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Introduction

As needed, caustic (NaOH) solutions are used to maintain the pH of waste tank contents within acceptable
litmus to minimize stress corrosion considerations. The caustic solution may be supplied by offsite vendors via
one or more 4000 gallon tanker trucks or mixed at onsite facilities. The solution strength may vary from 5 to 50
weight percent NaOH. In addition, the solution may, depending on the tank, be transported through a variety of
different pipes and may be routed through a metering pump and a mixer pump, or merely pumped (at pressures
as high as 125 psi) in through an available riser. :

The Hazard Analysis for the Hanford Tank Farms identified a caustic spray release at tank 241-AN-107 as an
accident capable of challenging the risk acceptance guidelines at the Hanford Nuclear Reservation[1]. This
calcnote analyzes the consequences from a potential caustic spray release during transfer from a supply tanker
truck to a generic storage tank. Only NaOH caustic solutions are analyzed.

The postulated accident is that a small crack occurs in the piping during a caustic transfer which leads to a spray
release of caustic solution to the atmosphere. The release rate of respirable particles is calculated based on
conservatively chosen physical parameters and a slit width which is optimized for-the generation of respirable
particles.
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Input:

1.
2.

The only caustic material under consideration is NaOH.

The kinematic viscosity of NaOH as a function of temperature for various aqueous solutions is given in
Figure 1. : .
The density of NaOH as a function of temperature for vérious aqueous solutions is given in Table 1.[2)

The maximum pressure which can be generated during a caustic’ addition is 125 psi. This is the peak
pressure of the largest compressor available for use at the tank farms.

- The peak temperature of the caustic solution is less than 50°C. The offsite vendor for 50% caustic solutions

loads the tanker truck at 120°F (49°C). The tanker is unheated.

Per facility request, piping wall thicknesses as small as that corresponding to 1 inch diameter commercial
grade Schedule 10 steel pipe and as large as 2 inch diameter crosslinked polyethylene hose were considered.
The calculations were actually carried for the smaller Schedule 5 steel pipe as well. The wall thicknesses are
listed in Table 8.7.3 of reference 3 and are repeated in Table 2 below.

The thickness of the 2 inch diameter polyethelene piping is 25/64 of an inch.[Appendix D]

The X/Q value for maximally exposed‘ offsite receptor is 2.83E-5 s/m’.[4] This is “less than 1 hour” value as
selected by the FSAR methodology. The time frame for the accident is assumed to 15 minutes since the risk
acceptance guideline is stated in terms of Peak 15 minute average concentration. Therefore, while the
accident may occur over a longer time frame, the consequence calculation is only concerned with the
dispersion occurring during the worst 15 minutes. ' :
The X/Q value for onsite receptor 100 m from the release is 3.41E-2 s/m3.[4] The time frame for the
accident is assumed to 15 minutes since the risk acceptance guideline is stated in terms of Peak 15 minute
average concentration. Therefore, while the accident may occur over a longer time frame, the consequence
calculatign is only concerned with the dispersion occurring during the worst 15 minutes.
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Table 1. Density of NaOH solutions.[2] (Underlined numbers are interpolated.)

1.0033 0.9941
1.0138 3¢ 1.0045
1.0352 | 1.0254
10780 | 128 1.0676
11210 1.1101
1.1536 _ : 1.1424
1.1645 ’ 1.1531
1.2079 v 1.1960
1.2512 1.2388
1.2942 : 1.2814
1.3152 1.3023
1.3362 29 1.3232
1.3768 1 1.3634
1.4164 09 1.4027
1.4545 ] 1.4405
1.4922 : 1.4781
15109 | :  1.4967
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Table 2. Wall thickness for 1 inch diameter commercial steel piping.

Commercial Steel Pipe Schedule

Wall thickness for 1 inch diameter
pipe, inches

58
108
40 or Standard
80 or XS
160
XXS

0.065
0.109
0.133
0.179
0.250
0.358
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Assumptions:

1. The caustic concentration at the location of the onsite receptor due to a simple tanker truck spill is negligible
relative to the spray release. This is an acceptable assumption since the release fraction from a spill should
be much less than that from a pressurized release and the aerodynamic entrainment from the pool surface
should be negligible compared to the release from a spray release.

2. The spray release occurs through a slit type opening rather than an orifice opening. This is equivalent to - v
assuming that the spray release occurs as a result of cracking or a loose coupling rather than a puncture.
This is a conservative assumption since the peak respirable releases from slits always bounds the peak
respirable releases from orifices. ‘ :

3. The effective surface roughness inside the slit or orifice is at least as rough as a typical steel pipe (¢~0.0018
inch).

4. The depth of the slit is no less than the nominal thickness of the pipe wall. This is conservative since the
flow path through the pipe wall is likely to be tortuous and significantly lc;nger than the nominal thickness
of the pipe. '

5. The contraction loss coefficient for the leak is assumed to be 1.0 as appropriate for cracks which are not
similar to sharp edge orifices.

6. The velocity loss coefficient is assumed to be 0.82 as is appropriate for pipe flow without engineered entry
and exit geometries.[See reference 5.]
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Analytical Methods and Calculations:
Spray release model

The rate of release of potentially respirable caustic material was conservatively estimated using the SPRAY32
program to determine the size of opening in the piping which causes the largest release of respirable particles.
This program is described in reference 5. The input variables are listed in Table 3.

Table 3. Input variables for SPRAY32.

Mode Flag to select an orifice or a slit This flag is conservatively set to slit
(=1) for all calculations.
Friction Factor Flag Flag to ‘select  laminar flow, | See below.
‘ turbulent flow, or let the program .
) select
Flow Determination Flag Flag to have the program determine | This flag was set to have the code

the optimum hole size, specify a | calculate ‘the optimum slit width for
hole diameter, or specify the | generating respirable particles.
Reynolds number

Starting Particle Size size of smallest particle bin This input value only effects the
particle binning in the output which
is immaterial in the respirable release
calculation.

Geometric Step Size particle distribution step size This input value only effects the
particle binning in the output which
is immaterial in the respirable release
calculation.

Number of Intervals number of particle bins This input value only effects the
particle binning in the output which
is immaterial in the respirable release

_ calculation.
Initial Slit Width or Orifice | Slit width in inches. Since the calculations were all run in
Diameter optimization mode, this is an unused

input value.
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Slit Length

Slit length in inches.

This input value was set'1 inch for all
calculations. The release values were
then scaled to the appropriate slit
length in an Excel spreadsheet; see
below.

Slit or Orifice Depth

Crack depth in inches.

Varied based on pipe size; see below.

Reynolds Number

Reynolds number of the flow in the
slit or orifice.

Since the calculations were all run in
optimization mode, this is an unused
input value.

Pressure Differential

Driving pressure in psi.

Various; see below.

Absolute Surface Roughness

Roughness for flow in the slit or
crifice, in inches.

£=0.0018 inches; see assumption 3.

Contraction Coefficient

Cc for minor losses

Cc=1.0 for all calculations; see
assumption 5.

Velocity Coefficient Cy for minor losses. Cy=0.82 for all calculations; see
. assumption 6.
Fluid Density Density in gnv/l. Corrected  for temperature and

concentration of caustic solution; see
input data 3.

Dynamic Viscosity

Viscosity in centiPoise.

Corrected for temperature and
concentration of caustic solution; see

input data 2.

Respirable Diameter

Maximum diameter of generated
particles which are included in the
calculation of respirable release
rate.

Varied from 10 to 46 pum; see below.

Fitting constant, q

‘| An empirically determined constant

to fit Sauter Mean Diameter data
for particle distributions.

q=2.4 for all calculations; see below.
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Friction F. E]
All caleulations were initially performed allowing the code to select laminar or turbulent flow relations for
friction factor. For those calculations where the optimum Reynolds number was in the critical flow range (2000

to 4000), the code occasionally could not converge to a solution. In such instances, the Friction Factor Flag was
set laminar in order to provide conservative' results.

Effect of Slit Depth (Thick £ Pipe Wall)
The slit or orifice depth is a critical parameter since it directly effects the flow resistance caléulations through
the resistance coefficient, K = fL/D. Higher flow resistance results in a reduction of the leak rate so using
smaller depths (i.e. thinner pipes) results in a larger release. A series of calculations was run to determine the
maximum allowable system pressure for various pipe wall thicknesses. At the request of the facility,
calculations were run to determine the maximum allowable system pressure for wall thicknesses corresponding
to various 1 inch diameter commercial steel pipes. The facility also asked for'calculations corresponding to the
wall thickness of the 2 inch diameter crosslinked polyethylene hose used for caustic transfer at tank 241-AN-
107.

Effect of Evaporation on Liquid Particles

As the liquid caustic solution particles are transported by the atmosphere, the water of solution may evaporate
and reduce the size of the particle. Thus, some of the released particle which are initially larger than 10um
(respirable cutoff) may decrease in size so that by the time they reach the site boundary they are respirable.
Since amount of water in the released caustic solution varies with solution strength, the respirable diameter for
the spray release was calculated for each solution strength considered using the formula from the SPRAY
documentation[5].

Equation 1
10pm
Drt:p 3
A
The respirable diameter calculation was based on the conservative assumption that all of the water associated

with the released liquid particles evaporates (thus reducing the size of the particle) prior to reaching the receptor.
The fraction of droplets generated by a spray release which is respirable at the offsite receptor includes all of

'In lhlS flow regune, the laminar friction factor is smaller than the turbulent friction factor. The reduced friction allows a higher flow

rate through the slit and a correspondingly larger number of respirable particles.
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those droplets larger than 10 um which may evaporate down to 10 pm or less. For solution strength ranging
from 1 to 50 weight percent, the respirable diameter input for offsite calculations varies from 46 pm to 13 pm,
respectively. The onsite receptor is located 100 m from the spray so the travel time of the pamcles is short (less
than a minute). Thus, the evaporation mechanism was neglected for onsite calculations.

: tean Di Fitting C.

The fitting constant, q, was set to 2.4 for all calculations. The purpose of this constant is to match the Sauter
Mean diameter to experimental data. Smaller values to q correspond to flatter distributions and elevated
respirable releases. The value of 2.4 is smaller than the lowest value of q which adequately reproduces
experimental data.[5)

The dynamic viscosity of NaOH solutions changes significantly with temperature and solution strength. In
addition, the actual concentration of NaOH at the receptor is also a function of solution strengthThe viscosity
decreases with i mcreasmg temperature so higher temperature correspond to larger releases from the crack (less
resistance to flow through the crack). The temperature effect was bounded by using Input Data #3. As the
viscosity changes, the optimum crack width changes and the total NaOH in the form of respirable particles
changes. The effect of solution strength was accounted for by running a number of SPRAY32 with various
solution strengths to determine the bounding consequence for each receptor, :
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Results:

Solution strength for Bounding Consequences

As the solution strength decreases, the leak path provides less resistance and more material is released. The
total NaOH, release, however, decreases since the solution strength has decreased. The competing effects were
investigated by running SPRAY32 for a variety of solution strengths holding all other input variables constant.
Specifically, the comparison was made for the bounding offsite case of Schedule 5 piping and 125 psi driving
pressure.  The results are shown in Figure 2 and the SPRAY32 output are included in Appendix B. The
optimum solution strength for releasing NaOH is around 10 to 15 weight percent (about 6 molar). The
calculations below use 10 weight percent.
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Figure 2. Concentration as a function of solution
strength.

