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- 1.0 INTRODUCTION

This document provides the technical basis and methodology for
qualifying the multifunctional instrument tree (MIT) for installation in
tanks other than the one for which it was originally designed, tank 2415Y101.
The generic evaluation contained in Appendix A of this report, is a parametric
structural analysis that establishes 1imiting parameters or requirements that,
if satisfied, will qualify the MIT structure for installation in a specific
tank. These qualification requirements are grouped in the following areas.

Tank and riser configuration

MIT configuration

MIT installation

Operating Temperatures

Waste properties

Waste rollover load

Mixing pump circulation load
Seismic load

Hydrogen Burn load
Installation/removal accident drop

2.0 METHOD FOR STRUCTURAL QUALIFICATION

Qualification of the MIT structure for installation in a specific tank
is accomplished by verifying and documenting compliance with the requirements
established by the parametric structural analysis. A checklist is provided in
Attachment 1 to assist the cognizant engineer with this structural
qualification. The Tables and Figures identified in this checklist can be
found in the generic evaluation contained in Appendix A. Any requirement _
checked "no" on this checklist invalidates the structural qualification of the
MIT installation, unless further engineering evaluations are performed to
resolve the discrepancy. The completed checklist along with any supporting
evaluations or analyses should then be documented by incorporating them in
this report as an Appendix. .

In addition to the completion of the structural qualification checklist,
the cognizant tank engineer should review the current tank dome load status to
ensure that sufficient dome load margin is available for the MIT installation.
The total load that the MIT will be impose on the tank dome during either
installation of removal will be the weight of the MIT plus the weight of any
installation equipment such as the crane. Following installation, the
cognizant tank engineer should update the dome load inventory log to include
the installed weight of the MIT (925 1bf) plus the weight of any support
equipment for the MIT installation.

Structural qualification of the MIT for a specific. tank installation is
based on the current conditions in that tank. If these conditions change, the
structural qualification must be re-evaluated to ensure it is still wvalid. For
example, if future conditions call for the installation of a mixer pump,
further evaluations would be required to qualify the MIT installation for the
additional mixer pump circulation loads. Other factors that could affect the
structural qualification of the MIT are changes in the depth, specific

"gravity, or viscosity of the waste, changes in seismic criteria for the MIT,

1




WHC-5D-WM-DA-209, Rev. 0

an 1ncrease in the teuperature for either the vapor space gases or the waste,
or an increase in the waste rollover velocity.

3.0 QUALIFICATION REQUIREMENTS

Tank and riser configuration, MIT configuration, and MIT installation
qualification requirements deal with the ability of the tank and riser to
provided adequate support for the MIT and for the MIT structure to withstand
thefagg]icab1e loads without exceeding specified stress limits or failing due
to fatigue

Operating temperature qualification requirements are associated with the
allowable stress values for the materials used to fabricate the MIT. Higher
temperatures could reduce the allowable stress for these materials, thereby
reducing the ability of the MIT to withstand the applicable design loads.

Waste property qualification requirements are prerequisites for the
qualification of other applicable design toads such as the waste rollover
load, the mixing pump circulation load, and the seismic loads.

The qualification requirements specified for design loads are
essentially the same as the loads that were applied in the structural
qualification of the MITs installed in tank SY101. The qualification
requirements for the waste rollover locad and the mixing pump ¢irculation load
provide an option; either demonstrate that the actual waste velocity profiles
and viscosities for a specific-installation are enveloped by those applied in
the SY101 structural qualification or demonstrate that the maximum bending
moment in the MIT is less than the qualified bending moment for the SY101 MIT
installations. Similarly, the qualification requirements for the seismic
loads require the applicable response spectra for the MIT to be enveloped by
or be equivalent to the response spectra applied in the structural
qualification of the SY101 MIT installations.

The hydrogen burn load qualification requirements are specified to
ensure that the MIT will not be ejected from the tank during a hypothetical
hydroggn burn inside the tank dome vapor space. The specified pressure of 70
1bf/in® (gauge) is the same pressure that was applied for the hydrogen burn
for the structural qualification of the MITs installed in tank SY101.

Qualification requirements for the installation/removal accident drop
are specified to prevent the MIT from perforating the bottom tank liner and
causing it to leak.if the MIT were dropped during either installation or
removal. To protect the primary tank liner, the impact velocity of the MIT
must be kept below a critical value. Drag forces on the MIT as it moves
through the waste are capable of reducing the impact velocity below this
critical value providing the specific gravity and waste depth meet the
specified qualification requirements. If these requirements are not met, an
impact limiter should be installed to limit the effect of a possible drop,
unless a more detailed drop analysis can show otherwise.
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ATTACHMENT 1

Checklist for Structural Qualification of MIT for
a Specific Installation

Attl-i




WHC-SD-WM-DA-209, Rev. 0
CHECK LiST FOR STRUCTURAL QUALIFICATION OF MIT FOR
AlSPEGIWCIIHFﬁALLAT“JH

Tank Number 24]- - Installation Drawing

Riser Number MIT Reference Number

(Note: Any requirement checked "no" invalidates the structural acceptance of
the MIT installation, unless further engineering evaluations are performed to
resolve the discrepancy)

Criteria Item Recuiremant

| Actual Value/Status Reference/Comment

Tank Diameter 3 ft

Radial Distance from ' x 28 ft
Conter of Tank to MIT . '

Location

Distance from Tank < 42.5 ft
Floor to Bottom Lip of

Riser
Length of Riser £ 14 ft

Unsupported Length of £ 2.5 ft
Riser Above Sofl

|_Surface
Dome Thickness at MIT : 15 in.

Dome Concrete Strangth t 4,500 lbflinz

Reinforcing Bar Size at : #
MIT Location

Reinforcing Bar Center £ 10 in.
to Center Spacing at
MIT Location (Top and
Bottom, Both "
Directions)

Reinforcing Bar Yield > 60,000 llsflina
Strength

Riser Pipe Size and 4 in. Sch 40
te

Riser Materisl Yield » 30,000 Lbf/in®

Total MIT Weight 1 925 Lbf
Probe Head Weight £ 400 ibf

Nominal Outside 3.5 in,
Diameter of Quter Tube .

Nominal Wall Thickness 0.188 in.
of Outer T".‘i.

Attl-1
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CHECK LIST FOR STRUCTURAL QUALIFICATION Of MIT FOR

A SPECIFIC INSTALLATION '

Tank Number 24]- -

Riser Number

Instatlation Drawing

MIT Reference Number

Criteria [tem

Outer Tube Material
Type

Requirement

Saamless, Stainless
Stesl Tube

Satisfied

Yos

No N/A

Actual Value/Status

Reference/Comment

Outer Tube Material

Yield Strength

x 30,000 Lbf/in®

Sampl ing Port Cutout
Circunferential

| Dimension

5 0.6 in,

Thermocouple Cutout
Circumforential

Dimension
or

|_Chord Dimension

5 1.28 in.

2 1.28 in.

Wall Thickness Removed
for Circumterential
Weld Backing Ring

or

Partial Circumferential
Weld tlaw Size (Length
X Depth)

or

Full Circumferential

< 0.023 in.

$ 0.625 x s 0.04 in.

£ 0.032 in.

Uniform ¥eight of MIT
Below the Riser Flange

|_Connections

s 525 1bf

Height of Probe Head
Center of Gravity Above

_Riser Flonge Connection

5 4 ft

Top Edge of
Thermocouple #22 Cutout
t

=73 in.

Gas Temperature in
_Vapot_Space

s 110 *F

Waste Temperature

1 140 °F

Waste Dapth 250 to 420 in.
Specific Gravity £ 1.7
Viscoaity < 25,000 cP ‘

Attl-2
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CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR

A SPECIFIC INSTALLATION
Tank Number 24]- - Instaltation Drawing
Riser Number MIT Reference Number
Criteria Itemm Requi rement Satisfied Actual Valus/Status Reference/Comment

Max{mum Vaste Velocity Velocity Erweloped by
over Top 10 Fest of Applicable Velue fram
Waste (Waste Velocity Figure 3.6.2-1 and
Sslouw 10 Foot Dapth Figure 3.4.2-2

Effectively Zero)
or

Sending Moment in NIT 5 13,487 lb-in
Outer Td{n at Bottom
i

Velocity Profile and Velocity Profile ] - .
Mixed Waste Velocity at | Enveloped by Figure
MIT Location 3.:53-1 and Viscosity

1 cpP

or

Bencling Moment in MIT 5 17,686 in/in
at Bottom |ip or Riser

strain Amplitude (1/2 < 180 & in/in Mode 1
of Strain Range) in MIT 5 139 & in/in Mode 2
Outer Tube at Bottom Vibration Mode 2

Lip of Riser for Applicable only if
Vibration Modes 1 and 2 | Flow Velocity at MIT
Location Exceads Mode
2 "Lock-In* Velocity

or of 1.9 ft/s

Show that Vortex Verify Through In-Situ
‘Shedding s not Teata

Present.

Seismic Responss Enveloped or
Spectra for Structure Equivalent to the
Inertial Load Resporse Spectra in

SDC-4.1, Rev. 12, for
a0.29g th.nkcat

5% Cr!tlcgl Damping
Seismic Reaponse Enveloped or
Spectra for Yaste Eq.ilvatlnt to the
Sloshing Load esponse Spectra in

soc &.1 Rev. 12, for
al.2g Earthquke at
0.5%Criticat Damping
(scaled from spectral
values for 2% eritical ’ *
gdamping

< 70 Lbf/in®

Attl-3
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CHECK LIST FOR STRUCTURAL. OUALIFICATION OF MIT FOR

A SPECIFIC INBTALLATION
Tank Number 241- - Installation Drawing
Riser Number MIT Reference Number
Criteria Item Requirement Satisfied Actual Value/Status Reference/Comment

Tenaile Load Capacity 1,760 Lbf
of Botting that
MIT to Riser

Weste Depth and Record Winimm

Viscosity Specific Gravity
& Minimm Required
Valus from

or Figure 4.2-1 for

Actual Waste Depth
Use Impact Limiter for impact Limiter Capable

MIT Installation of Absorbing Drop
Emrlz

Based on the above checklist results, the indicated MIT installation is
structurally qualified.

Cognizant Engineer Date,

Cognizant Manager . Date
Independent Review Date
NOTES:

REFERENCES:

Attl-4
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~ APPENDIX A

Generic Evaluation of Tank 2415Y101 MIT Design for
Installation in Other Tanks '
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WNC - Evaluation of Tank 26157101 Prepared By: ’f "

MIT Design for Other Tarks 1o/ lf/?f
Subject comparison of Tank/Veste Design Parasmeters - Reviewed Date 0 A zf?s
System Job No. File No. N

Multifunction lnatrument Tree (MIT) 25010 $5010.1.1
Client Calc. No. Sheet No. ,_, Rev.No.

1.0 INTRODUCTION

The Multifunction Instrument Tree (MIT) design has been or is
proposed to be used for tanks other than the 241SY101 (SY-101) double-shell
tank. Some of the waste parameters for some of the other tanks may be
different than those. for the SY-101 tank. In addition, the current
qualification for the design of the MIT in tank SY-101 (ADVENT 1994) is
based on specific structural and strength qualities which must be
maintained to ensure structural adequacy when subjected to the loads for
the other tanks. This study is performed to identify limiting parameters
(or applicability requirements), associated with the waste and the MIT
structure, based on the SY-101 MIT design and drop analysis, which will
allow a cognizant engineer to determine the acceptability of the existing
MIT design for use in other tanks.

-1 A FRIFERIT
AT 21T 2

ANOINEERING SERVICES, INC.
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Calculation Sheet

provided in ADVENT 1994.

