬂ“ Dissolution (3.8) 2.6 daye -
K d& Extra Mixing (7) 19.6 days
ag ?ﬁ- Fet Transfer (2.3) 219 days -
. \ BL Szmple & Prep, (10) 319 days
8.5 = } l\ : [
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36.5 Z
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0 £ 8 L2 % 20 24 28 az
Time (Du.ya)
0O Supecrnate + Salt
415 T —T T ¥ T T T
. @ ! Case 16: Three Flygt Mixers with 75C TW
41 it Batch 2 - (Individual) & Cummulative Time | =
nﬁ" Inbit' Water (2.8) 8.8 diys
40.5 Dissolution (3.8) 12.6 days
F ﬁ‘ Bxtra Mixing (T) 19.6 days
40 i+ Jet Transfer (2.3) 219 days
f Xﬂ '\ Sample & Prep. (10) 319 days
a9 2 i
a2 : f \- \
C AL [\ T T
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aﬂ l]J k_ 3
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36.5
o < 8 12 16 20 2¢ 28 a2
Time: (Deye) '
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Case 16: Three Flygt Mixers with 75C [W (Batch 3-4),

T T T 1 T T 171
. Case 16: Three Flygt Mixecs with 75C IW -
4LS Batch 3 ~ (Individual) & Cummulative Time |
AJJ Inkib'Water (8.8) 8.8 days
{1 Dissolution (3.8) 2,6 days -
- EL Extrs Mixing (7) 19.6 days
0.5 PA Jet Transfer (2.3) 219 days |
a}\" ) Sample & Prep. (10) LY days
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- HERE: Case 16: Three Flygt Mixers with 75C I'W ]
= F },‘ Batch 4 - (Individual) & Cummlative Time
JX Tahib Water (8.8) 8.8 daye
£1.5 ZF}" ~— Dissolution @.8) 12.6 days ]
r " Brtre Mixing (T} 19.6 days
41 ,‘ Jet Transfer (2.3) 21.9 days _
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