Offsite Concentration of NaOH

The first set of calculations performed were to determine a bounding offsite concentration due to NaOH spray
releases. Based on input from the facility, the highest driving pressure that could be generated for a. caustic
transfer is 125 psi. The SPRAY32 code was run with a pressure of 125 psi using the thinnest ! inch diameter
commercial steel pipe (Schedule 5) and a slit length of 1 inch. The results were then scaled using a 30 inch slit
length. The SPRAY32 output file is included in Appendix C. Applying the offsite dispersion coefficient to the
total respirable release, the highest 15 minute average concentration at the site boundary is




WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126
Sheet No. 19 of 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

Equation 2

=(a;

The offsite risk acceptance guxdelme for an anticipated chemical release is the PEL-TWA. For NaOH, the PEL-
TWA is 2.0 mg/m The corresponding fraction is 0.94.

)(30 1nches{1000—-)(2 83x10% = )( 010 £ Na(?H) — 135 g NeOH
gram solution m?

Onsite Concentration of NaOH
As a first estimate of the onsite consequences, the onsite concentration at 100 m was calculated using the same
conditions as for the offsite calculation, including the conservative assumption that the particle sizes are reduced
by evaporation before the cloud reaches the receptor. The SPRAY32 output files are included in Appendix C.
Applying the onsite dispersion coefficient to the total respirable releaseé, the highest 15 minute average
concentration 100 m from the release is

Equation 3

c= (2'2.1 --.5—) (30 inchesil 000 ﬂ)(m x10° %)(0.10 grams NaC,)H] = 2260 28 NaOH
s-inch g m gram solution m

The onsite risk acceptance guideline for an anticipated c.hemical release is the ERPG-1. For NaOH, the ERPG-1
is 2.0 mg/m’. The corresponding fraction is 1130. Thus, the conservative calculation for onsite consequences is
well above the guidelines using the same conditions as the offsite consequence calculation, Note that if the
accident were considered in the extremely unlikely frequency bin, the conservative onsite consequence
calculation would still be over the risk acceptance guidelines by a factor of 23.

At a control-meeting held at the end of May, the facility agreed to use a Safety Significant pressure relief device
to limit the driving force behind potential caustic spra)l/ releases and remain within the risk acceptance
guidelines. Since the facility may be using a variety of different pipes and hoses for NaOH transfers,
calculations were performed to determine the highest pressure for which the spray release is still below the risk
acceptance guidelines. The pressure was determined as a function of pipe wall thickness. The range of wall
thicknesses was based on the 1 inch diarneter commercial steel piping ranging from Schedule 5 to Schedule
XXS and also included one data point to account for the use of 2 inch diameter crosslinked polyetheleﬂe hose as
described in the 241-AN-107 caustic addition system[6). As for the offsite calculations, the SPRAY32 code was
run in optimization mode assuming a 1 inch slit. Evaporation effects were neglected for the onsite calculations
since the travel time of the liquid pamcles to the onsite receptor is less than a minute. The respirable releases
were then scaled to a 30 inch long slit. The results are tabulated i in Table 4 along with the calculated onsite
consequences.
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Table 4. Onsite consequences for various pipe thicknesses

Pipe Diameter Wall Pressure, | Respirable | Respirable | Concentration| Sum of
Schedule thickness, psi release for 1 | release for 30 at100m fraction
inches inch slit, g/s | inch slit, g/s
5 1 0.065 8 0.0171 ° 0.513 1.75 0.87
10 1 0.109 10 0.0171 0.513 175 0.87
40 1 0.133 11 0.0175 0.525 1.79 0.90
80 1 0.179 13 0.0190 0.570 1.94 0.97
160 1 0.250 15 0.0189 0.567 1.93 -0.97
XXS 1 0.358 17 0.0177 - 0.531 1.81 0.91
2" dia. 2 0.391 18 0.0185 0.555 - 1.89 0.95
poly- ‘
ethylene

Note that the consequences were calculated by substituting the appropriate release rate into equation 3 above.
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Conclusion:
Based on the offSite concentrations, no safety class SSCs or TSRs are required for NaOH transfers.

Based on the onsite concentration calculations, the step curve in Figure 3 represents the maximum system
pressure limits as a function of pipe wall thickness. Any pipe wall thickness and system pressure combination
which falls below the step curve will result in acceptable onsite consequences for an NaOH spray release.

In reality, the consequences calculated here are very conservative for a number of reasons.

¢ The calculations assume that the slit width is always the optimum size for generating respirable particle.

" Especially for a long slit, the width is likely to vary significantly from end to end. Either doubling or halving
the slit width will result in a significant reduction (50 to 90%) in the amount of respirable material released.

" Slits that are 30 inches long (as assumed in this calculation) are likely to be much wider in the center than

toward the ends, thus producing fewer respirable particles and simultaneously reducing the internal driving
pressure by allowing more substantial amounts of fluid to leak out. If the leak is large enough, it can no
longer be considered a spray release and would be treated as a spill with a reduced consequence.

 For the offsite calculations, the assumption that all of the water of solution evaporates and some of the large
particles are reduced down to respirable sizes neglects the effects of agglomeration and deposition of large
liquid particles. B

 The likelihood of long undetected cracks which produce large amounts of liquid particles is probably
unlikely or extremely unlikely. All of the scenarios considered here, however, were conservatively
compared to anticipated guidelines,

¢ The flow'resistance through the slit should be significantly more than in the above calculations since a thin
crack is likely to have a tortuous flow path. The increased resistance will reduce the total flow through the
crack. ;
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Maximum system pressure, psi

0.100 0.200 0.300 0.400
Pipe Wall thickness, inches : H

Figure 3. Allowable system pressure for various pipe

wall thicknesses.
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Appendix A

Maximum slit length determination

Although the following methodology was not used in the final version of the calcnote, some of the earlier
decisions were based on calculations using this method in conjunction with the system description for 241-AN-
107 caustic additions. When the calculation was broadened 10 include other NaOH transfer where the flow rate
and pressure would not be restricted by the metering pump performance, the method became indeterminant
without placing an additional safety significant restriction on the facility to regulate the maximum flowrate.
Given a flowrate inside the pipe, a bounding slit length can be determined based on the parameters of the
problem rather than an engineering judgement regarding the maximum length of a crack. The drawback,
however, is that this method can lead to extremely large crack lengths if an independent flow rate restriction
can not be imposed. Such considerations led to use of a maximum crack length of 30 inches in the body of the
calcnote. The discussion is included for information only. -

The choice of bounding values for most of the SPRAY parameters is fairly straight forward. The slit could,
however, be in either the circumferential or longitudinal directions depending on the type of pipe and the cause
of the failure so selecting a bounding the slit length is not obvious. A simple assumption of 2 inches (as used in
the ASA) has no basis. This is an important parameter since the code optimizes the slit width with no
consideration for the slit length but calculates the release rate based on the cross-sectional area of the slit. Thus,
the release rate scales linearly with the slit length.

Since the slit length is independent of the remaining variables in the SPRAY model and there is no feedback
mechanism in the model to reduce the driving pressure to account for the head loss from the leak, it is possible
to choose a slit length which that results in a larger flow rate through the leak than is initially in the pipe. This
behavior in the model is a result of the inherent assumption that the leak rate is small with respect to the base
flow. The release can be bounded by requiring that the leak rate not exceed the total flow rate in the pipe. The
calculation for the respirable fraction depends on the optimized slit width but is unaffected by the slit length.
Thus a bounding release can be calculated by conservatively assuming that all of the flow in the pipe escapes
through the slit at the rate determined using the peak system pressure and with the calculated respirable fraction.

Since the above method leads to unacceptable onsite consequences, a less bounding approach was used in this
calcnote which takes credit for the fact that the driving pressure in the pipe decreases as material is removed
through the leak. This effect is negligible for relatively short slit lengths but may be significant for long,
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longitudinal slits. Rather than add another layer of iteration to the SPRAY models, the driving pressure was
stepped down in 2.5 psi or greater increments by varying the slit length. For each pressure level, the total flow
rate through the leak in order to reduce the pressure to the next level was combined with the respirable fraction
and the dispersion factor to determine the contribution to the caustic concentration at the receptor. Once the
pressure in the pipe was stepped down a value where the respirable release was negligible, the total release of
respirable particles was used to calculate the concentration at the receptor. This process is diagrammed in Figure
Al.

Calculate RF, total leak rate using
initial pressure in pipe and a 1 inch slit
fength.

Adjust siit length so that the pressure
drop
due to leak equals desired increment.

)

Calculate the contribution to the .
receptor concentration

Calculate the RF, total leak rate
using reduce pressure and flow
rate in pipe and
1 inch siit length.

Sum the contributions from each step
to d ine b ing

at
receptor and the total slit length

Figure Al. Bounding slit length methodology

The pressure-reduction due to the flow through the leak was calculated from the relationship between pressure
drop and flow rate for turbulent flow in a pipe.[7]
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Equation Al

Ap ~ 0.24ILPOJSuO.Hd-JJSQIJS
Since p, p, and 4 are constant in the pipe,
Equation A2 .
Ap =~ ALQY™
where A is a constant. The pressure drop with respect to L is conservatively ignored so that

Equation A3
Ap~ ‘ans

where A is a new constant. Using the definitions in Figure A2,

Qex
p
1 2 >

Figure A2. Schematic of longitudinal crack.

Equation A4
APy = (&) = (Q] — leak)
Apnaleak Ql Ql '
and
Equation AS

Apleak = Apnnlmk( - _Qélﬂ"_j

The initial Q and Ap must be updated at the beginning of each step but are conservatively held constant over
each step. The step size chosen for Ap ranged from 2.5 psi to 25 psi depending the size of the change.
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Appendix B

SPRAY32 output files for worst case solution strength determination.
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SPRAY Version 3.2
August 31, 1995

Produced by Radiclogical & Toxicological Analysis

Westinghouse Hanford Company

Run Date

Run Time

06/11/96/
15:32:39.52

INPUT ECHO:
¢ 1% NaOH solution, 125 pgi, 50 C

c SPRAY Code Version 3.2 Input File

c

o]

c

MODEL OPTIONS:

mode -

ifric -

program
= 1 for

= 2 for

‘integer

= 0 for

=1 for

"= 2 for

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation
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¢ iopt - integer flag for flow determination -
c = 0 for optimal diameter search given initial guess diameter and
Re
c = 1 for flow based on user specified diameter
c = 2 for flow based on user specified Reynold's number
c
c mode ifric iopt
2 1 0

c
¢ PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS :

c Starting

c Particle

‘a a a a

c Size ’ Geometric Number of
c {um) ' Step Size Intervals
C

1.00000E+00 2.00000E+00 10
c

PARAMETER INPUT:

Initial Slit o slit or

Width or slit Orifice
c Orifice Dia. Lenéth Depth . Reynold's
c (in) (in) (in) Number
c

1.00000E-02 1.00000E+00 6.50000E~-02 2.00000E+03
c
c Absolute
c Surface
c . Roughness Contraction Velocity
c ’ (in) - Coefficient Coefficient