JANK NO.

SY-103
AW-101
AN-103
AN-104
AN-105
A-101

anticipated that the resu
applicability requirements which will allow a cognizant engineer to

sting MIT design for use in the

Project  WHC - Evaluatfon of Tank 24157101 Prepared By: Date /

MIT Design for Other Tanks /0//3 75
Subject comparison of Tank/Waste Design Parameters Reviewed B%/ Date /O/?/?l T
System JobNo. (/7 File No. )

Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Calc, No. Sheet No. 2-1 Rev.No. ,

2.0 SCOPE

The scope of the study includes a review of the existing MIT design,
the associated waste and structural parameters, and the drop analysis
Although not explicitly addressed herein, it is
1ts of this study will provide the necessary

determine the acceptability of the exi
100-series single-shell and double-shell tanks, including the following:

TANK _TYPE

Double-Shell
Double-Shell
Double-Sheil
Double-Shell
Double-Shell
Single-Shell

~ ki€s
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Project WHC - Evaluation of Tank 241SY101 Prepared By: te
M{T Design for Other Tanks W IOﬁJ/?f
Subject . . Reviewed By: 4 Date
Comparison of Tank/Waste Design Parsmeters 4 ‘P W ia[fﬂ{q <
System Job No. i | File No. '
Multifunction Instrument Tree (MIT) - 95010 95010.1.1

Client Calc. No. Shest No. 3_ 1 Rev. No. ,

3.0 DESIGN PARAMETERS

The design parameters important to this study include the following:

. Tank and riser configurations
. MIT installation (riser locations and vertical pesition in
riser)
. MIT configuration
. Waste parameters
- Specific gravity
Viscosity

- Waste level
- Layers of different materials

IS Temperature of the gas volume above the waste near the top of
the tank.

. Applicable loads

Deadweight loads

Waste Roliover loads

Mixing Pump Circulation loads
Design Basis Earthquake
Sloshing loads

Hydrogen Burn Event Loads

L) ¥ ] ] (] []
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Project wwc - Evalustion of Tank 24187101 Prepared By: L oy Date “‘Mhs
Subject Reviewed By:
Comparison of Tank/Waste Design Parsmeters o R- AA'L-IIJ.A' Dute 1 } lﬂ il
System Job No. File No.
1) 95010 25010,1,1

Client Calc. No.

3,1 TANK AND RISER CONFIGURATION

The tank dimensions that affect the MIT design are the inside’
diameter of the primary liner and_the height- of the primary liner (or.
distance of the riser bottom 1ip above the tank-floor) and the dome
characteristics that affect the structural capacity of the dome in the
vicinity of the MIT lecation.

Based on the SY-101 MIT’deSign;'the'tank“iﬁd:fiser configuration is
acceptable if the following applicability requirements are satisfied:

. Tank diameter = 75'ft
. Distance of riser bottom 1ip above tank floor < 42.5 ft
. Length of riser s 14 ft |

. Unsupported length of riser above the soil surface s 2.5 ft
. MIT location dome‘thickne;s z 15 in )
. MIT location dome reinforcement = #6 at 10 in. on center

(top and bottom, both directions)
. Rebar yield strength = 60,000 1bf/in?
. Dome concrete strength = 4,500 1bf/in’.
. Riser is 4" Schedule 40 pipe of mate;ia] with a minimum yield stress
greater than or equal to 30.0 kip/in®.
3.2 MIT INSTALLATION (RISER LOCATIONS and DIMENSIONS)

The dimensions associated with the location of the MIT that affect
the MIT design are the radial distance from the center of the tank to the
MIT, the radial distance from the Mixer Pump to the MIT, and the distance
from the riser bottom 1ip to the tank floor.

Based on the SY-101 MIT design, the MIT Tocation dimensions are
acceptable provided the following applicability requirements are satisfied:
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Project yc - Evaluation of Tank 2413Y101 Prepared By: 400 Date "“
Subject Reviewed By: , r
Comparison of Tank/Maste Design Parameters B A HEeLIGA Date nhr’ Sl
System Job No. File No. :
_Multifuncrion Instriment Tces (MIT) 25010 25010,3.1

Client Caic. No. Sheet NO-S_ Rav. No.

. Radial distance from the center of the tank to the MIT 2 28 ft
. Distance of riser bottom 1ip above tank floor < 42.5 ft

3.3 MIT CONFIGURATION

Based on the SY-101 MIT design, the MIT configuration parameters are
acceptable provided the following applicability Fequirements are satisfied:

. Total MIT assembly weight s 925 1bf

. Uniform MIT weight below riser flange connection = 525 1bf

. Probe heid weight s 400 1bf: '

. Distance of probe head c.g. above riser flange connection < 4 ft
. Nominal MIT outer tube outside diameter = 3.5 in

. Nominal MIT outer'tube"wall'thicknesé;-'0.1875 in

. MIT outer tube material is ;eam]ess stainless steel with a minimum
yield stress of 30.0 kip/in

. Sampling port cutout circumferential dimension = 0.6 in
. Distance from thermocouple patch edge to bottom of riser 1ip 2 73 in

. Thermocouple patch (arc) chord dimension s 1.25 in
(or circumferential dimension s 1.28 in)

. Circumferential weld flaw size < 0.625 in. long and < 0.04 in. deep
. Wall thickness removal due to backing ring milling < 0.023 in

. Full circumferential weld flaw size < 0.032 in. deep
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Multifunction [nstrument Tree (MIT) 95010 95010.1.1
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3.4 WASTE PARAMETERS

Based on the available information provided in WHC-EP-0711 and
WHC-SD-WM-RD-027 (the Structural Design Specification (SDS) for the SY-101
tank), the applicable waste parameter values are shown in Table 3.4-1. Due
to their variability, especially waste level, consideration is given to a
range of possible values for specific gravity, viscosity, and waste level.

3.4.1 Specific Gravity

The specific gravity values evaluated as part of this study vary from
1.0 to greater than 1.7. The acceptability requirements for specific
gravity are addressed in the various sections pertaining to the applicable
Joads (see sections 3.6 and 4.2).

3.4.2 Viscosity

The viscosity values evaluated as part of this study vary from 20
centipoise to 25,000 centipoise. The acceptability requirements for
viscosity are addressed in the various sections pertaining to the
applicable loads (see sections 3.6 and 4.2).

3.4.3 Waste Level

Waste levels evaluated in this study vary from 250 inches to 420
inches. Waste level acceptability requirements are addressed in the
various sections pertaining to the applicable loads. {sections 3.6 and 4.2).

3.4.4 Layers of Different Waste Materials

The MIT design for the SY-101 tank considered both non-layered waste
and layered waste conditions. Based on available information provided in
WHC-EP-0711, there is no significant layering of different waste materials
that would require consideration of a variation of specific gravity through
the depth of the waste (as there is for the SY-101 tank). Therefore, no
further evaluation for the potential effects of layered waste is required.
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Table 3.4-1. Waste Parameters

TANK Specific Gravity Viscosity Waste Level
NO. !centiEoise! s{nchesz
‘| Sy-101 1.0 to 1.7 20 to 25,000 _ 400
SY-103 1.0 to 1.6 {1) 270 to 350
AW-101 1.0 to 1.6 (1) 404 to 418
AN-103 1.0 to 1.6 (1) 385 to 400
AN-104 1.0 to 1.5 (1) 3185 to 400
AN-105 1.0to 1.6 | (1) 408 to 413
A-101 1.0 to 1.7 (1) 341 to 348

Notes to Table 3.4-1
1. Not Available
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3.5 WASTE and GAS VOLUME TEMPERATURE

The allowable yield stress of 30 kip/in® for the SY-101 MIT was based
on a gas volume temperature of less than 100 °F and ASTM A-511 annealed
stainjess steel. The maximum stresses {mostly bending) occur near the
bottom of the riser 1ip {near the top of the gas volume). The WHC-EP-0711
report indicates that gas volume temperatures in some of the tanks may
approach 110 °F. Based on the ASME Boiler & Pressure Vessel Code Appendix .
I, Table [-2.2 valges for high alloy austenitic steels with a minimum yield
value of 30 kig/in (Type 304 steels), the yield stress allowable at 110 °F
is 29.5 kip/in“. This represents only a 1.67% decrease in allowable stress
due to the higher temperature and is considered insignificant.

Although the waste tempe;ature (approximately 140 °F) is higher than
the gas volume temperature, the decrease in allowable due to this higher
temperature does not govern the analysis because the bending moments in the

waste are much less than the controiling bending moments near the bottom of
the riser lip.

Therefore, based on the SY-101 MIT design, the waste and gas volume
temperatures are acceptable provided the following applicability
requirements are satisfied:

. Gas volume temperature ¢ 110 °F

. Waste temperature < 140 °F.

3.6 APPLICABLE DESIGN LOADS
3.6.1 Deadweight (D)

WHC-SD-WM-RD-027 (the SDS for the SY-101 tank) specifies that the MIT
shall not weigh more than 1,000 1bf. However, the existing analysis is
based on a MIT weight of 525 1bf uniformly distributed below the riser
flange connection location and a concentrated weight of 400 ibf located
above the riser flange connection for a total weight of 925 1bf.

Therefore, based on the SY-101 MIT design, the deadweight loads are
acceptable provided the following applicability requirements are satisfied:

. Total MIT assembly weight < 925 1bf

-8 - e o i —— o —
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©3.6.2-1 and 3.6.2-2. (The momént it the bottom of the riser Tip produced

L-lI-lll---------------------------.....................J,

1) 95010 $5010.1.1

. Uniform MIT weight below riser flange connection < 525 1bf

. Probe head weight above riser s 400 1bf
3.6.2 Waste Rollover.(WRO)

Waste Rollover loads are fluid drag loads on the MIT tube produced by
a uniform waste Velocity profiTe over the uppermost 107 ft of the waste (and
zero waste velocity at greater depths). Following the approach used in
ADVENT 1994, the waste rollover drag loads and resulting critical bending

moment in the MIT tube are calculated according to the waste level, waste
velocity, waste density, and waste viscosity.

From sheet 8-9 of ADVENT 1994, the critical bending moment in the
SY-101 MIT tube due to waste rollover loads is 13,059 1bf-in (located at
the gas sampling port 5 in. below the riser lip and developed by applying a
factor 0.893 to a bending moment of 14,624 1bf-in on sheet 8-7). Tables
3.6.2-1 through 3.6.2-5 summarize sets of conditions which produce this
same bending moment. -The data from these tables are plotted in -Figures

by WRO is only 3.3% larger than at a location 5 in. lower. As there is
more than adequate margin to account for this larger moment, Figures 3.6.2-
1 and 3.6.2-2 are valid even if-a gas sampling port is located directly at
the bottom of the riser 1ip.) Formulas and variables used in the
calculations are as follows: - - - -

R = Rejﬁo1&‘§ Number -luﬁ/i

¢, = drag coefficient for a cylinder = f(R)r
F,, = waste rollover load on MIT tube per unit length = CApu’/2

M, = critical bending moment in MIT tube due to waste rollover
= Foll)(x - h+L)

where u « uniform waste velocity over the uppermost 10 ft of the waste
D = MIT tube outside diameter = 3.5 in
v = waste Kkinematic viscosity
A » projected area per unit length of MIT tube = D
P = waste mass density
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L = Joaded tength of MIT tube = 120 in

X = distance from the critical MIT tube section to the bottom of
the tink = 492.2 in '”

h = waste level

The dfag c&e?fié;ént C, is qa]culatea'ﬁia 169-1og interpolation
between the following points (Ref. ADVENT 1994,_Figure 6.1):

Reynold’s Number {R} | Drag Coefficient (C

20.0 2.0
5.0 3.8
2.0 7.0

T 0.1 : . 60.0

Figure 3.6.2-1 illustrates the maximum allowable waste rollover
velocity for any given waste level assuming the specific gravity of the
waste is 1.5. The three curves provided illustrate sensitivity to the
absolute -viscosity of the waste. Figure 3.6.2-2.illustrates the maximum
allowable waste rollover velocity for any given waste level assuming the
absolute viscosity of the waste is 25,000 centipoise. The three curves
provided illustrate sensitivity to waste specific gravity.

Waste parameters affecting MiT response due to waste rollover are
waste level, waste rollover velocity, waste density, and waste viscosity.
Representative values of these waste parameters that combine to define the
applicability requirements of the existing MIT design are illustrated in
Figures 3.6.2-1 and 3.6.2-2.

Therefére, based on the SY-101 MIT design, Waste Rollover loads are
acceptable provided. the following applicability requirements are satisfied:

. The maximum waste velocity over the top 10 feet of waste is to be
enveloped by the applicable value from Fi?ure 3.6.2-1 and Figure
3.6.2-2 with effectively zero velocity below the 10 foot depth or the
maximum bending moment at riser 1ip caused by the forces associated
with the velocity distribution must not exceed 13,487 1b-in.

. 250 inches s waste level < 420 inches

v ADVENT
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3,6.3 Mixing Pump Circulation {MPC)

The MPC loading evaluated for the SY-101 MIT (ADVENT 1994) is based
on waste velocity information provided in Attachment 2 to the SDS for the .
SY-101 tank and the resulting velocity profile is shown in Figure 6.2 of
ADVENT 1994. From the velocity profile a drag load profile is calculated
and is shown in Figure 6.4 of ADVENT 1994, The drag load profile shows
that the only significant drag loading on the MIT occurs over the lower 200
inches of waste. Therefore, for waste ievels of 250 inches to 420 inches,
the velocity profile is likely to be similar to the one used for the SY-101
MIT and to ensure that the maximum MPC moment due to drag loads would be no
greater than for the SY-101 MIT, the velocity magnitude profile should be
enveloped by the Figure 3.6.3-1 velocity magnitude profile provided herein.

Flow-induced vibration due to vortex shedding caused by the MPC
velocity profile is conservatively controlled by imposing the same limits
on flow velecity magnitudes and on strain limits as those imposed for the
$Y-101 MIT. The conservatism occurs because at lower waste levels the
structural frequencies increase slightly and move further from the SY-101
MIT vortex-shedding "lock-in" frequencies.

Therefore, based on the SY-101 MIT design, the Mixing Pump
Circulation loading is acceptable provided the following applicability
requirements are satisfied:

. Velocity profile enveloped by Figure 3.6.3-1, specific gravity < 1.7
and mixed viscosity < 500 centipoise or the maximum bending moment at
the riser 1ip caused by the forces associated with the velocity
distribution must not exceed 17,686 1b-in

. 250 inches < waste level < 420 inches

. Unless it can be verified, through in-situ tests, that vortex
shedding is not present:

iMo?e 1 strain amplitude (% range) < 189 microstrain (at riser
ip

-Mode 2 strain amplitude (% range) < 139 microstrain (at riser’
1ip) for flow velocity in excess of the mode 2 "Tock-in"
velocity of 1.9 ft/s
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3.6.4 Design Basis Earthquake (DBE)

The DBE evaluation for the SY-101 MIT provided in ADVENT 1994 is
based on the superposition of two load considerations: an equivalent static

"buoyancy" load and an inertia load, which includes the effects of added
mass.

The equivalent static "bucyancy” loads determined in section 6.4 of
ADVENT 1994 are based on a conservative peak spectral acceleration of
0.44 g (to provide the maximum possible buoyant force per unit length), a
specific gravity of 1.7 and a waste depth of 400 inches. The acceleration
level used in the development of the "huoyancy" load is taken from the 5%
damped spectrum presented on sheet Bl (of Attachment B) of ADVENT 1994.
The conservatism contained in the 0.44 ¢ (vs. 0.42 g) spectral acceleration
is sufficient to justify the applicability of the qualification to waste
depths of up to 420 inches.

The weight distribution of the MIT assembly below the elevation of
the riser flange was taken as uniformly distributed, totaling 525 1bf and
the weight of the probe head is represented by a 400 1bf concentrated
weight located 4 ft above the riser flange.

The DBE inertia load was evaluated in ADVENT 1994 by means of
response spectrum modal analysis. The input loading to the analysis were
response spectra, one response spectrum for each of three orthogonal
directions of seismic input, e.g. North-South, East-West and Vertical; each
consistent with the 5% damped spectrum shown on sheet Bl (of Attachment B)
of ADVENT 1994. It is important to note that the use of the identified
spectrum in.the prediction of vertical seismic response (same as
horizontal) implies that for the dome-mounted MIT there is a uniform
amplification (across all frequencies) of the vertical free-field seismic
excitation. The amplification factor is 1.5.

Julyk 1995 presents recommendations for in-structure vertical
response spectra for dome-mounted equipment which are intended to address
amplification due to the dynamic motion of the dome. Julyk 1995 provides
in-structure response spectra in its Figure 5 with corresponding
amplification factors in its Figure 6. The dynamic analysis of the MIT
reported in ADVENT 1994 revealed that the fundamental vertical mode of the
MIT was above 33 Hz. Figure 6 of Julyk 1995 indicates that for frequencies
above 33Hz., the dome vertical amplification factor is no more than 1.5 for
locations greater than a 21 ft. from the center of the dome. Consequently,
the 1.5 amplification of vertical free-field seismic excitation implied in
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the existing MIT analysis envelopes the requirements of Julyk, 1995.

The MIT’s fundamental bending mode dominated its horizontal inertia
Joad response. A review of the input spectrum provides a basis for
reaching conclusions regarding the effects of variations in waste depth
(250 to 420 inches) on the MIT seismic inertia loads. ADVENT 1994
predicted the fundamental bending mode of the MIT, for 400 inches of waste
depth, to be 0.24 Hz., just below the control point between the constant
displacement and constant velocity regimes of the input spectra. A
reduction in waste depth results in a decrease in the added mass of the
fiuid surrounding the MIT, and a consequently small increase in its natural
frequency. The small increase in natural frequency, if sufficient to allow
for a cross into the constant velocity regime of the spectrum (where
spectral displacements are decreasing), would result in a decrease in
predicted seismic inertial response; if insufficient, would result in no
change in predicted seismic inertial response (constant spectral
displacement). The small increase in waste depth to 420 inches results in
an increase in the added mass of the fluid surrounding the MIT, and a
consequently small decrease in its natural frequency, resulting in no

change in predicted seismic inertial response (constant spectral
dispiacement). :

Therefore, based on the SY-101 MIT design, the DBE loading is
acceptable provided the following applicability requirements are satisfied:

. A seismic design basis, enve1obed by or equivalent to the SDC-4.1
- Figure 3 response spectrum - 0.2 g (5% critical damping)

. 250 inches < waste Tevel < 420 inches
. Specific gravity < 1.7
. | Viscosity < 25,000 centipoise.

LT

3.6.5 Waste Sloshing (SL)

The sloshing evaluation for the S$Y-101 MIT provided in ADVENT 1994 is
based, in part, on the slosh frequency and displacements provided in
Attachment 6 (Tank Slosh Displacements) to the SDS for the SY-101 tank. -
The following approach and equations are based on the calculation presented
in the SDS Attachment 6. The SDS Attachment 6 calculation provides the
first mode slosh frequency and displacements using a simplified approach

A-13. - - -
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from Blevins 1979 that is based on the following assumptions:

(1) The 1iquid is homogenous, jnviscid, irrotational, and incompressible.

(2) The boundaries of the basin (the tank wall and floor) are rigid.

(3) The wave amplitudes are sufficiently small in comparison with the
wavelengths and depths to permit nonlinear effects to-be neglected.

(4) The influence of the surrounding atmosphere is negligible.

(5) The influence of surface tension is negligible.

Justification of the validity of these assumptions is beyond the
scope of this calculation. However, it is noteworthy that the equations
presented in BNL 52361 for sloshing are the same as the equations presented
in Blevins 1979 and therefore, rely on the same set of assumptions.

The slosh frequency is a function of the waste Tevel and is given by
the following equation:

f=_L [gktanh (kh)]®®
21

where frequency 4Hz)
32.2 (ft/s)

AR (Ft7)

mode coefficient from Blevins 1979 = 1.841 for first mede
radius of tank (ft) = 37.5 ft

fluid height (ft).
Therefore, k = 1.841/37.5 = 0.0491 (ft™').

f
g
k
A
R
h

The maximum vertical slosh displacement for the first sloshing mode
occurs at the outer radius of the waste surface and is given by:

n, = 0.837 R S, (12 in/ft)

where n, = max. vertical siosh displacement (in)}
§, = spectral acceleration at the natural frequency (g)

Using the interpolated SDC-4.1 spectral accelerations for a 2%-damped
0.2 g earthquake, a(2%), and scaling by the same factor of 1.17 used in the
SDS Attachment 6 to obtain 0.5%-damped (SDS Attachment 6) spectral
accelerations, a{0.5%), the following equation is used to obtain the
maximum vertical slosh displacements, d(maxv},
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d(maxv) = 0.837 R a{0.5%) (12 in/ft)

where d{maxv) = max. vertical slosh displacement (in)
a(0.5%) = 0.5%-damped spectral accel. at the natural freq. (g).

The maximum horizontal displacement occurs at the center of the tank
at the waste surface and is obtained by scaling d{maxv) by the ratio

d(maxh) _ gk
d(maxy) 24%9,(kR)

where d(maxh) = max. horizontal s]o;h displacement (in)
w = fundamental frequency (s ')
J;{) = Bessel function of the first kind.

Similarly, the minimum displacement at the center of the tank occurs
at the bottom of the waste and is obtained by scaling d(maxh) by the ratio

d(minh) - 1
d{maxh) cosh(kh)

where d(minh) = min. center horizontal slosh disp]acehent {in).

The SDS Attachment 6 provides an equivalent slosh displacement of 9.8
inches at the center of the tank so that a velocity-squared dependent drag
force, uniform with respect to depth, z, produces the same bending moment
as the nonuniform slosh displacement profile, d,, which is dependent on

F(z) = SOSH (kLR +Z))
cosh(kh)

and thus,

hd.z(s+.g. ) =2} (s-2) F(2)dz

where d_ = equiv. displacement to produce equivalent bending moment (in)
s = distance above waste level to the riser lip (ft)
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The values used in the SDS Attachment 6 for h and s of 35.2 ft (or
422.4 in) and 24.4 ft (or 292.8 in), respectively, are conservative.
Because the maximum moment occurs near the riser 1ip, the actual s value
corresponding to an h of 35 ft (or 420 in) is only about 7 ft (or 84 in).
Therefore, the following calculations are based on a total distance from
the end of the MIT to the bottom of the riser lip of h + s = 42 ft.

Using the solutions derived in the SDS Attachment 6 and by
substitution, the equation for determining d, is:

A | SR | [Zkhninh(zkh)] _ % (k202 + khsinh(2kh) - %(cosh(2kh) - 1)) | 2kh + .inh(:kﬂ}”""z
¢ s/l B axhooshi(kh) {kh)? cosh?(kh) #kh cosh (k)

Some reduction of d, can be obtained for locations at a given radial
distance from the center of the tank. The SDS Attachment 6 shows that at a
Jocation of one-half the tank radius {or 18.75 ft), d, can be reduced using
a factor of 0.898. This factor is an envelope of the largest reduction
factors for both radial and tangential displacements (te account for the
variability in earthquake direction). Similarly, the reduction factor for
a location at a radial distance of 28 ft from the tank center is calculated
as:

dos _23;(kr)
d kr

o

where d ., = slosh displacement at a 28 ft radius (in)
r = 28 {ft).