- -
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c Pressure 0.00006 tube 0.61 and
orifice

¢ Differential 0.0018 steel 1.00 and

c (psi) 0.0102 iron 1.00 and
orifice '
c

1.25000E+02 1.80000E-03 1.00000E+00

0.98 for sharp edge

0.98 for rounded orifice

0.82 for square edge

8.20000E-01

c
c Fluid Dynamic Respirable RR Fitting
c Density Viscosity Diameter Constant
c (g/cc) (centi-poise) (um) (a)
c
9.98700E-01 5.80000E-01 4..60000E+01 2.40000E+00
c
c Ambient Wind
Density Speed
c {g/cc) (m/s)
c
1.22000E-03 1.50000E+00
MESSAGES:
Slit Model

Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

OUTPUT:

Ligquid Velocity = 1.09E+02 ft/s 3.33E+01 m/s

Reynolds Number = 9.31E+03 Turbulent Flow
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Sauter Mean Diameter = 2.41E+01 am
Mass Median Diameter = 3.16E+01 &m
Characteristic Dia. = 3.68E+01 a&m
Optimum Slit Width = 3.21E-03 in 8.15E-05 m
Respirable Fraction = 8.19E-01
Total Leak Rate = 1.09E+00 gpm .6.89E~05 m3/s 6.88E+01° g/s
Respirable Leak Rate = 8.94E-01 gpm 5.64E-05 m3/s 5.63E+01 g/s
Jet Rise = 1.03E+00 ft 3.15E~-01 m
Particle Section Cumulative
Diameter Release Release Cumulative
Sections Rate Rate Percent
(m) (kg/s) (kg/s) (%)
1.00E-06 1.20E-05 1.20E-05 0.02
2.00E-06 S.léE-OS 6.33E-05 0.09
4.00E-06 2.70E-~04 3.34E-04 "0.48
8.00E-06 1.41E-03 1.74E-03 2.53'
1.60E-05 6.97E-03 8.71E-03 12.66
3.20E-05 2.64E-02 3.51E-02 51.05
6.40E—05_ 3.21E-02 6.72E-02 97.70
1.28E-04 1.59E-03 6.88E-02 100.00
2.56E-04 0.00E+00 6.88E-02 100.00
5.12E-04 0.00E+00 6.88E-02 i100.00 .
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SPRAY Version 3.2
August 31, 1995

Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date

Run Time

06/11/96/
15:40:41.43

INPUT ECHO:
c 5% NaOH solution, 125 psi, 50 C

c SPRAY Code Version 3.2 Input File

c

(o]

[+

[«

c

Q

MODEL OPTIONS:

mode -

ifric -

program
= 1 for
= 2 for
integer
= 0 for

= 1 for

= 2 for

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation
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¢ iopt - integer flag for flow determination

c = 0 for optimal diameter search given initial guess diameter and
Re

c = 1 for flow based on user specified diameter

c = 2 for flow based on user specified Reynold's number

c

c mode ifric iopt
2 0 0
c

¢ PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:

c
c Starting
c Particle T
c Size Geometric Number of
c (um) Step Size Intervals
c .
1.00000E+00 2.00000E+00 10
c
¢ PARAMETER INPUT:
c
¢ Initial Slit slit or
c  Width or Siit Orifice
c Orifice Dia. Length Depth Reynold's
c (in) (in) (in) k Number
c
1.00000E-02 1.00000E+00 6.50000E-02 2.00000E+03
c
c Absolute
c Surface
c Roughness Contraction  Velocity
c (in) Coefficient Coefficient
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c Pressure 0.00006 tube -0.61 and 0.98 for sharp edge
orifice
c Differential 0.0018 steel 1.00 and 0.98 for rounded orifice
c . (psi) 0.0102 iron 1.00 and 0.82 for square edge
orifice
c

1.25000E+02 1.80000E-03 1.00000E+00 8.20000E-01

c
c Fluid Dynamic Respirable RR Fitting
c Density Viscosity Diameter Constant -
c (g/cc) (centi-poise) (um) (q)
c
1.04090E+00 7.40000E~01 2.70000E+01 2.40000E+00
c
c Ambient Wind
c Density Speed
c  {g/cc) (m/s)
c
1.22000E-03 .1.50000E+00
MESSAGES:
8lit Model

Code search for optimal equivalent diameter.

OUTPUT :
Liquid Velocity = 7.11E+01 ft/s 2.17E+01 m/s
Reynolds Number = 4.96E+03 Turbulent Flow
Sauter Mean Diameter = 3.87E+01 zm
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Mass Median Diameter = 5.07E+01 ém
Characteristic Dia. = §5.91E+01 &m
Optimum Slit Width = 3.21E-03 in 8.16E-05 m
Respirable Fraction = 1.41E-01
Total Leak Rate = 7.12E-01 gpm 4.49E-05 m3/s 4.68E+01 g/s
Respirable Leak Rate = 1,.01E-01 gpm . 6.35E-06 m3/s 6.61E+60 g/s
Jet Rise = 6.82E-01 ft 2.08E-01 m
Particle Section Cunulative
Diameter Release Release Cumulative
Sections Rate Rate Percent
(m) (kg/s) (kg/s) (%)
1.00E-06 2.62E-06 2.62E-06 0.01
2.00E-06 . 1.12E-05 1.38E-05 0.03
4.00E-06 S.30E-05 7.28E-05 0.16
8.00E-06 3.10E-04 3.83E-04 0.82
1.60E-05 1.60E-03 1.99E-03 4.25
3.20E-05 7.538E-~03 9.58E~03 20.48
6.40E-05 2,.32E-02 3.28E-02 70.17
1.28E-04_ 1.39E-02 4.67E-02 99.83
2.56E-04 7.88E~05 4.68E-02 100.00
5.12E-04 0.00E+00 4.€68E-02 100.00
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SPRAY Version 3.2
August 31, 1995

Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date

Run Time

06/11/96/
15:40:09.96

- INPUT ECHO:

¢ 1% NaOH solution, 125 psi, 50 C

¢ SPRAY Code Version 3.2 Input File

c

c MODEL OPTIONS:

(o}

a o o 0 0

Q

o]

mode -

ifric -

program
= 1 for
= 2 for
integer
= 0 for
= 1 for

= 2 for

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation
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¢ iopt - integer flag for flow determination
c = 0 for optimal diameter search given initial guess diameter and-
Re ‘
c = 1 for flow based on user specified diameter
c = 2 for flow based on user specified Reynold's number
c
c mode ifric iopt

2 0 [o]
c

a

Qa a o o o o a a a o a

a

PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:

Starting

Particle

Size Geometric Number of
(um) Step Size Intervals
1.00000E+00 2.00000E+00 10

PARAMETER INPUT:

Initial Slit Slit or
Width or Slit Orifice
Orifice Dia. Length Depth Reynold's
(in) (in) (in) Number
1.00000E-02 1.00000E+00 6.50000E-02 2.00000E+03
Absolute
Surface
Roughness Contraction Velocity
{in) Coefficient Coefficient
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c Pressure . 0.00006 tube 0.61 and " 0.98 for sharp'edge
orifice
¢ Differential 0.0018 ateel 1.00 and 0.98 for rounded orifice
< (psi) 0.0102 iron 1.00 and 0.82 for square edge
orifice
c

1.25000E+02 1.80000E-03 1.00000E+00 8.20000E~01
c
c Fluid Dynamic Respirable RR Fitting
c Density Viscosgity Diameter Constant -
c (g/cc) (centi-poise) (um) : (q)
. .

9.98700E-01 5.80000E-01 4.60000E+01 2.40000E+00
c
c Ambient Wind
c Density Speed
c (g/cc) (m/s)
c

1.22000E-03 1.50000E+00
MESSAGES:
8lit Model

Code search for optimal equivalent diameter.

OUTPUT:
Liquid Velocity = 7.88E+01 ft/s 2.40E+01 m/s
Reynolds Number = 8.01E+03 Turbulent Flow
Sauter Mean Diameter = 4.13E+01 =m
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Mass Median Diameter = 5.41E+01 am
Characteristic Dia. = 6.30E+01 &m
Optimum Slit Width = 3.83E-03 in 9.72E-05 m
Respirable Fraction = 3.75E-01
Total Leak Rate = 9.40E-01 gpm 5.93E-05 m3/s 5.92E+01 g/s
Respirable Leak Rate = 3.52E-01 gpm 2.22E-05 m3/s 2.22E+01 g/s
Jet Rise = B8.38E-01 ft 2.56E~01 m
Particle Section Cumulative
Diametex Release Release Cumulative
Sections Rate Rate Percent )
(m) (kg/s) (kg/s) (%)
1.00E-06 2.84E-06 2.84E-06 0.00
2.00E-06 1.22E-05 1.50E-05 0.03
4 ,00E-06 6.41E-05 7.91E-05 0.13
8.00E-06 3.37E-04 4,16E-04 0.70
1.60E-05 1.75E-03 2.16E-03 3.65
3.20E-05 8.40E-03 1.06E-02 17.84
6.40E;05 2.77E-02 3.82E-02 64 .55
1.28E-04 2.08E-02 5.90E-02 99.58
2.56E-04' 2.48E-04 5.92E-02 100.00
5.12E-04 0.00E+00 5.92E-02 100.00




Spray Leak Code

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126
Sheet No. 39 of 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

SPRAY Version 3.2
August 31, 1995

Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date

Run Time

I

06/11/%6/
15:32:41.11

INPUT ECHO:
15% NaOH

o]

solution, 125 psi, 50 C

c SPRAY Code Version 3.2 Input File

o4

c

c
c

[¢]

MODEL OPTIONS:

mode -

ifric -

program
= 1 for
= 2 for
integer
= 0 for
= 1 for

= 2 for

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation




WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126
Sheet No. 40 of 94

Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms
c iopt - integer flag for flow determination
I} = 0 for optimal diameter search given initial guess diameter and
Re
c = 1 for flow based on user specified diameter
c = 2 for flow based on user specified Reynold's number
(=]

¢ mode ifric iopt
2 1 0

c PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:

c Starting

c Particle

c Size Geometric Number of
c {um) Step Size Intervals
c
1.00000E+00 2.00000E+00 10
c
c PARAMETER INPUT:
c
¢ ' Initial Slit slit or
c Widt.h ox Slit - Orifice
c Orifice Dia. Length Depth - Reynold's
c (in) {in) {in) Number
c
1.00000E-03 1.00000E+00 6.50000E-02 2.00000E+03
c
c Absolute
c . Surface
c ) Roughnes;s Contraction Velocity
c ‘ (in) - Coefficient Coefficient
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T T ) . Analysis of NaOH Releases for Hanford Tank Farms ~
c Pressure 0.0’0006 tube 0.61. - and 0.98 . for. sharp edge
c Differential  0.0018 steel 1.00 and . 0.98 for 'r'oqnded orifice
c (psi) . 0.0102 iron 1.00 f»;:md,v 0.82 for square edge -
orifice ' v ‘ » 7 v '
c
1.25000E+02 1.80000E-03 1.00000E+00 8.20000Ej01
c a
c Fluid Dynamic Respirable RR Fitting
c Density Viscosity Diameter ' Constant
c (g/ce) (centi-p'oisre) 7 (ém) S {a)
c.