Table 3.6.5-1 shows the calculated fundamental slosh frequencies and
the associated spectral accelerations, maximum vertical slosh displacements
and maximum and minimum (at the tank center) horizontal slosh displacements
and equivalent slosh dispiacements for a range of waste levels from 250
inches to 420 inches. The table indicates that for the range of waste
levels considered, the slosh frequencies are not very sensitive to waste
level (e.g. a 30% reduction in waste level from 400 inches to 280 inches
results in only a 6.2% reduction in frequency from 0.193 Hz to 0.181 Hz)
and the maximum horizontal displacements are virtually unaffected by
changes in waste level (constant at approximately 18.6 inches). However,
the table indicates that the slosh displacements at the bottom of the tank
increase with decreasing waste depth and likewise, the equivalent slosh
displacements to be applied in the slosh amalysis aiso increase with
decreasing waste depth. Figure 3.6.5-1 shows a plot of the fundamental

M
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slosh frequencies and equivalent slosh displacements at a radius of 28 ft
for the range of waste levels considered.

The Table 3.6.5-1 equivalent displacements at a radius of 28 ft and
the frequencies for waste levels of 250, 300, 350 and 400 inches are
used to perform the slosh analysis. The maximum moments are calculated for
the controliing case (slosh case 3 from ADVENT 1994) using the following
prugram};gd compared to the ADVENT 1994 slosh case 3 maximum moment of
11,751 -in. :

The slosh analysis results show that the maximum moment of
10,919 1bf-in occurs at a waste level of 250 inches and that the maximum
moment decreases with increasing waste level. However, this maximum value
is less than the previously qualified moment of 11,751 ibf-in reported in
ADVENT 1995. )

Therefore, based on the SY-101 MIT design, the waste slosh loading is
acceptabie provided the following applicability requirements are satisfied:

. A seismic design basis, enveloped by or equivalent to the SDC-4.1
Figure 3 response spectrum - 0.2 g (2% critical damping), which is
scaled to obtain spectral values at 0.5 % critical damping

. 250 inches < waste level < 420 inches

R Specific Gravity < 1.7

. Viscosity < 25,000 centipoise.
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Program MITSA.EXE Source Code
cC
CC Cylinder / Sloshing Dynamics Interaction
cc :
Integer _ Num,Cycle
Double Precision k(6,6),m(6),d,cps,w,f(6),t
Double Precision Dmax(G),Vmax(S),Amax(G),Hmax,1(6)
Integer COmax(6),CVmax(6) ,CAmax(6),CMmax
Double Precision ° Dr(6),Vr(6),Ar{6),Fr(6)
Double Precision tt,Vs,sig(6),Mo,mm(6)
Douyble Precision Vi(6), Cd(6), Re(6)
Double Precision Fk(6), Fv{(6), Smax
Doi = 1,6
c Write(*, '{ /36H Enter Cylinder Mass (1b) -->,\)")
Read(*,*)m{1i) :
¢ Write(*, '{ /36H Enter Trib. Drag Length (in) --> ,\}’)
Read(*,*)1(1) ‘
¢ Write(*, '{ /36H Enter Viscosity (centipoise) -->,\)’)
Read(*,*)Vi(i)
c Write(*, ’{ /38H Enter Moment Matrix Term (in-1b/in)> ,\}')
Read(*,*)mm(1) :
Do j=1,6
c Write(*, ’( /36H Enter Stiff Matrix Term {1b/in) -> ,\))
Read (*,*)k(i,J)
Enddo
Enddo
c Write(*, '( /36H Enter Sloshing Max Disp (in) -->,/)")
Read(*,*)d
c Write(*, ’( /36H Enter Sloshing Frequency (cps) --> ,/)’)
Read({*,*)cps
c Write(*, ’( /36H Enter Integration Time Step (s)--> ,/)’)
Read{*,*)t
c Write(*, ‘( /36H Enter Number Of Cycles -=>,/))
Read(*,*)Cycle
Write(*, '(/)")
Write(*, ' (/324 Mass Matrix (1b) }')
Do i = 1,6
Write(*, ’(12,F12.3)")i, m(i)
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Enddo
Write(*, ‘{/32H Trib. Drag Length Matrix {in) )’)
Do i = 1,6
Write{*, ’'(12,F12.3)")i, 1(i)
Endde
Write(*, ’(/36H Cylinder Stiffness Matrix {1b/in) 3
Write(*, ’(I12,5111)')(i,i=1,6)
Do i=]1,6
Write(*, ‘(12,F12.3,5F11.3)")i,(k(i,3),Jj=1,6)
Enddo
Write(*, ’(/36H Cylinder Moment Matrix (in-1b/in) )')
Do i=1,6
Write{*, '(I2,F15.5)’')i,mm(i)
Endde
Write(*, ’'(/32H Viscosity Matrix (centipoise} }')
Do i=1,6 .
Write(*, ’'(12,F12.3)")i,Vi(i)
Enddo
Write{*, ’(/36H Sloshing Max Disp (in) --> ,F12.5}')d
Write(*, ’'(36H Sloshing Frequency (cps) --> ,F12.5)’ )cps
MWrite(*, '(36H Integration Time Step (s) -=> ,F12.5)')t
Write(*, ’(36H Number Of Cycles --> ,112,/))Cycle
ti=0

w = cps * (2.%3.1415926)
Vs = w* d* cos(w* tt)

Doi=1,6
m(i) = m(i) / 386.4

Dmax(i) = 0.0
Vmax(i) = C.0
Amax(i) = 0.0
Mmax = 0.0

CDmax(i) = 0
CVmax(i) = 0
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Multifunction Instrument Trae (MIT) 95010 95010.1.1

Client Calc. No. Sheet No, 3, 18 Rev.No. ,

CAmax(i) = 0

CMmax = 0 .

Dr(i) = 0.0

Vr(i) = 0.0

If (1¢i).1t..001) gote 105
sig(i) = 1.0
If(Vs .1t. Vr{i)) sig(i) = -1.0

Re = Abs(Vs - Vr(i)) * 3830. / Vi(i)
Call Reynolds{ Re(i), Cd(i))
105 F(i) = .1111 * cd(i) * 1(i) / 400

Fk(i) = 0.
Fv(i) = 0.

Do j = 1,6

Fk(i) = Fk(i) - k(i,3) * Dr{J)

Fv(i) = Fv(i) - .1 * k(i,3) / w * Vr(j)
Enddo

Fr(i) = sig(i) * F(i) * (Vs - Vr(i))**2. + Fk(i) + Fv(i)
Ar{i) = Fr(1) / m(i)
Enddo

Num = Float(Cycle}/cps/t
Do kk = 1, Num
tt = tt + t

Doi=1,6

Dr(i) = Dr(i) + Vr(i)*t + 0.5*Ar(i)*t*t
Vr(i) = Vr(i) + Ar{i)*t

Mo = 0.

Enddo

Do j =1,6
Mo = Mo + ma(j) * Dr(Jj)
Enddo ‘

Doi=1,6
Vs =w * d * cos(w * tt)
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Client Caic. No. Sheet No.\g__.|9 . Rev. No. 0

m

If (1(i).1t..001) goto 100

sig(i) = 1.0

If(Vs .1t. Vr(i}) sig(i) = -1.0

Re(i) = Abs{Vs - Vr(i)) * 3830. / Vi(i)

€all Reynolds( Re(i), Cd(i})
100 f(i) = .1111 * Cd(i) * 1(i) / 400

Fk(i) = 0.
Fv{i) = 0.

Do.j = 1,6

Fk(i) = Fk(i) - k(i,J) * Dr(j)

Fv(i) = Fv(i) - .1 * k(i,j) / w * Vr(j)
Enddo

Fr{i) = sig{i) * f(i) * (Vs - Vr(i))**2. + Fk(i) + Fv(i)
Ar(i) = Fr(i) / m(i)

iIflg =0

If(Abs(Dr(i)) .gt. Dmax{i)) Then
Dmax(i) = Abs(Dr(i))
COmax(i)= Ifix(tt*cps)+l
Iflg = 1

Endif

If(Abs(Vr(i)) .gt. Vmax(i)) Then
Vmax(i) = Abs(Vr{i))
Cvmax(1i)= Ifix(tt*cps)+i
Iflg = 1

Endif

If(Abs(Ar(i)) .gt. Amax(i)) Then
Amax{1) = Abs(Ar(i})
CAmax(i)= Ifix{tt*cps)+l
Iflg =1

Endif

Enddo
If(Abs(Mo) .gt. Mmax) Then
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(ah«iq,

System - Job No. " File No.
Multifunction Instrument Tres (MIT) 5010

95010.1.1

Mmax = Abs(Mo)
CMmax = [fix(tt*cps)+l

Iflg = 1
Endif
Enddo
Write(*, ‘(36H Maximum Values (Cycle Occurrence) }’)
Write(*, ’(40H (in) . ,
+ 404 {in/s) (in/s/s) )')
Do i = 1,6
Write(*,102)1,0max{i),CDmax(i),Vmax(i},
+ CVmax(i),Amax(i),CAmax(i)
102 Format(I2,4H )
+ 9HMax Dis =,F8.2,2H (,I2,4H) ,
+ 9HMax Vel =,F8.2,2H (,12,4H) ,
+ 9HMax Acc =,F8.2,2H (,12,4H) )
Enddo
Write(*, ’(/36H Max. Moment Occurs at Cycle --> ,115)")CMmax
Write(*, ‘(/36H Max. Moment {in-1b) --> ,F15.5)/ )Mmax

Smax = Mmax/1.5377
Write(*,

End

"{/36H Max. Nom. Stress (psi) --> ,F15.5)')Smax

Subroutine Reynolds{Re, Ce)
Double Precision Re, Ce
Using log-log interpolation of data plotted in Figure 10.13 (p. 300)
of "Fluid Mechanics and Engineering Applications” by
Daugherty and Franzini, calculate drag coefficient versus
Reynold’s number for a circular cylinder.

OO on

Double Precision cd(a),rnum(s),expon,a,b

(2]

Data points defining straight-iine portions of curve.
data rnum/5000,3000,1000,50,20,5,2,.1/
&cd/1,.9,1,1.6,2,3.8,7,60/

do 200 j=1,7
if(Re.ge.rnum(j+1).and.Re.1t.rnum{j)) then
a=aloglO{rnum(j)/Re)
b=aloglO(rnum(j)/rnum{j+l))
expon=a/b
Ce =cd(J) * (cd(J+1)/cd(§))**expon

Client Calc. No. Sheet No. 3_20 Rev. No.
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Sheet No. 3_ 21 Rev. No. 0

Clisnt Calc. No.

Return
end if

200 continue
if(Re.1t..1) Ce = 6/Re

if(Re.gt.5000.) Ce = 1

Return
end

“
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Subiect comparison of Tenk/Wasts Design Paramaters Reviewsd By: M M {ﬁ( s

System Job No. ) ¥ File No.
Multifunction Instrument Tree (MIT) 95010 95010.1.1

Ciient Caic. No. Sheat No.3_22 Rev. No. ,
Proaram MITSA.EXE Results for Case 3 - Waste Level = 250 inches

Mass m;rix {lb}

1 .000
2 44 .000
3 82.300
4 138.100
5 194.000
6 194.000
Trib. brag Length Matrix (in)
1 .000
2 .000
3 .000
4 50.000
5 100.000
] 100.000
Cylinder Stiffness Matrix (lb/in) :

1 2 i 3 & 5 é .
1 15463.000 -6622.000 1544.000 -304.000 76.000 -13.000
2 -6622.000 4829.000 -2122.000 622.000 -156.000 26.000
3 1544.,000 -2122.000 1433.000 -1020.000 37e.000 +62.000
4 -304.000 622.000 -1020.000 1144.000 -755.000 204 .000
s 76.000 -156.000 372.000 -755.000 774.000 -285.000
& -13.000 26.000 -62.000 204.000 -285.000 126.000
Cylinder Moment Matrix (in-ib/in)
1 -67795.00000 |
2 6665 .00000
3 ~1061.00000
4 209.00000
5 -52.00000
[ 8.70000
Viscosity Matrix (centipoise)
1 .000
2 .000
3 .000
4 25000.000
5 25000.000
6 25000.000
$loshing Max Disp (in) > 10.76000
Sloshing Fn?nney =y AT
lntqrnti ime Step (n --> 00010
¥aumber Of Cycles == 10
Maximmm Values (Cycle Occurrence)

(in) {in/s} {in/e/s)

1 Max Dis = 23 C 1) HMax Vel = 23 (1) Max Acc = 1.8 (1D
2 Max Dis s S (1) MNex Vel = 1.03 ¢ 1) Max Acc = 738 (1)
3 Max Dis = 2.49 C 1) Max Vel » 2.1y Max Acc = 1781 (1)
4 Max Dis = 5,16 ( 1) Max Vel = S61 (1) Max Aec = 4067 (1)
S Max Dis = 8.24 ¢ 1) Max Vel = 8.95 (1) Max Acc s 58,48 (1)
6 Max Dis = 11.47 (1) Max Vel = 12,45 (1) Max Aec = 5845 (1)
Max. Moment Occurs at Cycle - 1
Max. Moment {in-tb) - 10919.08843
Max. Nom. Stress (pei) -y 7100,.92217
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Program MITSA.EXE Results for Case 3 - Waste Level = 300 inches
Mass Matrix (lb)

1 .

2 44,000

3 82.300

4 194.000

5 194.000

6 194.000

Trib. Drag Length Matrix (in)

1 .000

2 .000 ,
3 .000

4 100,000

5 100.000

6 100.000

Cylinder Stiffness Matrix (lb/in)
1 2 3 4 5

. &
1 15463.000 -6622.000 1544.000 -304.000 76.000 -13.000
2 -6622.000 4829.000 -2122.000 622.000 -156.000 26.000 r
3 1544.000 -2122.000 1833.000 -1020.000 372.000 -62.000
4 =304 .000 622.000 -1020.000 1146.000 -755.000 204 . 000
-] 76.000 -156.000 372.000 -7%5.000 776,000 -285.000
[ -13.000 26.000 -62.000 204,000 -285.000 126.000
Cylinder Moment Matrix (in-lb/in}
1 -67795.00000
2 6665 .00000
3 ~1041.00000
4 209.00000
5 -52.00000
6 §.70000
Viscosity Matrix (centipoise)
1 .000
§ .000
4 25000000
5 25000.000
6  25000.000
Slaoshing Max Disp (in) -e> 9.68000.
Sloshing Frequency (cps) > . 18380
Integration Time Step (s) --> .00010
Nuwber Of Cycies --> 10
Maximm Values (Cycle Occurrence) -
41,)] (in/s) (in/s/s)
| Max Dis = 22 (1) HMax Vel = .25 ( 1} Max Acc = 243 C 1)
2 Mex Dig = 94 (1) Max Yel = 1.06 (1) MenAcc=s 935 (1
3 Max Dis = 2.46 (1) Max Vel = 2.7 (1) Mmdecs (N
4 Max Dis = 5.07 ( 1) Max Vel » 5.72 (1) MaxAcc = S53A2(C 1)
5 Max Dis = 8.06 ( 1) Max Vel = 9.08 (1) Max Acc = 55.89 (1)
é Max Dis = 11,15 (1) Man Vel = 12,56 (1) Max Acc = 5394 ( 1)
Max, Moment Occurs at Cycle > 1
Max. Moment (in-ib) --> 10874 . 5931
Max. Nom. Stress {psi) -e> T072.05040
A-25 S
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Subject comperison of Tank/Maste Design Parsmeters Réviewed By: W_\ Date [ ‘l ﬁ{ A
System Job Ne. N " File No. St

Multifunction Instrument Tree (MIT) - 95010 95010.1.1
Client Calc. No. Sheet No;g_z‘ A

Progr for Case 3 - Waste Level = 350 inches

I;Iass Matrix (1b)

2 4%, 000.

3 138.100

& 194.000

5 194.000

& 194.000

Trib. Drag Length Matrix (in}

1 .000

2 .000

3 $0.000

4 100.000

5 100.000

& 100.000

Cylinder Stiffness Matrix (itb/in)

1 Fd 3 4 5 -]

1 15463.000 -6622.000 1544.000 -304.000 76.000 -13.000

2  -6622.000 4829.000 -2122.000 622.000 -155.000 26.000

3 1544.000 -2122.000 14833.000 -1020.000 372.000 =62.000

4 -304.060 622.000 -1020.000 1146.000 -735.000 204,000

5 76.000 -156.000 ° 372,000 -755.000 TT6.000 -285.000

& -13.000 26.000 ~42.000 204.000 -205.000 126.000

Cylinder Momant Matrix (in-ib/in)

1 -&7795.00000 :

2 5645 . 00000

k -1061. 00000

4 209.00000

b -52.00000

é 8.70000

Viscosity Matrix (centipoise)

1 - .000

2 .000

3 25000.000

4 25000.000

5  25000,000

6 .

Stoshing Max Disp (in) D 8.43000

Slashing Frequency (cps) e3> - 18900

Integration Time Steg (s) T .00010

Number Of Cycles --> 16

Maximm Values'ICycle Occurrence)

¢in} {in/3) (in/s/s)

1 Max Dis =~ .22 (1) Max Vel = 25 (1) Max Acc = &.03 ¢ 1)

2 Max Dis = S0 (1) Max Vel = 106 (1) Max Acc = 13.X2¢ 1)

3 Max Dis = 2.3 (1) Max Vel = 2.T2¢C1) MaxAec= 3331 (1

4 Max Dis = 6. 78 (1) Max Vel = $.53 (1) MaxAge = 4B 46 1)

5 Max Dis = 7.55 (1) iMax Vel = 8.7 (1) Max Acc s 48.% (1

[ Max Dis = 10.42 (1) Max Vel = 12,06 ( 1) Mex Acc = 48.35 ( 1)

Max. Moment Occurs at Cycle .3 1

Max. Moment (in-lb) L3S ] 10437.88166

Max. Nom. Stress (psi) > &787.98208
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System Job No. *" File No.
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Client Calc. No. Shest No. .25 Rev. No. 0

P - = 40

Mass Matrix (lb)

1 . 000

2 44,000

3 194.000

4 194.000

5 194.000

4 194,000

Trib. Drag Length Matrix (in)

1 .000 '

2 000

3 100.000

4 100.000

S 100.000

[ 100.000

Cylinder Stiffness Matrix (lb/in)

t 2 3 4 5 &

1 15483.000 -6622.000 1544.000 -304.000 76.000 -13.000

2 -6622.000 4829.000 -2122.000 622.000 -156.000 26,000

3 1544.000 -2122.000 1433.000 -1020.000 372.000 -62.000

4 -304.000 &22.000 -1020.000 1144.000 -735.000 204 .000

] 76.000 -156.000 372.000 -755.000 T74.000 -285.000

& ~13.000 26.000 -62.000 204.000 -285.000 126.000

Cylinder Moment Matrix (in-ib/in)

1 -&7795.00000

2 46465 .00000

3 -1061.00000

& 209.00000

5 -$2.00000

é 8.70000

Viscosity Matrix (centipoise)

1 000

2 000

3 25000.000

&  25000.000

5  25000.000

& 25000.000

Sloshing Max Oisp (in) .y 7.61000

Sloshing Frequency (cps) -=> 192N

Integration Time Step (s) -=» .0001Q

Number Of Cycles “e» 10

Maximm Values (Cycle Occurrence)

. {in) (in/s) (in/s/s)

1 Max Dis = L0 (1) Max Vel = 26 T 1) Max Acc = .R2¢ 1

2 Max Dis = 84 (1) HMax Vel » 1.00 ¢ 1) Max Acc = 18,09 ( 1)

3 Max Dis = 2.18 (1) Mex Vel = 239 (1N MxAc= M AMO(D

4 Max Dis = 4.42 (1} Max Vel = SO (1) Naxiecs &5 (1

] Max Dis = .95 (1) Max Vel = 8.19C 1) MmmAce = 4211 (1)

é Max Dis = 9.57 (1) Max Vel = 1127 (1) Max Ace = 42.20 ( 1)

Max. Moment Occurs at Cycle Etd 1

Max. Moment (in-lb) - oB13.48777

Max. Mom. Stress (psi) .e> 6381.92587

A-27
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Subject comnarison of Tank/Waste Design Parsmeters

Reviewed By: 4" Q-\ Date "’f“ fq.;'

System Job No. " File No.
Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Caic. No. Shaet Nog_ 26 Rev. No. 0
Figure 3.6.2-1. Maximum Waste Rollover Velocity vs. Waste
Level (Absclute Viscosity Varied)
3.50 -~ i _,
- | |
- , | E
L i Do %
] |
3.00 :

-

)
8

8.

Waste Rollover Velocity (ft/s)

350 375 400 425
Wasts Level (in) '

10,000 ¢P

. —&— SG =15 Viscosity = —— SG = 1.5; Viscosty = ——— SG
17,500 cP
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System Job No. ’ " File No. v
dultifunction Inatrument Tree (MIT) 95010 95010.1.1
Client Cale. No. Sheet No. 2o Rev. No.

e

Figure 3.6.2-2. Maximum Wasts Rollover Velocity vs. Waste

Level (Specific Gravity Varied)
2.40 - f ] " ) '
- N
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e |
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Waste Rollover Velocity (fUs)
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SV uttifunction [nstrusent Tres CHIT) PN eoto ' Fiete 9501;:.1.(1
Client Cale. No, Sheet No. 3-23 Rev. No. 0

M

Table 3.6.2-1. Maximum Waste Rollover Velocity vs. Waste Level

(Case 1)
Specific gravity: 1.5
Absolute viscosity (cP): 25,000
Kinematic viscosity (R*2/s): 0.17955
Waste level |Waste roflover] Reynolds | Cd (1] | Drag forcs | Moment @
velocity | Number sampling port
in ft's {Ibt/in
4 222 3.61 472 0.8232 13,0
400 2.00 325 507] 0.7150 13,058
375 1.78 2.90 5.47 0.6141 13,059
350 1.61 262] . 584 0.5382 13,059
325 1.48 2.40 6.19 0.4790 13,059
300 137 2.2 8.52] 04315 13,059
275 1.27 207] 684 0.3526 13,059
250 1.19} 1.54 7.18 0.3601 13,059

Notes:
1. Formuia for Cd is valid for Reynoid's Numbers between 0.1 and 5.
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Project e - Evaluation of ‘I'lnk 2‘181101 Prepared By; Date
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MIT Design for Other Tanks

Subject ¢ o Reviewsd By: -
Comparison of Tank/Wasts Design Persméters ' 4«40 QD-—\ ’ o, H(“‘a
Y Muttifunction Instrument Tree (NIT) IO S0t Flle No. 95010.1.1
Cilent Caic. No. Sheet No. é-” Aev. No.
Table 3.8. 2-2 Maximum Waste Rollover Velocity vs. Waste Level
(Case 2)
Specific gravity: 1.5
Absolute viscosity (cP). 10,000
Kinematic viscosity (Rt*2/s): 0.07182
Waste level | Waste roliover | Reynoids | Cd (1] | Dragforce| Momemt@ |
' velocity Number sampling port
(in) (f's) . (lbffin) (
420 3.06 12.41 2.49]  0.8232) 13,
400 2.79 11.33 260 0.7150 13,089
375 2.53 10.26 2721 © 0.8141 13,059
KL 2.32 9.41 2.83]  0.5382 13,059
325 2.15 8.73 2.94 0.4780 13,0581
300 2.0 8.15 3.03 0.4315 13,059
275 189 7.67 342]  0.3026 13,058]
250 1.78 7.25 3.20 0.3601 13,058

Notes:
1. Formula for Cd is valid for Reynold's Numbers between 2 and 20.
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WHC - Evsluation of Tank 2418Y101
MIT Design for Other Tanks

Calculation Sheet
Prepared By; :

>l A 1T

Subiect comparison of Tank/Waste Design Paradeters

[Reviewed By: 1 pa D“'M(Hb;

Systam

Multifunction Instrument Tree (MIT)

Job Ne. ' Fie Ne.