1.14800E+00 1.35000E+00 1.90000E+01 2.40000E+00

c
c Ambient - Wind
c Deqsity Speed
¢ (g/cc) (m/s)
c
1.22000E-03 1.50000E+00
MESSAGES :
8lit Model

Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

OUTPUT:
Liquid Velocity = 8.48E+01 ft/s 2.59E+01 m/s
) Reynolds Numbex = 1.75E+03 Laminar Flow




WHC-SD-WM-CN-052 REV 0

— Calculation No. S-CLC-G-00126
Sheet No. 42 of 94

L _ Rev. 0

- - : e Analysis of NaOH Releases for Hanford Tank Farms
"'Sauter Mean Diameter = IUS2E+0i‘em . - - ‘ T

Mass Median Diameter = 1.99E+01 am
- Characteristic Dia. "= 2.32E+01 an

* optimim Slit Width = 1757E-03 in  3.98E-05 m

Respirable Fraction = 4.62E-01 ‘

Total Leak Rate = 4.15E-01 gpm _2.62E-05 m3/s 3.00E+01 g/s
Respirablé Leak Rate = 1.92E-01 gpm ~ 1.21E-05 m3/s 1.39E+01 g/s
Jet Rise = §,22E-01 ft 1.59E-01 m

Particle Section Cumulative

Diameter Release Release cumulative -

Sections Rate Rate Percent

-(m) : (kg/s} ' (kg/s) (%) -

1.00E-06 1.59E-05 1.59E-05 0.05

2.00E-06 6.79E-05 8.38E~-05 0.28

4.00E-06 3.56E-04 4.40E-04 1.46

8.00E-06 1.81E~-03 2,25E-03 7.49 °

1.60E-05 7.87E-03 - 1.01E-02 33.69

3.20E-05 1;65E-02 2.66E-02 88.56

6.40E~-05 3.43E-03 3.00E-02 100.00 -

1.28E-04 3.22E-07 3.00E-02 100.00

2.56E-04 0.00E+00 3.00E-02 100.00

5.12E-04 0.00E+00 3.00E-02 100.00




Spray Leak Code

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126

Sheet No. 43 of 94

Rev. 0

Analy

SPRAY Version 3.2
August 31, 1995

Produced by Radiclogical & Toxicological Analysis

Westinghouse Hanford Company

Run Date

Run Time =

06/11/96/
15:32:41.60

INPUT ECHO:

¢ 20% NaOH

)

MODEL OP

a o a

c mode -

solution, 50 psi, 50C

TIONS:

program
= 1 for
= 2 for
integexr

0 for

= 1 for

= 2 for

SPRAY Code Version 3.2 Input File

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation

sis of NaOH Releases for Hanford Tank Farms




WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126

Sheet No.” 44 of 94

Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms )

¢ iopt - integer flag for flow determination

c‘ = 0 for optimal diameter search given initial guess diameter and

Re ’

c = 1 for flow based on user specified diameter

c = 2 for flow based on user specified Reyncld's number

c. -

c mode ifric iopt
2 1 0

c ‘

c PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:

. -

c Starting

¢ Particle o -

c Size Geometric Number of

c (um) Step Size Intervals

I L -
1.00000E+00 2.00000E+00 10

c

¢ PARAMETER INPUT:

c

¢ Initial Slit slit or

¢ Width or slit -Orifice

c -Orifice Dia. Length Depth Reynold's

c (in) (in) (in) Number

c 1
1.00000E-03 1.00000E+00 6.50000E-02 2.60000E+03

c

c> Absolute

c © Surface ‘

c Roughness Contraction Velocity

c (in) Coefficient Coefficient




WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126
Sheet No. 45 of 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

c Pressure 0.00006 tube " 0.61 -and 0.98 ° for Wsh;:n.:p edge
orifice " ca T e SRR
c Differential 0.0018 steel 1.00- and ©  '0.98 for rounded orifice
c {psi) ~ 0:0102 " iron  1.00 and 0.82 ' for ‘square edge.
orifice R -
c -
1.25000E+02 l.BOOQOE-O3 1.00000E+00 8.20000E-01.
c
c Fluid Dynamic Respirable RR Fitting
c Density Viscosity i Diameter Constant . C e
c (g/cc) (centi-poise) (am) (q)
1.20200E+00 1.90000E+00 1.70000E+01 2.40000E+00
o " .
c Ambient Wind N
c Density Speed
c  (g/cc) {m/s)
[a]
1.22000E-03 1.50000E+00 -

MESSAGES:
Slit Model

Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

‘OUTPUT:

Liquid Velocity = 7.93E+01 ft/s 2.42E+01 m/s

Reynolds ' Number = 1.29E+03 Laminar © Flow




" Sauter Mean Diameter
Mass Median Diameter

Characteristic Dia.

WHC-SD-WM-CN-052 REV 0

1.85E+01. am

.43E+01 &m

1
2
- 2.83E+01 am, .
1
2

Calculation No. S-CLC-G-00126
Sheet No. 46 of 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

(P2 SR s I Y o T - N T =)

Optimum Slit Width = .67E-03 in 4.23E-05m
Réspifable Fraction = .55E-01
Total Leak Rate = 4.12E-01 gpm 2.60E~05 m3/s 3.12E+01 g/s
Respirable Leak Rate = 1.05E-01 gpm 6.63E-06 m3/s " 7.97B+00 g/s
Jet Rise =  5.16E-01 ft 1.57E-01 m ST

Particle Section Cumulative
Diameter Release. Release Cumulative i b
Sections Rate Rate Percent
(m) (kg/s). (kg/s) (%)

.00E-06 1.03E-05 1.03E-05 0.03

.Q0E-06 4.38E-05 5.41E-05 0.17

.00E-06 2.30E-04 2.84E-04 0.91

.00E-06 1.19E-03 1.47E-03 4.71

.60E-05 5.55E-03 7.03E-03 22.50

.20E-05 1.61E-02 2.31E-02 73.96

.40E-05  8.11E-03  3.12E-02 " 99.92 -

.28E-04. 2.57E-05 3.12E-02 100.00

.56E-04 0.00E+00 3.12E-02 100.00

.12E-04 0.00E+00 3.12E-02 100.00




Spray Leak Code

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126

' | SheetNo. 470f94

Rev. 0
Analysis of NaOH Releases for Hanford Tank Farms

SPRAY Version 3.2
August 31, 1995

Produced by Radiological & Toxicological Analysis

. Westinghouse Hanford Company

Run Date

Run Time

INPUT ECHO: )
c 25% solution, 125 psi, 50C

o}

a a

06/11/96/
15:32:42.10

SPRAY Code Versicn 3.2 Input File -

MODEL OPTIONS:

mode -

ifric -

program

1 for
2 for

integer

6 for
1 for
2 for

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation




c iopt

c

Re

c

c

.

¢ mode ifric iopt

Q a o a a a o a0 o a o o

a a o

[s]

a a a o a0

WHC-SD-WM-CN-052 REV 0

- integer flag for flow determination

Calculation No. S-CLC-G-00126

Sheet No. 48 of 94

Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

= 0 for optimal diameter search given initial guess diameter and -

= 1 for flow based on user specified diameter

= 2 for flow based on user specified Reynold's number

2 1 0

PARTICLE SIZE DISTRIBUTION

TABLE PARAMETERS:

Starting

Particle

Size Geometric Number of

{um) Step Size Intervals

1.00000E+00 2.00000E+00 10
PARAMETER INPUT:

Initial Slit 8lit or

Width or Slit Orifice

Orifice Dia. Length Depth

(in) (in) (in)

Reynold's
Number

1.00000E-03

1.00000E+00

Absolute
Surface
Roughness

(in)

6.50000E-02

Contraction

Coefficient

2.00000E+03

Velocity

Coefficient




c Pressure
orifice

c Differential

WHC-SD-WM-CN~052 REV O

0.00006 tube

0.0018 steel 1.00. and. .

Calculation No. $-CLC-G-00126

Sheet No. 49 of 94

Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms
0.61 ._..and

0.98 .. for sharp edge

e e e

0.98 _for.rounded orifice

Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

OUTPUT:

Liquid Velocity = 7.63E+01 ft/s
' Numbexr

Reynolds

c (psi) .. 0.0102 iron 1.00 . and -0.82 for square edge
orifice 7 ﬂ ' ’ ‘
c
1.25000E+02 1.80000E-03. 1.00000E+00 8.20000E-01
c ‘ ' .
c ° Fluid Dynamic Respirable RR Fitting
¢ - Density Viscosity Diameter " Constant -
c (g/cc) (centi-poise) (um) (q)
c -
1.25570E+00 2.90000E+00 1.60000E+0i 2.40000E+00
. 7 - .
c  Ambient Wind
c Density Speed
c  (g/cc) (m/s) )
. N
1.22000E-03 1.50000E+00
MESSAGES:
Slit Model

2.33E+01 m/s

1.01E+03 Laminar Flow




: 'Saut'er». Mean' Diameter

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126
Sheet No. 50 of 94
Rev, 0

Analysis of NaOH Releases for Hanford Tank Farms ‘

2.54E+01am
Mass Median Diameter 3.33E+01 &m
Characteristic Dia. "=~ 3.88E+01 am" R ER
Optimum Slit Width = 1.97E-03 in 5.01E-05 m
Respirable Fraction 1.13E-01
‘Total Leak Rate 4.69E-01 gpm 2.96E-05 m3/s 3.71E+01 g/s
Respirable Leak Rate 5.28E~-02 gpm 3.33E-06 m3/s’ ; 4.18E+00 g/s
' Jet Rise = 5.63E-01 ft 1.72E-01 m T
Particle Section‘ Cumulative
Diameter Releaée Release ‘Cumulative -
Sections Rate Rate Percent
(m) (kg/s) (kg/s) (%) B
l.OOE-éG 5.72E-06 5.72E-06 0.02
2.00E-06 2.45E-05 3.02E-05 . 0.08
4.00E-06 1.29E-04 1.59E~04 0.43
8.00E-06 6.72E~-04 8.31E-04 2.24
1.60E-05 3.35E-03 4.18E-03 11.26
3.20E-05 1.32E-02 1.74E-02 46,77
6.40E-05_ 1.84E-02 3.58E-02 96.41 h
1.28E-04 1.33E-03 3.71E-02 100.00
2,56E-04 0.00E+00 3.71E-02 100.00
5.12E-04 .0.00E+00 3.71E-02 100.00




WHC-SD-WM-CN-052 REV O

Calculation No. S-CLC-G-00126
s e e "‘“f'iw ; '. o Sheet No. 51 of 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms -

sOE e TTIL LTS U oW . -

‘- To--- . . SPRAY Version 3.2 .
. August 31, 1995

Spray Leak Code .
Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date = 06/11/96/
Run Time = 15:32:42.59
INPUT ECHO:

¢ 30% NaOH solution, 125 psi, 50C
¢ SPRAY Code Version 3.2 Input File

o N o TR ¢

o]

c MODEL OPTIONS:

c

¢ mode - program calculation mode

c = 1 for orifice leak
= 2 for slit leak

ifric - integer flag for friction factor

= 0 for program selection

c R for laminar relation

c = 2 for turbulent relation

c iopt - integer flag for flow determination




b e e e A A - TR

Qa o a a o o o a

o]