95010 $3010.1.,1

Client Calc. No.

Sheet Nog_, 30 Rev. No. 0

“
Table 3.6.2-3. Maximum Waste Rollover Velocity vs. Waste Level

{Case 3)
Specific gravity: 1.7
Absolute viscosity (cP): 25,000
Kinematic viscosity (f*2/s); 0.15843
Waste level [Waste rollover] Reynoid's | Cd[1] | Drag force | Moment @ |
velocity Number sampling port
(in) Vs) ibifin
420 2.15 3.96 4.44 0. 13,
400 1.94 357 478 0.7150 13,089
KYZ3 1.73 3.18 5.14 0.6141 13,059
350 1.57 2.88 5.49 0.5382 13,059
325 1.43 2.64 5.82 0.4790 13,059}
300 1.33] 2.44 XE] 0.4315 13,089]
275 1.24 227 643] 0.3926 13,080
250 1.18 2.13 6.71 0.3601 13,089/
Notes:

1. Formula for Cd is valid for Reynold's Numbers between 2 and 20.
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Projsct WHC - Evaluation of Tank 2&181'101 Pnpund Date
MIT Design for Other Tanks W lo/fgf%
§ . Reviewed 8y:

Comparison of Tank/Waste Design Pariméters ld(('\ (‘tg
System ] Job No. File No.

Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Caic. No. Sheet No. 2.4, Rev. No.

F————————————J

Table 3.6.2-4. Maximum Waste Rollover Velocity vs. Waste Lavel

(Case 4)
Specific gravity: 1.3
Absolute viscosity (cP): 25,000
Kinematic viscosity (Rf*2/s). 0.20717
Waste level |Waste rollover] Reynoids | Cd[1] | Drag force | Moment @
velocity Number - | sampling port
(in) (fvsz _ SIDW\E S%

420 2.30 3.24 5.07 0. 089

400 2.07 2.92 5.44 0.7180 13,089

375 1.85 2.60 5.87 0.6141 13,059

350 1.67 2.36 6.28 0.5382 13,050

az2s 1.53 2.16 8.65 0.4790 13,059

300 1.42 2.00 7.01 0.4318] 13,089

275 1.32 185 7.38]  0.3928 13,059

250 123 1.73 1.758 0.3801 - 13,058

Notes:
1. Formula for Cd is valid for Reynold's Numbers between 0.1 and 5.

33 AT EAT
F 3T 3
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Calculation Sheet

Project WHC - Evaluation of Tamk 24157101
MIT Design for Other Tenks

Prepared By:

W—D‘“‘ 1o/ 8/3s

Subject comparison of Tank/Maste Design Psrameters Reviewed By: M Q@'\ D.t.[g‘ " ‘qs-
- ‘ Job No, ! File No. i
Multifunction Inatrument Tree (MIT) 95010 95010.1.1
Client Calc. No. Sheet NO:3_ 32 Rev. No, 0

Table 3.6.2-5. Maximum Waste Rollover Velocity vs. Waste Level

(Case 5)

Specific gravity: 1.5

Absoiute viscosity (cP). 17,500

Kinematic viscosity (t*2/s): 0.12568

Waste level | Waste roliover | Reynolds | Cd(1] | Dragforce| Moment@ |
velocity Number sampiing port
(in) ft/s ibtfin

420 2.58 5.99 3.49 8 13,
400 2.36 5.47 3.65 0.7150 13,059
375 2.13 4.95 3.83 0.6141 13,059
350 1.93 4,48 4.09 0.5382 13,058
325 1.77 410 4.33 0.4790] 13,058
300 1.84 3.80 457] 04318 13,069
275 1.52 3.54 4791  0.3926 13,059
250 1.43 3.31 5§00 0.3601 13,059]

Notes:

1. Formula for Cd is vaiid for Reynold's Numbers between 2 and 20.

EANMWANEIENA T RITEN /1= (A




WHC-SD-WM-DA-209, Rev. 0 Ca|cu|ation Sheet

Project WWC - Evaluation of Tank 2418Y101 Prepared By; Date
MIT Design for Gther Tanks Wﬂ,‘% /0/%795'

‘v"
Subject comparison of Tank/Maste Design Parimeters Reviewed By: 4 w&‘\ Date
1ol ag
_ - VN
System . Job No. File No.
Multifunction Instrument Trea (NIT) 95010.1.1
Client Calc. No. ShestNo. 2. 33 Rev. No. ,

e e

Figure 3.6.3-;|. Maximum Allowable Mixing Pump Circulation
Velocity Magnitude Profile
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I
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[ I B |

Velocity Magnitude (ft's)
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- vy ; : “. .

: [ For distances > 200 in. from the \ |

1 boitom of the MIT, the aliowable | 5
§ * velocity magnitude is 0.3 s, | | !
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WHC-SD-WM-DA-209, Rev. 0 Calculation Sheet

WNC - Evalustion of Tank 261SY101 ' Prepared By:

Date ]
MiT Design for Dther Tanks /a/li/ s
Subject cogperison of Tank/Maste Design Parimeters Reviewed By: 4%
lol mlﬁs
System Job No. " File No.
Multifunction Instrument Tree (MIT) 95010 95010.1.1
Clisnt Calc. No. ; Sheet NO-3_ N Rev. No. 0

W

Figure 3.6.5-1. Slosh Ffequincy and Equivalent Uniform Slosh
Displacement at R = 28 ft vs. Waste Level
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WHC-SD-WM-DA-209, Rev. 0 Calculation Sheet

WHC - Evaluation of Tamk wmof Prepared By::

MIT Design for Gther Tenks /D/IJ/?S'
Subject comparison of Tenk/Maste Design Parsbeters ) Reviewed By: M Date |°‘n ,15’
System Job No, ' 1 File No.

Multifunction Instrument Tree (MIT) $5010 95010.1.1
Client Calc. No. Sheet No., 3_ 35 Rev. No. 0

m

Table 3.8.5-1. 0.2 g D8E Slosh Parametars v Waste Lavel

Waste Level (in} {Mz) ]ai2% 8(0:5%) (g) |dtmaxv) Gn) lgmxm fin) |diminh) (in}{ dequiv} () _|d(sq-28} Gn)
250 0.1787 0.03763 | 0.04426 | 16.67 18.57 11.83 13.76 10,78
260 0.1778 3. 0.04819 | 17.02 18.58 11,48 13.49 10.54
370 0.1792 0. 0.04807 | 17.36 18.59 11.10 13.21 10.33
280 0.1808_ . | 0.04008 | 0.04889 | 17.86 18.59 10.74 12.93 10.11
290 0.1822 0.04074 | 0.04787 | 17.95 18.60 10.39 12.86 9.89
300 o.1§ 0.04138 | 0.04838 | 18.23 18.60 10.04 12.38 9.69
310 X 0.04193 | 0.04808 | 18.48 13.61 9.70 12.11 9.47
320 0.1 0.04247 | 0.04960 | 18.72 18.81 937 | 11.84 9.26
330 0.1871 0.04287 | 0.08038 | 18.94 18.62 5.04 11,67 5.04
340 0.1881 0.04344 | 0.08082 | 19.14 18.62 8.73 11.30 8.83
350 0.18%0 0.04387 | 0.06133 | 19.33 18.62 8.42 11.04 3.63
360 0.1898 0.04428 | 0.05180 | 19.61 18.63 .| 811 10.77 8.42
370 0.1906 0.04488 | 008224 | 19.88 18.63 7.82 10.81 8.22
360 0.1914 0.04800 | 0.08266 | 19.83 18.63 7.64 10.26 [XT)
390 0.1920 0.04833 | 0.08303 | 19.97 18.63 7.26 9.99 7.81
400 a.1927 0.04582 | 0.08338 |  20.10 X 6.99 9.73 7.81
210 0.1932 0.04890 | 0.08370 | 20.23 16.84 8.73 9.48 7.41
420 0.1938 0.04818 | 0.08400 | 20.34 18.64 6.48 9.23 721

twlgui 1 _xig)

Moteata Tahis 3.8.5:]

#{2%) (gl = 2%-demped SDC 4.1 0.2 spectral accalerstion

o(0.5%) ig) = 0.5%-damped spactral accelerstion (2%-demped values x 1,17}
dirmaxv} {in) = max, vertical slosh displacement

dimaxh) in} = max. horizontal siash displacement (at tank certer}

disquivl (inl = sguivalent unitorm displecement at tank center

dieq-28} {in) = wquivsien? uniform displacement st 28 f1. tank radiue

A-37 YV Ve
nw Far =
F ¥ 3T 2
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WHC-SD-WM-DA-209, Rev. 0

Calculation Sheet

4.1 HYDROGEN BURN EVENT (H)

. Riser diameter < 4 in

4.2 DROP ANALYSIS

Project -WMC - Evalustion of Tank 2415Y101 Prepared By:
MIT Design for Other Tenks /0/!5’ /ﬁ’
, L -
Subject comparison of Tenk/Maste Design Psrasmeters Reviewed By: Date
e C%f?‘bh\ o[ta[eg |
System Job No. ' File No. s
Myltifunction Instrument Tree (MIT) 95010 95010.1.1
Client Calc. No. Sheat No. 4 - Rev.No. 4

4.0 BEYOND DESIGN BASIS CONSIDERATIONS

The SY-101 MIT was evaluated for p
to a hydrogen burn pressure of 70 1bf/in
Therefore, based on the MIT design, the Hydrogen Burn Event loading is
acceptable provided the following applicability requirements are satisfied:

ssible ejection from the tank due
(gauge) (ADVENT 1994).

. Hydrogen burn pressure g 70 1bf‘/1’nz (gauge)

. MIT is bolted to the riser with the connection capable of
accomodating a tensile load of 1760 1bf

The drop analysis for the SY-101 MIT (ADVENT 1994) is based on a
waste level of 400 inches with a Specific Gravity of 1.0 for the top 200
inches and a value of 1.7 for the bottom 200 inches. The effects of
viscosity are eliminated because the analysis used a conservative drag
coefficient of 1 based on the assumption of low viscosity. The SY-101 drop
analysis shows that an impact velocity of 635.3 in/s is acceptable to avoid
penetration of the MIT through the bottom of the tank.

Drop analyses are performed using the following program for a range
of waste levels from 250 inches to 420 inches where for each run the
specific gravity input value is iterated upon until the impact velocity is
Just less than the allowable of 635.3 in/s.

Table 4.2-1 and Figure 4.2-1 show the results of the drop analysis
and provide the minimum specific gravity necessary for each waste level.
For a given waste level, if the specific gravity for a given tank is less
than the reported minimum required specific gravity, an impact limiter
should be installed to 1imit the effects of a possible drop unless more
detailed drop analyses can show otherwise.

]
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:
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§
®
o
T
<
a
]

»

2

1




WHC-SD-WM-DA-209, Rev. 0 Calculation Sheet

WHC - Evaluation of Tank 26187101 fo—

NIT Design for Other Tanks W IO/J.S’/?_(

Subject comparison of Tank/Waste Design Parameters

System

Reviewed By: AM‘\ D-‘.h\ﬁl“lg

Job No. ! File No.

Multifunction Instrument Tree (KIT) 95010 95010.1.1

Ciient Caic. No.

72T WL

¢
C
C

C
c
C

Sheet No. 4_ 2 Rev.No. ,

Program Sink4

Integer  Num,Nr

REAL Dis, Vel, Ve2, Acc, Acl, Ac2, Tim, Ti2, Xst
Rea) Drop, Hass, Blv B2v, BZc, Dlv, D2v

Real Bdia, Area(20), Den(20), DD(20), pi

Real Spgl, Spg2, hl, h2

Data pi/ 3.141592654 /

**% Input Parameters

Write(*,*)’ Enter Weight of Object in 1b’
Read(*,*) Mass

Write(*,*)’ Enter Initial Drop Height Above Fluid’
Read(*,*) Drop

Write(*,*)’ Enter Bouyancy D1ameter
Read{*,*) Bdia

Write{*,*)’ Enter Number of Effective Drag Plates’
Read(*,*) NDD

Write(*,*)’ Ehter Drag Plate Area & Distance from ',
+'Entry End (in Pairs)’
Read(*,*) (Area(l),Den{I),I=1,NDD)

Write(*,*)’ Enter Fluid Layer 1 Depth & Specific Gravity '
Read (*,*) hl, Spgl

Write(*,*)’ Enter Fluid Layer 2 Depth & Specific Gravity '
Read (*,*) h2, Spg2

Write{*,*)’ Print Every How Many Inches? ’
Read (*,*) Inc

*ik Boyyancy Parameters Calculations

WY ]

NEERING SERVICES INC
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WHC-SD-WM-DA-209, Rev. 0

Calculation Sheet

o e o T f— e ofiafis
Subject comparfson of Tank/Waste Design Parameters Reviewed By 4% lO‘lﬂ lq;
System Job No. N " File No.
Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Caic. Mo. ) Sheet No. 4_3 Rev. No. 0
Blv = 0.0361 * pi * Bdia * Bdia / 4. * Spgl
B2v = 0.0361 * pi * Bdia * Bdia / 4. * Spg2
B2c = -(B2v - Blv) * hl
C .
C *** Drag Coefficient Parameters Calculations
C
Dlv = 0.5 * 62.4 / 1728. / 386.4 * pi /4. * Spgl
D2v = 0.5 * 62.4 / 1728. / 386.4 * pi /4. * Spg2
¢
C *** Initial Conditions Setting/Calculations
o
Dis = 0.0
Tim= 0.0
Mass= Mass / 386.4
Vel = sqrt(2. * Drop * 386.4)
Open(1,File='Sink4.0ut’)
Write{l,101)Mass*386.4,Drop,Vel,hl Spgl,hZ Spgz hl+h2, Inc
101 Format(lx,'ﬂeight of Object =’ ,F8.1 1b',/
+ 1x,’Drop Height Above Fluid = ’,F9.1,' in’,/
+ 1x,’Velocity at Fluid Entry = ’/,F9.1,’ in/s’,/
+ 1x,’Fluid Layer 1 Depth « ' F9.1," in;’,
+ 1x,’ Specific Gravity = ’,F5.2,/
+ 1x,’Fluid Layer 2 Depth = ' F9.1," in;’,
+ 1x,” Specific Gravity = /,F5.2,/
+ 1x, 'Total Fluid Depth = ', F9.1," inj’,
+ 1x,’ Print Results Every ',I4,’ in’)
Do I =1, NOD
DD(I) = sqrt{ Area(l) * 4. / pi }
Enddo
Write({l,102)Bdia,NDD
102 Format{lx,'Bouyancy Diameter - ,F9.1, in’,/
+ 1x, 'Number Of Drag Plates = ’,I9)

A-40 5 SSISEAIT
MRS T 1Y 2
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. WHC-SD-WM-DA-209, Rev. 0 Calculﬁtion Sheet.
Project WHC - Evatustion of Tenk 24187101 WW Oate M/’df?f'

WNLT Design for Other Tanks

Subiect comparison of Tank/Masts Design Parsméters Reviewed By: W Date |°,H‘(5
System Job No. File Ne.

Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Calc. No. Sheet N0.4_ 4 Rev. No. 0

m_.

Write{1,105)(I,Area(I}, Den(I) I=1,NDD)
105 Format(lx,’P1ate ', 12, Area = ' F10 3," in*2;’,

+ ' D1stance from Entry End = /,F9.2,’ in’)
Acl = Mass*386.4 - Blv*Dis
Do I = 1, NDD

If((Dis - Den(I)) .gt. -.1E-6) Then
Acl = Acl - Dlv*DD(I)*DO(I)*Vel*Vel
Endif
Enddo
Acl = Acl / Mass

Write(1,103)
Write(1,104) Dis, Tim, Vel, Acl

103 Format{/5x,‘Distance’,5x,’Time’,5x, Velocity’,5x, 'Acceleration’/)
104 fFormat(5x,F7.0 F9 3 5x F8.2 5x,F12 2 )

Xst = 0.01
Num = Ifix{({(hl + h2) / Xst)
Nr = 100 * Inc

Do II = 1, Num

Dis = Dis + Xst
Ti2 = Xst / Vel
Tim = Tim + Ti2

If(Dis .le. hl) Then

Ac2 = Mass*386.4 - Blv*Dis
Else

Ac?2 = Mass*386.4 - B2v*Dis - B2c
Endif

Do I =1, NOD
I1f((Dis - Den(I)) .gt. -.1E-6) Then
If({Dis - Den(I)) .le. hl) Then
1 Ac2 = Ac2 - DIv*DD(I)*DD(I)*VeI*VeI
se
Ac2 = Ac2 - D2v*DD(1)*DD(I)*Vel*Vel
Endif
Endif
Enddo




WHC-SD-WM-DA-209, Rev. 0 Ca|cu|‘ation Sheet

Project WHC - Evalustion of Tank 241SY101 Prepared By,
NIT Design for Gther Tanks WW /Oﬁi’/?f

Sublect comparison of Tank/Weste Design Parsméters Reviewsd By: M Date |ah,dqs-
System Job No. ' ' File No. i

Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Caic. No. Sheet No. 4_5 Rev. No. 0

CC————— TR

‘Ac2 = Ac2 / Mass
Acc = (Acl + Ac2) / 2.
Ve2 = Vel + Acc*Ti2
If(Dis .le. hl) Then

Ac2 = Mass*386.4 - Blv*Dis
Else )
Ac? = Mass*386.4 - B2v*Dis - B2c
- Endif

DOI—I’NDD
I1f((Dis - Den{I)) .gt. -.1E-6) Then
If((Dis - Den(1)) .le. hl) Then
- Ac? = Ac2 - Dlv*DD(I1)*DD(I)*Ve2*Ve2
se
Ac2 = Ac2 - D2v*DD(I)*DD({1)*Ve2*Ve2
Endif
Endif
Enddo

Ac2 = Ac2 / Mass
If(11/Nr*Nr .eq. II) Write(l,104} Dis, Tim, Ve2, Ac2

Acl = Ac2
Vel = Vel

tnddo
END

A-42 - -'T-EE;'-"




WHC-SD-WM-DA-209, Rev. O Calc‘ulgtlon Shee«t
Project WHC - Evaluation of Tenk 2418Y101 Prepared By: ¢ Date
NIT Design for Other Tanks °L /O/IK/ﬂ’
Subiect comparison of Tank/Waste Design Parsmeters Reviewed By: W Date '°|l’£l1§ :
System Job No. " Fite No. i
Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Calc. No. Sheet No. 4__.5 Rev. No. ,
Waight of Object = 925.0 tb
Drop Height Above Fluid = 388.0 in
Velecity at Fluid Entry = 8547.6 in/s
Fluid Layer 1 Depth = 125.0 in; Specific Gravity = 2.12
Fluid Layer 2 Depth = 125.0 in; speciftic Gravity = 2.12
_Totat Fluid Depth = 50.0 ing Print Results Every 10 in
Bouyancy Dismeter = 3.5 in
Numbar Of Drag Plates » 1
Plate 1 Area ® 9.621 in*2: Distence from Entry End = 00 in
Distanca Time Velocity Accelaration
0. . .000 547.58 267.02
10. .018 5.3 261.84
20. .036 557.07 256.70
30. 054 561.581 251.80
40. 07 566.03 266.54
50. 089 570.32 241.52
60. 107 574.50 236.54
70. . 124 578.56 231.60
40. 141 582.5¢ 226.70
90. 159 586.34 221.84
100. A76 590.07 217.02
110. 192 $93.70 212.83
120. .209 so7.22 207.49
130. 226 400.485 202.78
140. .2h3 603.97 198.11
150. .259 &07. 21 193.47
160, 276 610.35 188.88
170. 292 513.40 184.32
180. 308 616.36 179.79
190. - 324 619.83 175.30
200. 340 622.02 170.85
210. 356 624.7% 166.43
220. S72 627.35 162.05
230, .388 629.89 157. 1
240, 404 632.36 153.39
250. 420 634,75 14%e. 11
W
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WHC-SD-WM-DA-209, Rev. O

‘Calculation Sheet

WHC - Evaluation of Tenk 24187101
MIT Oasign for Gther Tanks

Prepared

AL I fih eliefos

925.0 b

Weight of Object =

Drop Keight Above Fluid = 378.0 in
Velocity at Fiuid Entry = 540.5 in/s
Fluid Layer 1 Dapth L] 130.0 in;
Fluid Layer 2 Depth = 130.0 in;
Total Fluid Depth = 260.0 in;
Bouysncy Disswter = 3.5 in
Number Of Orag Plates = 1

Plate 1 Area s 9.62% in"2;

Subject Reviewed By: Date
Comparison of Tank/Vaste Des!gn Parameters 4 (G(H hg
System Job No. M 1 File No. B
Multifunction Instrusent Tree (NIT) 95010 95010.1.1
Client Cale. No. Sheet No. 4,7 Rev. No.