Q o 0 a

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126
Sheet No. 52 0f 94
— Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

= 0 for optimal diamé;er search given initial guess diameter and

= 1 for flow based on user specified diameter

= 2 for flow based on user specified Reynold's number

mode ifric iopt
2 1 -0

PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS : -

Starting

Particle

Size - Geometric Number of -
(um) Step Size Intervals
1.00000E+00 2.00000E+00 10

PARAMETER INPUT:

Initial Slit - slit or
width or . slit Orifice - h
Orifice Dia. Length Depth Reynold's
(in) (in) (in) . Number
1.00000E-02 1.00000E+00 6.50000E-02 2.00000E+03
Absolute
Surface
' Roughness Contraction - Velocity
(in) Coefficient Coefficient




WHC-SD-WM-CN-052 REV 0

. Calculation No. s-CLC-G-00126
S s SheetNo. 53 of 94
) Il Rev. 0

e = ) Analysis of NaOH Releases for Hanford Tank Farms
g Pressure 7 0700006 tube 0.61 and v_0¢9&,,for2§harp,edge
¢ Differential 0.0018 steel 1.00° éha“fl' 0;98"f9rfiéﬁﬁaéa p;ifiée
c (psi) 0.0102 iron 1.00 ' and 0.82 for square édge '

orifice St Trie o -
c -

1.25000E+02 - 1.80000E-03 1.00000E+00 8.200063—01

c
c Fluid Dynamic Respirable RR Fitting
c Dénsity . Viscosity Diameter : Constant -
c (g/cc) (centi-poise) (um) T (@) '
¢ 0
1.30880E+00 4.36000E+00 1.50000E+01 2.40000E+00
c .
c Ambient Wind
c Density’ Speed
¢ (g/cc) (m/s)
c
1.22000E-03 1.50000E+00
MESSAGES:
Slit Model

Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

OUTPUT:
Liquid .Velocity = 7.41E+01 ft/s 2.26E+01 m/s

1}

Reynolds Number 8.15E+02 Laminar Flow




WHC-SD-WM-CN-052 REV 0

L C Calculation No. S-CLC-G-00126

T SheetNo. 54 of 94
. o . Rev. 0
) - ) ) , ) . 'A.ng_lysis'c_)fNaOH Releases fo; Hanf:?;;d Tank__k';‘anns )

““gauter Mean Diameter = 3.44E+01 =m T T o

Mass Median Diameter = 4.51E+01 zm .

‘Characteristic Dia. = 5 L

" optimum Slit Width =. 2. 5.94E-05 m

Respirable Fraction = 4.81E-02

Total Leak Rate = 5.40E-01 gpm -3.41E-05 m3/s 4.46E+01 g/s-
Respirable'Leak‘Rate = .2.60E-02 gpm . 1.64E-06 m3/s 2.15E+00 g/s
Jet Rise = 6.21B-01 ft 1.89E-01 m

Particle Section ’ -Cumulative

Diameter Release Release Cumulative ’
Sections Rate ’ Rate Percent

(m) (kg/s) (kg/s) (%) )

1.00E-06 3.31E-06 3.31E-06 0.01

2.00E-06 1.41E-05 1.75E-05 0.04

4.0dE-06 7.46E-05 9.21E-05 0.2ll

8.00E-06 3.92E-04 ) 4.84E-04 1.08

1.60E-05 2.01E~-03 2.49E-03 5.59

3.20E-65 - 9.19E-03 1.17E-02 26.21

6.40E-05_  2.39E-02  3.56E-02 79.89 )

1.28E-04 8.96E-03 4.46E-02 99.98

2.56E-04, 9.39E-06 4.46E-02 100.00

5.12E-04 0.00E+00 4.46E-02 100.00.




Spray Leak Code

WHC-SD-WM-CN-052 REV 0

'| Calculation No, 5-CLC-G-00126

Sheet No. 55 of 94

Rev. 0

Analy:

.SPRAY Version 3.2
August 31,7 1995

Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date

Run Time

06/11/96/

= 15:32:43.09

INPUT ECHO:

c 40% NaOH

solution, 125 psgi, 50C

c SPRAY Code Version 3.2 Input File

(o]

C
c
c
c
o]

a

MODEL OPTIONS:

mode -

ifric -

program
= 1 for
= 2 for
integer
= 0 for

=1 for

"= 2 for

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation

sis of NaOH Releases for Hanford Tank Farms
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WHC-SD-WM-CN-052 REV 0

Calculation No. $-CLC-G-00126
Sheet No. 56 of 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

iopt - integer flag for flow detefmination
= 0 for optimal diameter search given initial guess diameter and
= 1 for flow based on user specified diameter
= 2 for flow based on usér specified Reynold's number
mode ifric iopt
2 1 0 -

PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:

Starting
Particle E
Size Geometric Number of
(um) . . Step Size Intervals
1.00000E+00 2.00000E+00 10
PARAMETER INPUT:
Initial slit Slit or’
width or Slit Orifice
Orifice Dia. Length Depth Reynold's
(in) (in) (in) Number
1.00000E~02 1.00000E+00 6.50000E-02 2.00000E+03
Absolute
Surface
Roughness Contraction Velocity
" (in) Coefficient Coefficient




WHC-SD-WM-CN-052 REV 0

) Calculation No. S-CLC-G-00126
s : | SheetNo. 57 of94 '

Rev. 0
’ Nv R O R4 . - Analysis of NaOH Releases for Hanford Tank Farms
c Pressure 0.00006 tube 0.6177"" and” 0,98 “'for sharp edge
orifice = S
¢ Differential 0.0018 steel 1.00 and ©0.98 for rounded otifice l
‘c (psi) - 0.0102- iron 1.00 " and®  0.82 for squaré- edge
orifice ‘ o '
c -
1.25000E+02 1.02000E-02 1'.00000E+90 8.20000E-01 |
c . .
c Fluid Dynamic Respirable RR Fitting - oLz
¢ Density Viscosity Diameter Constant . - -
c (g/cc) (centi.-poise) C(@m) | ) (q)
c
1.40960E+00 8.50000E+00 1.40000E+01 2.40000E+0Q
. . . el
c Ambient Wind
c Density Speed
¢ (g/cc) . © {m/s)
c
1.22000E-03 - 1.50000E+00
MESSAGES:
Slit Model
Code search for optimal equivalent diameter.
Friction factor based on laminar flow.
QUTPUT:
Liquid Velocity = 7.10E+01 ft/s 2.16E+01 m/s
) Reynolds Number = 5.80E+02 Laminaxr Flow




WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126
Sheet No. 58 of 94
Rev. 0

o Lo e b st Analysis of NaOH Releases for Hanford Tank Farms
. Sauter Mean Diameter = 5,895+01 @m . cowene T
) Masé Median‘ Diameter = 7.72E+01 am .

.Characteristic Dia. = :9.00E+01 &m

- Optimum Slit Width = 3,19E-03 in 8.11E-05 m -

Respirable Fraction = 1.14E-02

) Total Leak‘ Rate = 7.06E-01 gpm 4.45E-05 m3/s- 6.28E+01 g/s

Respirable Leak Raté = 8.07E-03 gpm '5.098-07 m3/s 7.18E-01"g/s

Jet Rise = 7.S0E-01 ft 2.29E-01 m ‘

Particle Section Cumulative

Diameter Release Release Cumulative i

Sections Rate " Rate Percent’

(m) (kg/s) (kg/s) (%) -

1.00E-06 1.28E-06 1.28E-06 0.00

2.00E-06 5.48E-06 6.77E~06 0.01

4.00E-06 2.89E-05 3.57E-05 0.06

8.00E-06 1.53E-04 1.88E-04 0.30

1.60E-05 7.99E-04 9.87E-04 1.57

3.20E-05 4.05E-03 5.04E-03 8.02

6.40E-05 1.74E-92 2.24E-02 35.68 -

1.28E-04" 3.43E-02 5.67E-02 90.26

2.56E-04 6.11E~03 6.28E-02 100.00

5.12E-04 2.91E-07 6.28E-02 100

0o




WHC-SD-WM-CN-052 REV 0

— - Calculation No. S-CLC-G-00126
Sheet No. 59 of 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

L LT Lt T S S SR e

SPRAY Version 3.2
August 31, 1995

Spray Leak Code
Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date = 06/11/96/
Run Time = 15:41:01.37

INPUT ECHO:

c 50% solution, 125 psi, . 50C
c© SPRAY Code Version 3.2 Input File
. .

c MODEL OPTIONS:

c
¢ mode - program calculation mode
c = 1 for orifice leak

c = 2 for slit leak

¢ ifric - integer flag for friction factor
c ‘= 0 for program selection

c = 1 for laminar relation
c 2 for turbulent relation




c

c
Re

c
c
c
c

Q

O a a a o N o a o

a

o]

o o0 a a

o]

iopt

mode ifric iopt
2 1 0

WHC-SD-WM-CN-052 REV 0

Analysis of NaOH Releases for Hanford Tank Farms
- integer flag for flow determination

PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:

Calculation No. S-CL.C-G-00126

Sheet No. 60 of 94

Rev. 0

0.for optimal diameter search given initial guess diameter and

1 for flow based on user specified diameter

2 for flow based on user specified Reynold's number

Starting
Particle N
Size Geometric Number of
(um) Step Size " Intervals
1.00000E+00 2.00000E+00 10
PARAMETER INPUT:
Initial Slit slit or -
Width or Slit Orifice
Orifice Dia. Length Depth Reynold's
{in) - {in) (in) Numbexr
1.00000E-02 “1.00000E+00 6.50000E-02 2.00000E+03
Absolute
Surface
Roughness " Contraction- Velocity
(in) Coefficient  Coefficient




WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126

- Sheet No. 61 of 94
Rev. 0

. L A;aalysisofNaOH Releases for Hanford Tank Farms
¢ Pgéééﬁfe Lbﬁébods tube 0.61 ..;and _ .. 0.98 for. sharp edge
orifice - ) w o we o a
c Differential 0.0018 steel 1.00 and:‘ 0.98 ﬁpr rpunded‘o:iﬁice
¢ (psi) 0.0102 iron 1.00 and _  0.82 for square edge
orifice DA L e E s S
. R

1.25000E+02 ~ 1.02000E-02  1.00000E+00 8.20000E-01
. o - -
c Fluid Dynamic Resplrable RR Fitting
c Density Viscosity Dlameter B Constant’
a (g/cc) (centi-poise) (um) (q)
c .

1.50380E+00 1.45000E+01 1.30000E+01 7 '2.46600E+00
c - o~
c Ambient Wind
c Density . Speed
¢ (g/ce) (m/s)
c -

1722000E—03 1.50000E+00
MESSAGES : ’
slit Moael

Code search for optlmal equivalent diameter.

Frlctlon factor based on laminar flow.

"OUTPUT:
2.10E+01 m/s
4.538+02

6.88E+01 ft/s
Numbexr =

Liquid velocity =

Reynolds Laminar Flow




WHC-SD-WM-CN-052 REV 0

) . Calculation No. S-CLC-G-00126
e te NP Sheet No. 62 of 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms ~

“04E+01 am

" Sauter Mean Diameter = ¢

Mass Median Diameter = 1,19E+02 am
Characteristic Dia. = 1.38E+02 am

Optimum Slit Width = 4.12E-03" in ' 1.05E-04 m
Respifable Fraction = 3.43E-03

Total Leak Rate = 8.83E-01 gpm 5.57E-05 m3/s 8.38E+01 g/s
Respirable Leak Rate = 3.03E-03 gpm " 1.91E-07 mw3/s 2.88E-01 g/s
Jet Rise = 8.80E-01 ft '2.68E-01 m

Particle Section Cumulative
Diameter Release Release' Cumulative R
Sections Rate Rate Percentr
(m) (kg/s) kg/s) %) -
1.00E-06 6.11E-07 6.11E-07 0.00
2.00E-06 2.61E~06 3.22E-06 0.00
4,00E-06 1.38E-05 1.70E-05 0.02
8.00E-06 7.28E-05 8.98E-05 ‘0.11
1.60E-05 3.83E-04 4.,'73E-04 0.56
3.20E-05 1.99E-03 2.47E-03 2.%4
6.40E-05 9.75E-Q3 1.22E-02 ' 14.58
1.28E~04 . 3.51E-02 4.73E-02 56.48
2-.56E-04 3.54E-02 8.27E-02 - 98,76
5.12E-04 1.04E-03 8.38E-02 100.00
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* Appendix C

SPRAY32 output files for bounding concentration determination,

Analysis of NaOH Releases for Hanford Tank Farms
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Calculation No. S-CLC-G-00126
Sheet No. 64 of 94
Rev, 0

Analysis of NaOH Releases for Hanford Tank Farms
t b i

SPRAY. Version 3.2
August 31, 1995

Spray Leak Code -
Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company .

Run Date = 06/25/96/ .
Run Time = 21:15:29.11 '

INPUT ECHO:

c 10% NaOH solution, 8 psi, 50 C

c SPRAY Code Version 3.2 Input File
c

¢ MODEL OPTIONS:

c
c mode - program calculation mode

c = 1 for orifice leak

c = 2 for slit leak

c ifri; - integer flag for friction factor

c = 0 for program selection

c = 1 for laminar relation

c = 2 for turbulent relation

¢ iopt - integer flag for flow determination

(<} "= 0 for optimal diameter search given initial guess diameter and Re




()
c
c
c

o a0 0o o0 0 o a0 o

a o o o a 0o o o o a o a

a0

a

WHC-SD-WM-CN-052 REV 0

=1 for flow based on user specified diameter

Calculation No. S-CLC-G-00126
Sheet No. 65 0f 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

= 2 for £low based on user specified Reynold's number

mode ifric iopt

2 i 0.

PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:

Starting

Particle
Size ' Geometric Number of :
{um) Step Size Intervals
1.00000E+00 2.00000E+QO 10
PARAMETER INPUT:.
Initial Slit Slit or
Width or . ‘slit Orifice
Orifice Dia. Length Depth Reynold's
(in)" (in) (in) - " Number
1.00000E-~03 1.00000E+00 6.50000E-02 2.00000E+03
Absolute
Surface
Roughness Contraction Velocity
(in) Coefficient Coefficient
Pressure 0.00006 tube 0.61 and 0.98 for‘éharp edge orifice
Differential 0.0018 steel 1.00 and 0.98 for rounded orifice
(psi)- 0.0102 iron 1.00 and 0.82 for square edge orific
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Calculation No. S-CLC-G-00126

Sheet No. 66 of 94 ‘
Rev. 0
Analysis of NaOH Releases for Hanford Tank Farms
c [ P e T S Sae s ToL LT L E
8.00000E+00 1.800001=-03 1.00000E+00 - 8.20000E-01
€ .
c  Fluid Dynamic Respirable RR Fitting
c Density Viscosity Diameter Constant
c (g/ce) (centi-poise) (um) (q)
. .
1.08420E+00 9.60000E-01 1.00000E+01 2.40000E+00
c
c Ambient Wind
c Density Speed .
c (g/cc) (m/s)
c -

1.22000E-03 1.50000E+00

MESSAGES :
Slit Model
Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

s

OUTPUT:
2.04E+01 ft/s 6.21E+00 m/s
8.15E+02 Laminar Flow

9.28E+01 zm

1.22E+02 am .

1.42E+02 &m
2.27E-03 in
1.72E-03
1.44E-01 gpm

Liquid Velocity =
Reynolds Number =
Sauter Mean Diameter =
Mass Median Diameter =
Characteristic pia. =
Optimum Slit width = 5.76E-05 m
Reséirable Fraction =
9.10E-06 m3/s

Totdl Leak Rate = 9.95E+00 g/s




I P
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Respirable Leak Rate

WHC-SD-WM-

2.48E-04 gpm

CN-052 REV O

Calculation No. 5-CLC-G-00126

]

Sheet No.

67 of 94

Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

1.57E-08 m3/s

Jet Rise = 1.58E-01 ft 4.81E-02'm
Particle Section Cumulative
Diameter Release ‘Release “Cumulative
Sections Rate Rate Percent
(m) (kg/s) (kg/s) %
1.003-06 6.83E-08 6.83E-08 0.00
2.00E-06 2.92E-07 3.60E-07 0.00
4.00E-06 1.54E-06 ‘1.90E—06 .0.02
8.00E-06 '8.13E-06" 1.00E-05 0.10
1.60E-05  4.28E-05  5.29B-05 0.53 -
3.20E-05" 2.23E-04 2.76E-04 2.717
6.40E-05 1.10E-03 1.37E-03 13.79
1.28E-04 4.03E-03 5.40E-03 54.29
2.56E-04 4.39E-03 9.79E-03 98.40
5.12E-04 1.60E-04 9.95E-03 100.00

1.71E-02 g/s
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Calculation No. S-CLC-G-00126
SheetNo. 680f94

Rev. 0

Analy

RIS

SPRAY Version 3.2
August 31, 1925

Spray Leak Code
Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date = 06/25/96/

Run Time = 21:18:20.65

INPUT ECHO:

¢ 10% NaOH solution, 10 psi, 50 C

¢ SPRAY Code Version 3.2 Input File

c
c MODEL OPTIONS:

c

¢ mode - program calculation mode

c = 1 for orifice leak

c = 2 for slit leak

¢ ifric - integer flag for friction factor
c = 0 for program selection

c = 1 for laminar relation

c = 2 for turbulent relation

sis of NaOH Releases for Hanford Tank Farms -
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Calculation No. S-CLC-G-00126

Sheet No. 69 of 94

Rev. 0
F e g R T 'Analysis of NaOH Releases for Hanford Tank Farms ~
-c. iopt .- -integer flag for flow determination - .~ Ceaa et .
é = 0 for optimal diameter seaxrch given initial guess diameter and
Re e : T ' ' C
c . =.1 for flow based on user specified diameter
c = 2 for flow based on user specified Reynold's number
c
¢ mode ifric iopt -
2 1 ) o
c
¢ PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:
o -
c Starting
.c Particle .
c Size Geometric: * Number of
c {um) Step Size Intervals
c
1.00000E+00 2.00000E+00 10
¢
c PARAMETER INPUT: '
c
¢ Initial Slit Slit or
c  Width or Slit Orifice
c Orifice Dia. Length Depth Reynold's
c (in) (in) (in) Number
c
1.00000E-03 1.00000E+00 1.09000E-01 2.00000E+03
c
c Absolute
c Surface
c Roughness Contraction Velocity
c (in) ‘Coefficient Coefficient
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Caleulation No. S-CLC-G-00126 j
Sheet No. 70 of 94
Rev. 0

Analysis of NdOH Releases for Hanford Tank Farms

c Pressure - 0.00006. tube. . _0.61 . ‘and”: - .0.98. “for sharp edge
orifice - B L T P R S o
¢ Differential 0.0018 steel 1.00 and 0.98 for rounded orifice
c (psi) 2:0.0102: -iron- 1.00 and 0.82 for square edge
orifice S o
c -—
)

1.00000E+01 1.80000E-03 . 1.00000E+00 8.20000E—0i
. .

Fluid . Dynamic Respirable 'RR Fitting

Density Viscosity Diameter Constant
c (g/cc) (centi-poise) (um) Q)
c

1.08420E+00 9.60000E~01 1.00000E+01 2.40000E+00

c
c Ambient Wind
c Density Speed
c  (g/cc) (m/s)
c -
1.22000E-03 1.50000E+00
MESSAGES:
Slit Model

Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

OUTPUT:
Liquid Velocity = 2.28E+01 ft/s 6.94E+00 m/s

Reynolds - Number 1.11E+03 Laminar Flow




R

Sauter Mean Diameter =
Mass Median Diameter =
Characteristic Dia. =
Optimum Slit Width =
Respirable Fraction =
Total Leak Rate =
Respirable'Leak Rate =
Jet Rise =
Particle Section
Diameter Release
Sections Rate
(m) “(kg/s)
1.00E-06 6.82E-08
2.00E-06 2.92E-07
4.00E-06 1.54E-06
8.00E-06 B8.12E-06
1.60E-05 4,.28E-05
3.20E-05 2.24E-04
6.40E-05 1.12E-03-
1.28E-04" 4.53E-03
2.56E-04 7.01E-03
5.12E-04 6.63E-04"

WHC-~SD-WM-CN-052 REV 0

Calculation No, S-CLC-G-00126 j
Sheet No. 71 0f94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms ~

1.06E+02 =m -

1.39E+02 &m

1.62E+02 &m__ _ -

2.78E-03 in 7.05E-05 m

1.26E-03

1.97E-01 gpm 1.24E-05 m3/s 1.36E+01 g/s
2.48E-04 gpm "1.56E-08 m3/s 1.71E-02 g/s
2.02E-01 ft 6.15E-02 m

Cumulative

Release * Cumulative )
Rate Percent

(kg/s) (%) -

6.82E-08 0.00

3.60E-07 0.00

1.90E-06 0.01

1.00E-05 0.07

5.28E-05 0.39

2.77E-04 2.03

1.40E-03 10.28

5.93E-03 43.58 _
1.29E-02 95.12

1.36E-02 00

100.




Spray Leak

Code

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLL.C-G-00126

P SheetNo. 72 of 94

Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

SPRAY Version. 3.2
August- 31, 1995

Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date

i

Run Time =

1
06/25/96/
21:13:31.74

INPUT ECHO:

¢ 10% NaOH

solution, 11 psi, 50 C

¢ SPRAY Code Version 3.2 Input File

c
‘c MODEL op
C

c mode -

TIONS:

program
= 1 for
= 2 for
integer
= 0 for

= 1 for

= 2 for

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation




a a0 o

o a
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Q

WHC-SD-WM-CN-052 REV 0

Rev. 0
T Analysis of NaOH Releases for Hanford Tank Farms -
iopt' - 1nteger flag for flow determlnatlon .
R for optlmal ‘diameter search given 1n1t1a1 guess dlameter and
= 1 for flow based on user spec1f1ed dlameter
= 2 for flow based on user specmfled Reynold s number
mode ifric iopt
2 1 0
PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:
Starting
Particle
Size Geometric Number of ’
{um) Step Size Intervals
1.00000E+00 2.00000E+00 10

PARAMETER INPUT:

Calculation No. S-CLC-G-00126
Sheet No. 73 of 94

Initial Slit : Slit or
Width or .8lit Orifice .
Orifice Dia. Length Depth Reynold's
(in) (in) (in) Number
1.00000E-03 1.‘OOOOOE+00 1.33000E-01 2.000b0E+03
Absolute
Surface
Roughness Contraction Velocity
(in) Coefficient Coefficient
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Calculation No. s-CLC-G-00126 -
s Sheet No. 74 of 94

A Rev. 0
’ Analysis of NaOH Releases for Hanford Tank Farms

c Pressure 0.00006. tube 0.61 and 0 98 for sharp edge
orifice - Lo “‘erv B T T AT SN B

c Differential 0.0018  steel 1.00 and 0.98 for rounded orifice’
¢ (psi) , 010102 iren  1.00 and  0.82 for square edge
orifice ' ’ ' : : ’

c ———————— e

1.10000E+01 1.80000E-03 1.00000E+00 8.20000E-01

c
c Fluid ' Dynamic ’ Respirable RR Fitting
c Density Viscosity Diameter . Constant -
c (g/cc) (centi-poise) (um) {q) ‘
c
1.09420E+00 9.60000E-01 - 1.00000E+01 2.46000E+00
c
c Ambient Wind
c Density Spéed
c (g/cc) (m/s)
c
1.22000E-03 1.50000E+00
MESSAGES:

Slit PModel
Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

ouTPUT:
Liquid Velocity = 2.40E+01 ft/s 7.30E+00 m/s
' 1.27E+03  Laminar  Flow

u

Reynolds Number
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Calenlation No. s.cLé-G-00126
Sheet No. 75 of 94
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' Analysis of NaOH Releases for Hanford Tank Farms

‘ Sautervﬁean Diamégéé =.'i:i1E+02 am

Mass Median Diameter = 1.45E+02 am
Characteristic Dia. = 1.69E+02 zm .

Optimum Slit Width = 3.01E-03 in .  7.66E-05 m

Respirable Fraction = 1.12E-03 -

Total Leak Rate = 2.25E-01 gpm '1.423—05 m3/s 1.55E+01 g/s
Respirable Leak Rate = 2.53ﬁ-04 gpm "1.60E-08 m3/s 1.75E-02 g/s
l Jet Rise = 2.24E-01 ft 6.83E-02 m

?article Section Cumulative
Diameter Release Release - Cumulative i
Sections Rate Rate Percent’
{m) (kg/s) (kg/s) (%) -
1.00E-06 6.96E-08 6.96E-08 0.00
2.00E-06 2.98E-07 3.67E-07 0.00
4.00E-06 1.57E-06 1.94E-06 0.01
8.00E-06 8.29E-06 1.02E-05 0.07
1.60E-05 4.37E-05 5.39E-05 0.35
3.20E-05 2.28E-04 2.82E-04 1.82
6.40E-05 1.158-03 1.43E-03 9.23 3
1.28E-04. 4.78E-03 6.22E-03 40.01
2.56E-04 8.27E-03 1.45E-02 93.26
5:12E-04 1.05E-03 1.55E-02 100.00
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Calculation No. S-CLC-G-00126
Sheet No. 76 of 94
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Analysis of NaOH Releases for Hanford Tank Farms

SPRAY Version 3.2
August 31, 1995

Spray Leak Code

Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

06/25/96/
Run Time = 21:25:29.34

Run Date

INPUT ECHO:

c 10% NaOH solution, 13 psi, 50 C

c SPRAY Code Version 3.2 Input File : ' .
e .

¢ MODEL OPTIONS:

c

¢ mode - program calculation mode
c = 1 for orifice leak

c = 2 for slit leak

¢ ifric - integer flag for friction factor

c = 0 for program selection
c = 1 for laminar relation
c = 2 for turbulent relation




Q

a o a a

[e]

o aQ o o o

- integer flag for flow determination -

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126
Sheet No. 77 of 94

Rev. 0

‘Analysis of NzOH Releases for Hanford Tank Farms

iopt
= 0 for optimal diameter search given initial guess diameter and.
. = 1 for flow based on user specified diameter
= 2 for flow based on user specified Reynold's number
mode ifric iopt
2 1 [
PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS:
Starting
Particle - e - N i
Size Geometric Number of
)(um) Step Size Intervals
" 1.00000E+00 2.00000E+00 10
PARAMETER INPUT:
Initial Slit slit or ’
width or Slit Orifice
Orifice Dia. Length Depth Reynold's
(in) (in) (in) Numbex
1.00000E-03 1.00000E+00 1.79000E-01 2.00000E+03
Absolute
Surface
Roughness Contraction Velocity
(in) Coefficient Coefficient




WHC-SD-WM-CN-052 REV 0

Calculation No. $-CLC-G-00126
T T Sheet No. - 78 of 94

T Rev. 0
T ' Analysis of NaOH Releases for Hanford Tank Farms

c .Pfessﬁre' . 0.00006 tube  O©. 61 and®~ -°':0.98. for sharp edge
Jor%fiqe_; MEL s Fmlocelomaooo L L L L . eIt
¢ Differential 0.0018 steel 1.00 and  0.98 for rounded orifice
c (psi) . .0.0102 iron 1.00 and - 0.82 for square edge
orifice 7 ‘
c

1.30000E+01 1.80000E-03 1.00000E+00 8.20000E-01

c
c  Fluid Dynamic Respirable RR Fitting
¢ Density Viscosity Diameter Constant -
c {g/cc) {centi-poise) (um) . {q)
c . ]
1.09420E+00 9.60000E-01 1.00000E+01 2.40000E+00
c
‘c  Ambient . Wind
c Density Speed
¢ (g/cc) (m/s)
c
1.22000E-03 1.50000E+00
MESSAGES:
8lit Model

Code searxch for optimal equivalent diameter.

Friction factor based on laminar flow.

OUTPUT:
Liquid Velocity = 2.59E+01 ft/s 7.8%E+00 m/s

Reynolds Number 1.51E+03 Laminar Flow

[




Sauter Mean Diameter

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126
Sheet No. 79 of 94
Rev. 0

Analysis of NaOH Releases for Hanford Tank Farms

= 1.15E+02 am

Mass Median Diameter = 1.51E+02 am
Characteristic Dia. = 1.76E+02 am

Optimum Slit Width = 3.32E-03 in  8.43E-05 m
Respirable Fraction = 1.03E-03.

Total Leak Rate = 2.68E-01 gpm 1.6SE-05 m3/s 1.85E+01 g/s
Respirable Leak Rate = 2.75E-04 gpm "1.74E-08 m3/s 1.90E-02 g/s
Jet Rise = 2.58E-01 ft 7.883-02 m

Particle Séction Cumulative
Diameter Release Release Cumulative
Sections Rate Rate. Percent
(m) (kg/s) (kg/s) (%) )
1.00E-~-06 7.57E-08 7.578-08 0.00
2.00E-06 3.24E-07 3.99E-07 0.00
4.00E-06 1.71E-06 2.11E-06 0.01
8.00E-06 9.01E-06 1.11E-05 0.06
1.60E-05 4.75E-05 5.86E-05 0.32
3.20E-05 2.49E-04 3.07E-04 1.66
6.40E-05 1.26E-03 1.57E-03 8.46
1.28E-04- 5.33E-03 6.90E-03 37.28
2.56E-04 1.00E-02 1.69E-02 91.47
$.12E-04 1.58E-03 1.85E-02 100.00
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Spray Leak

Code

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126

Sheet No. 80 of 94

Rev. 0

SPRAY Version 3.2
August 31, 1995

Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date

i

Run Time =

06/25/96/
21:24:45.95

INPUT ECHO:

¢ 10% NaOH

solution, 15 psi, 50 C

¢ SPRAY Code Version 3.2 Input File

(=]

¢ MODEL 0P
o]

c mode -
c

[}

¢ ifric -
c

c

c

TIONS:

program

=1 for

= 2 for
integer
= 0 for
=1 for

= 2 for

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation

Analysis of NaOH Releases for Hanford Tank Farms
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Calculation No. S-CLC-G-00126
Sheet No. 81 of 94
Rev. 0

PN

PR

C nE e - Analysis of NaOH Releases for Hanford Tank Farms .
-‘integer flag for flow determination ' A

c = 0 for optimal diameter search given initial guess diaméter and
Re .. ..ioiee e e e - LER Y R [ A
c =1 for flow based on user specified diameter ‘
c = 2 for flow based on user specified Reynold's number
c .
c mode ifric iopt
2 1 0
c
C PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS :
c
¢ 'Starting i
c Particle
c Size ' Geometric Number of B
c (um) Step Size Intervals
. . -
1.00000E+00 2f00000E;00 . 10
fe)
¢ PARAMETER INPUT:
c .
c Initial Slit Sslit or
o] wWidth or . ' Sslit . : Orifice ._
c Orifice Dia. Length Depth "Reynold's
c (in) (in) (in) Number
c
1.00000E-03 1.00000E+00 2.50000E-01 2.00000E+03
c
c Absolute
c Surface
c ‘ Roughness - Contraction Vélocity
c (in) - Coefficient Coefficient




WHC-SD-WM-CN-052 REV

Pressure

0

Calculation No. S-CLC-G-00126
Sheet No. 82 of 94

0

Analysis of NaOH Releases for Hanford Tank Farms

Rev.

Code search for optimal eqguivalent diameter.

Friction factor based on laminar flow.

OUTPUT:
2.80E+01 ft/s
Number

Liquid Velocity =’ 8.

Reynolds

c 0:6% . and ©0.98 for sharp edge
. orifice . TP Wi ot ot g Smempoo - gow o
¢ Differential 0.0018 steel 1.00 and 0.98 for rounded orifice
c (psi) 0.0102 “iron 1.00 - and 0.82 for square edge
orifice : :
c
1.50000E+01 1.800008-03 1.00000E+00 8.20000E-01
e .
c Fluid Dynamic Respirable RR Fitting
¢ Density Viscosity Diameter Constant .
c (g/ce) (centi-poise) (um) Q)
c
1.09420E+00 9.60000E-01 1.00000E+01 2.4?)000E+00
c
c Ambient Wind
c Density Speed
e ({g/cc) (m/s)
c
1.22000E-03 1.50000E+00
MESSAGES:
Slit Model

54E+00 m/s

1.89E+03 Laminar Flow




Sauter Mean Diameterxr

WHC-SD-WM-CN-052 REV 0

26E+02

Calculation No. S-CLC-G-00126

Sheet No. 83 of 94
Rev. 0
Analysis.of NaOH Releases for Hanford Tank Farms °

1 a&m -
Mass Median Diameter 1.66E+02 a=m
Characteristic Dia. 1.93E+02 am .
Optimum: S1it Width 3.83E-03 in 9.74E-05 m
- Respirable Fraction 8.20E-04
Total Leak Rate 3.35E-01 gpm 2.11E-05 m3/s " 2.31E+01 g/s
‘Respirable Leak. Rate 2.74E-04 gpm " 1.73E-08 m3/s a 1.89E-02 g/s
Jet Rise 3.07E-01 ft 9.37E-02 m '
Particle Section Cumulative
Diameter Release Release Cumulative -
Sections Rate Rate Percent
{m) (kg/s) (kg/s) (%) -
1.00E-06 7.54E-08 "7.54E-08 0.00
2.00E-06 3.23E-07 3.98E-07 0.00
4.00E-06 1.70E-06 2.10E-06 0.01
8.00E-06 8.98E-06 1.11E-05 0.05
1TGOE-OS 4.74E-05 5.84E-05 0.25
3.20E-05 . 2,48E-04 3.07E-04 1.33
6.40E-05 1.27E-03 1.57E-03 6.82 "
1.28E-04 5.61E-03 7.18E-03 31.10
2.56E-04 1.27E-02 1.99E-02 86.00
5.12E-04 3.23E-03 2.31E-02 100.00




Spray Leak Code

e

WHC-SD-WM-CN-052 REV 0

Calculation No. S-CLC-G-00126 j

Sheet No. 84 of 94

Rev. 0

Analysis of NaOH Releases for Hanford Tank Farmsv ’

SPRAY Version 3.2
August 31, 1995

" Produced by Radiological & Toxicological Analysis

Westinghouse Hanford Company

Run Date

Run Time

INPUT ECHO:
€ 10% NaOH solution, 17 psi, 50 C
SPRAY Code Version 3.2 Input File

]

c

06/27/96/
13:18:10.96

¢ MODEL OPTIONS:

c

c

a 0o o a o o

mode -~

ifric -

P

i

roéram
1 for
2 for
nteger
0 for
1 for
2 for

calculation mode

orifice leak

slit leak

flag for friction factor
program selection
laminar relation

turbulent relation

sm g




c iopt -
c -
Re- cen
c
c
c
c

O a o o a a a o0 o o a o o 0

a

WHC-SD-WM-CN-052 REV 0

~‘integer flag £or flow' determination

= 0 for optimal diameter search

Calculation No, S-CLC-G-00126
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" * Analysis of NaOH Releases for Hanford Tank Farms

n initial guess diameter and

= 1 for flow based on user specified diameter

= 2 for flow based on user specified Reynold's number

mode ifric iopt

2 1 0

-

PARTICLE SIZE DISTRIBUTION TABLE PARAMETERS :

Starting

Particle

Size . Geometric Number of

{um) Step Size Intervals

1.00000E+00 2.00000E+00 10
PARAMETER INPUT:

Initial Slit S8lit or

Width or slit Orifice

Orifice Dia. Length Depth

(in) {in) . (in)

Reynold's
Numbex

1.00000E-03

1.00000E+00

Absolute
Surface
Roughness

(in)

3.58000E-01

Contraction

Coefficient

2.00000E+03

Velocity

Coefficient
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T

¢  Pressure. ' 0.00006 tube

orifice » -

c bifferentiai '0.0018 ééeei N
c (psi) 0.0102 iron
orifice ' A

c

1.70000E+01 1.80000E-03

c
c Fluid Dynamic
¢ Density Viscosity
c (g/cc) (centi-poise)
c .

1.09420E+00 9.60000E-01
c
c  Ambient Wind
c Density Speed
¢ {g/cc) (m/s)
c

1.22000E-03 1.50000E+00
MESSAGES :
Slit Model

Calculation No. s-CLC-G-00126 j
Sheet No. 86 of 94
Rev. 0

v Analysis of NaOH Releases for Hanford Tank Farms

0.61

1.00 and
1.00 and_v_'_

1.00000E+00

Respirable
Diameter

(um)

’ an@, SE

0.98 . for sharp edge

'0.98 for rounded orifice

0.82 ' for square edge

8.20000E-01

RR Fitting
Constant

(q)

1.00000E+01

Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

OUTPUT:

Liquid Velocity = 2.97E+01 ft/s
’ Reynolds  Number

2.40000E+00

9.05Ef00 m/s
- 2.31E+03 Critical Flow




Sauter Mean

Diameter
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1 &m

Mass Median Diameter = 1.85E+02 zm ’
Characteristic Dia. = 2.16E+02 a=m

Optimum Slit Width = 4.42E-03 in 1.12E-04 m
Respirable Fraction = 6.28E-04

Total Leak Rate = 4.09Ef01 gpm 2.58E-05 m3/s 2.82E+01 g/s
Respirable Leak Rate = 2.57E-04 gpm -1.62E-08 m3/s 1.77E-02 g/s
Jet Rise = 3,58E-01 ft 1.09E-01 m

Particle Section Cumulative
Diameter Release. Release Cumulative
Sections Rate Rate Percent’
(m) {kg/s) (kg/s) .
1.00E-06 7.07E-08 7.07E-08 0.00
2.00E-06 3.02E-07 3.73E-07 0.00
4.00E-06 1.60E~06 1.97E-06 Q.01
8.00E-06 8.42E-06 1.04E-05 0.04
1.60E-05 4,44E-05 5.48E-05 0.198
3.20E-05 2.33E-04 2.88E-04 1.02
6.40E-05 1.20E-03 1.49E—03 5.26
1.28E-04 . 5.53E-03 7.01E-03 24.83
2.56E-04 1.50E-02 2.20E-02 77.83 ¢
5.12E-04  6.25E-03  2.82E-02. 99.96
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O Analysis of NaOH Releases for Hanford Tank Farms

SPRAY Version 3.2
August 31, 1995

Spray Leak Code
Produced by Radiological & Tox1colog1cal Analysis

Westinghouse Hanford Company

06/25/96/
Run Time =.21:30:53.851

Run Date

INPUT ECHO:
¢ 10% NaOH solution, 18 psi, 50 C
¢ SPRAY Code Version 3.2 Input File -
o : .
MODEL OPTIONS:

mode - program calculation mode

c
c

c

< = 1 for orifice leak
c = 2 for slit leak

¢ ifric - integer flag for friction factor
c = 0 for program selection

c = 1 for laminar relation

= 2 for turbulent relation

[¢]
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Ry

c iopt:.-. integer flag for.flow determination

c = 0 for ‘optimal diameter seaich given initial guess diametéer and
CRe T e S S R T R '
§ o =, =.1 for flow based on user specified diameter
c. = 2 for flow based on user specified Reynold's number
(o] .
c mode ifric iopt
5 N o . - oo - S
c .
¢ PARTICLE SIZE DISTRIBUTION TARLE PARAMETERS:
c : . -
c Starting
c Particle _ . R . . .
c Size '~ Geometric - Number of
c (um) Step Size Intervals
. ‘
1.00000E+00 2.00000E+00 10
.
¢ PARAMETER INPUT:
c
c Initial slit 8lit ox
c Width or Slit Orifice
c Orifice Dia. Length Depth Reynold's
c - (in) {in) (in) Numbex
c
1.00000E-03 1.00000E+00 3.90500E-01 . 2.00000E+03
. .
c Absolute
c Surface . .
c Réughness’v Contraction Velocity
c (in) . Coefficient Coefficient
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Code search for optimal equivalent diameter.

Friction factor based on laminar flow.

OUTPUT:

Liquid Velocity = 3.06E+01 ft/s
) Number

Reynolds

9.32E+00 m/s

2.45E+03 Critical

Sheet No. 90 of 94
“ Rev. . 0

S . Analysis of NaOH Releases for Hanford Tank Farms ’
c Pressure 0.00006 tube "~ 0.61 ‘- and ” 7 0.98° for sharp edge
Lorifjce. . Lol o : S g g
c Differential 0.0018 steel 1.00 and 0.98 for rounded orifice
e (psi) ©0.0102 - irom = 1.00 and * 0.82 ' for square edge
orifice :
c

1.80000E+01 1.80000E—03 1.00000E+00 8.20000E-0%
c
c  Fluid Dynamic ‘Respirable RR Fitting
c Density Viscosity Diameter Coristant
c (g/cc) (centi-poise) “(um) (q)
c

1.09420E+00 9.60060E-01k 1.00000E+01 2.40000E+00
c
c Ambient Wind
c Density Speed
¢ (g/cc) {(m/s)
c

1,.22000E~-03 1.50000E+00
MESSAGES:
Slit Model -

Flow
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L e}

= 1,42E+02 =m e

Mass Median Diameter = 1.87E+02 2m
‘Characteristic Dia. = 2.17E+02 am

Optimum Slit Width = 4.55E-03 in 1.16E-04 m

Reséirable Fraction = 6.18E-04

Total Leak Rate = 4.34E-01 gpm 2.74E-05 m3/s 3.00E+01 g/s
Respirable Leak Rate = 2.68E-04 gpm 1.69E-08 m3/s 1.85E-02 g/s
Jet Rise = 3.76E-01 ft 1.15E-01 m

Particle Section Cumulative
biameter Release Release Cumulative
Sections ‘Rate Rate Percent
(m) (kg/s) (kg/s) -
1.00E-06 7.37E-08 7.37E-08‘ 0.00
2.00E-06 3.15E-07 3.89E-07 0.00
4.00E-06 1.66E-06 2.05E-06 0.01
8.00E-06 8.78E-06 1.08E-05 0.04
1.60E-05 4,.63E-05 5.72E-05 0.19
3.20E-05 2.43E-04 3.00E-04 1.00
6.40E-05 1.25E-03 1.55E-03 5.18 -
1.28E-04 - 5.78E-03 7.33E-03 24.48
2.56E-04 1.58E-02 2.32E-02 77.28
5.12E-04 6.79E-03 . 2.99E-02 99.96
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@uo7

ANA CORP/ BOSTON 45E D BN 25238L4 0003S07 O KN E-I#-os:

4 ereen Cross Linked

117 71

//////////#//////f//f///////

- WORXING PRESSURE

TURE - " Cross Linked Polysthyisna.

*» Conlinuous printad brana/ * Easy identification

100-150 PSI~
REINFORCEMENT 2lexiie beaids—hetical wire, Non-R
COVER EPDM, . Cam and Groove,
COLOR Green. o Coﬂb-rltir;c:q me
TEMPERATURE RANGE = 45°F 19 4.1509F, 3ot Doubre o
TYPE OF BRANDING Imgresson, Secs Bet. Doube o,
SUCTION Full vacuam, * Dependis on Coupling.
Features Benefits Applications
* EPOM cover * Chemical and ozone Chamcal/Patroleumn Incustry . Transer of accs, chem
resant—longer cale, saivenis. ane
pPetrdieun prod.ucts,
¢ Clear cross finked * Chemical, ., NG e Transier cremicals ang
potyethylens tube m ’sotverw resstan schveits lor processing
disclor Buids,

M.\_ Loea’-g.or unioading )

DANA CORP/BOSTON INDUSTRIAL PRODUCTS DIV

~—pumping, suction, or
Qreen cover Qravity flow discharge,
* Smoath bore * Rapid fid Sow :
* Ezsy b clean
* Sefinized Langtns . * Safety and
mainienance records
NoMN; NOMTAL MINDLTM
cobe B haam oo £ STAIARD
[ @ T obs | 00| 5o i)
L0738 254 1 1274 ()
4309781, 1 3 19 X )
7840 17 ) o 20, %)
430378.4; 208 2 228 )
523 3 7% 374y X ] 6. )
. Ceareu 4 1016 % | 1223 2 5334 ]
Swbore yoing any
chuemica) reaiiance )
twoogh &3
»
I

BEST AVAILABLE COPY

CLC-G-00126
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