, . A

Specific Gravity =
Specific Gravity = 2.03
Print Results Every

Distance from Entry End =

Distance Time Velocity Acceleration

0. .000 540.48 275.04
10. .018 545.50 270.01
20. .037 550,38 265.03
30, .05% 5%5.13 260.08
40, 073 5590.75 . -255.17
50. .090 564.25 250.30
60. .108 568.62 245.47
70. 126 572.58 240.467
80. 143 577.03 235.90
90, 160 581.08 231.18
100. ATT 584.99 226.49
1190, 195 583.%0 221.83
120. 21 592.52 217.21
130. .228 596,14 212.63
140, 245 599.65 208.08
150. 262 50%.08 203.57
150. 278 606.41 199.09
170. .295 609,65 196.64
180, .31 612.79 190.23
190. 327 615.36 185.85
200, 343 618.83 181.51
210, 360 821.72 177.20
220, 376 424.53 172.92
230, .392 627.26 168.68
240, 408 4629.7 164.46
250. 423 632.49 160.28
260, 439 634.98 156.13

A-44
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WHC-SD-WM-DA-209, Rev. 0 Calculation Sheet

Weight of Object

W'

Drop Height Above Fluid =

Velocity at Fluid Entry =
Fluid Laysr 1 Depth =
Fluid Layer 2 Dapth =
Total Ftuid Dapth =
Bouyancy Dismeter "
Nunber Of Drag Plates =
Plate 1 Area = 9.62
Distance Time
o. .m
10. 019
20. 057
I10. 055
40. 074
50. .092
60. .109
7. 127
83, 145
%0, 162
100. A9
110. 197
120. 214
130. 231
140. . 248
150. 264
160. .81
170. .298
180, 314
190. .330
200, 47
210. 343
220, 14
30, 395
240, A1
250, 427
260. 443
n. 439

WiC - Evaluetion of Tank 24137101 Prepared ' Osate 4{{9

MIT Design for Other Tanks lofu r
Sublect comparison of Tank/Waste Design Parsmeters Reviewed By | Date (61a

S
4o, [2fa

Systemn Job Ne. File No.

Multifunction [nstrument Tree (MIT) $5010 95010.1.1
Client Cale. No. Sheet No. 4_ a8 Rev. No. 0

925.0 b
368.0 in
533.3 in/s
135.0 in; Specific Gravity = 1.96
135.0 in;  Specific Gravity = 1.96
2r0.8 in; Print Results Every 10 in
5.5 in
1
1 in"2; Distance from Entry End = .00 in
Velocity Accelaration
533.24 281.12
538.49 276.82
543.56 271.96
548.50 267.13
553.3 262.34
557.99 257.58
562.54 252.86
566.98 248.17
571.29 243.52
575.50 238.90
579.60 234.3
583.59 229.76
SBT.A7 225.2
591.26 220.75
594, 9% 216.30
598.53 211.89
602,02 207.50
[ 203.15
608.74 198.82
611,55 194.53
615.09 190.27
618,14 186.05
621,11 181.85
624.00 177.69 d
626.81 173.55
529.54 169.45
632,19 165,37
634.77 161.32

A-45
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WHC-SD-WM-DA-209, Rev. 0 Calculation Sheet -
Project WHC - Evaluation of Tank 241$Y101 Prepared By: A Date /Q/IW

MIT Design for Other Tanks

fub
Subject comparison of Tank/Waste Design Parameters Reviewed By: .Oate ( {
40 olinjac
System Job No. ¥ T e No, —
Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Calc. No. SheetNo. 4 _ o Rev. No. o
Weight of Object = 925.0 b

Drop Height Above Fluid = 358.0 in
Velocity at Fluid Entry = 526.0 in/s

Fluid Layer 1 Depth = 140.0 in; Specific Gravity = 1.39
Fluid Layer 2 Depth = _  140.0 in; Specific Gravity = 1.39
Totst Fluid Depth - 280.0 in; Print Results Every 10 in
Souyancy Diameter = - 3.5 in
Number Of Drag Plates = |
pPlate 1 Area = 9.621 in*2; Distance from Entry End = .00 in

Distance Time Velocity Acceleration

0. 000 525.99 288.20

10. 019 531.39 283,43

20. .038 536,66 278.69

3o0. .056 541.78 2.9

40. 075 546.77 269.32

S0. .093 551.43 264,58

60, L 556.37 260.08

70. .129 560.9% 255.51

a0. 146 565.48 250.97

90. 164 549.86 268,46

100. 182 574.13 241.98

110. 199 578.29 237.54

120. .216 582.35 235,12

130. .233 585,30 228.74

140, .250 590.15 226,39

. 150. 267 593.90 220.97

160. .3 597.56 215.79

170. 301 401,13 211.53

180. 317 604 .60 207.30

190. 334 807.9% 203.11

200. .350 611,28 198.94

210, 366 614.49 194 .80

220, 383 517.43 190.49

riii 399 620.67 186.61

260. 415 63.64 182.56

250, 431 626.53 178.54

260, 47 629.34 174,54

270. 4683 632.07 170.57

280, T8 634.73 166.483

ENOINEEIING SERVICES. INC.




WHC-SD-WM-DA-209, Rev. 0 Calculation Sheet

WHC - Evatuation of Tank 2415Y101 Prepered By:_o"/

MIT Design for Other Tanks . /Oﬁé’/?S'
Subject comparison of Tenk/Waste Design Parameters Reviewed By: W'\ Oate |5‘l\ |€§
System Job No. v ' Fiie No. )

Multifunction instrument Tree (MIT) . 95010 95010.1.1
Client Caic. No. _ SheetNo. 4 _ 4 Rev.No. ,

Weight of Object = 925.0 b
Orop Height Above Fluid = 348.0 in
Velocity at Fluid Entry = 518.6 in/s
Fluid Layer 1 Depth a 145.0 in; Specific Gravity = 1,852
Fluid Layer 2 Depth = 145.0 in; Specific Gravity = 1.82
Total Fluid Depth = 290.0 in; Print Results Every 10 in
Souysrcy Diemeter = 3.5 in )
Nuwber Of Drag Plates = ) I
Plate 1 Area = 9.621 in*2; Distance from Entry End = 00 in s
Distance Time Velocity Accsleration
0. .000 £18.59 294.48
10. 019 524.19 289.84
20. .038 529.45 285.24
30. 057 $34.96 280.56
40. 078 540.14 276.12
50. 094 545.19 - TAR )
60. 112 55G.11 267.12 .
70. . 130 554.91 262.467 ] -
80, .148 559.58 258.25
90. . 166 564 .14 253.86
100. 184 568.58 249.50
110. - .201 572.91 245.17
120. 219 577.14 240.86
130. 236 581.26 236.59
140. .253 585.28 232.35
150. 270 589.20 228.14
160, 287 593.02 223,95
170. 304 596.76 219.80
180. 321 600.39 215.67
190. 337 503.94 211.57
200. 354 607.40 207.50
210. 370 $10.77 203.45
220, 386 6146.06 199.44
230. 403 617.27 195.45
260. 419 620.40 191.49
250. 435 623,44 187.55
260, 451 626.41 183.64
27, 467 629.30 179.76
280. 483 632.13 175.90
290, 498 634 .87 172.07
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WHC-SD-WM-DA-209, Rev. 0

Calculation Sheet

WHC - Evaluation of Tank 241SY101
NIT Design for Other Tanks

.Propd.day'

= Iqéf7s

Reviewed By: Date
Subject comparisen of TM::: Design Paramaters 4% !"‘Hlﬂ5
System Job No. " File No. D
Multifunction Instrument Tree (MIT) #5010 $5010.1.1
Client Calc. No. Shest No. 4_" Rev. No, 0
Weight of Object = 925.0 b
Drop Height Above Fluid = 338.0 in
Velocity at Fluid Entry = 511.1 in/s
Fluid Layer 1 Depth = 15%0.0 in; Specific Gravity = 1.76
fluid Layer 2 Depth * 150.0 in; Specific Gravity = 1.7&
Total Fluid Depth x 300.0 in; Print Results Every 10 in
Bouyency Diasster ] 315 in
Nusber Of Orag Plates = "
Plate 1 Area = 9.621 in*2; ODistance from Entry End = .00 in
Distance Timm Velocity Acceleration
0. .000 511.08 300.07
10. 019 516.88 295.54
20. .03¢9 522.52 M0 .
30. 058 528.02 286.59
40, 077 533.38 282.15
s0. .09% £33.60 2.
60. 14 543.69 273.38
70. .132 548.586 269.03
80, .150 553.50 266.71
90. .168 558.23 260.42
100. 186 $62.84 256.16
110. .204 547.33 51.93
120. 224 M. 2%T. 12
130. .39 576.00 243.54
140. .256 580.17 239.40
150. .27 5084.25 35.28
[ 290 588.23 231.18
170. .307 592.11 227.11
180. 324 595.90 223.07
190. 341 599.60 219.06
200. 357 603.21 215.07
210. Y/ 606,73 211.11
220. 390 610.17 207.18
s 230, 407 613.52 203.27
240, 423 616,79 199.39
250. 439 419.99 195.53
260, 455 423.10 191.69
270. NYal 426.14 187.89
280. 487 629.10 184.10
290. 503 631.99 180.34
300. 519 634.81 176.60
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WHC-SD-WM-DA-209, Rev. 0 Calculgtion Sheet

Project WHC - Evalustion of Tank 26137101 Prepared
NIT Design for Other Tanks _ 8. =" /a//{/fs
Subject fLomparison of Tank/Westa Design Parsmeters Reviewed By: 4&% Date Ml“ h‘-
System Job No. ) ¥ File No. '
Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Calc. No. Sheet No. 4_12 Rev.No.

_W

Weight of Object = 925.0 b
Drop Height Above Fluid = 318.0 in
Vetocity at Fluid Entry = 495.7 in/s

Fluid Layer 1 Depth a 160.0 in; Specific Gravity = 1.45
Fluid Layer 2 Depth = 160.0 in; Specific Gravity = 1.45
Total Fluid Depth = 320.0 in; Print Results Every 10 in
Bouyancy Diameter = 3.5 in
Number Of Drag Plates = 1 _
Plate 1 Area = 9.621 in*2; Distance from Entry End = 00 in
Distance Time Velocity Acceleration
0. 000 . 493.73 310.28

10. .020 501.9 305.9%

20. .040 507.93 30,47

30. 059 513.79 297.42

40. O 519.51 293.20

50. 098 525.08 289.00

60, A7 530.54 284 .83

70. 136 535.82 280.68

a0, .154 540.99 2T6.56

90, A73 544,04 272.46

100. A9 550.97 268.39

110. 209 555.78 264.35

120. 227 560,49 260.3%

130. 265 565.08 256.33

140. .262 569.56 252.36

150. .280 573.94 248.42

160. 297 . S7B.22 264 .50

170, 31 582.40 260.60

180. .33 586.48 236,738

190, 348 590.47 232.88

200, .345 59 .37 FriN

210. 382 558,18 225.26

220. 399 601.90 221,48

230, 415 605 .54 217.73

240, 432 609.10 214.00

250, 448 612.87 210.29

250, Jobh 615.96¢ 206,61

270. 481 619.28 202.5%

280, 497 622.52 199.30

296. .513 625.68 195.568

300, 529 628,77 192.08

310. .545 a31.79 188.51

320, 540 a34. 7% 184.95
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WHC-SD-WM-DA-209, Rev. 0 qupujation Sheet

Project WHC - Evalustion of Tank 24187101
NIT Design for Othar Tanks

o sl " /et

634.7%

- Reviewed By:”
Subject copnarison of Tank/Veste Desipn Paraseters By: M a‘_\ |°’ﬁ h <
System Job No. ' ! Fite No. '
Muttifunction Instrument Tree (MIT) 95010 95010.1.1
Ciient Calc. No. SheetNo. 4_ .+ Rev.No.

Weight of Object = 925.0 lb
Orop Haight Above Fluid = 298.0 in
Velocity at Fluid Entry = 479.9 in/s
Ftuid Layer 1 Depth = 170.0 in; Specific Gravity = 1.55
Fluid Laysr 2 Depth = 17.0 in; Specific Gravity = 1.55
Total Fluid Depth = 340.0 in; Print Results Every 10 in
Bouysrcy Ofsmeter = 3.5 in
Number Of Drag Plates = 1 .
Plate 1 Area » 9.621 in*2; ODistance from Entry End = .00 in
Distance Time Velocity Accelaration
0. .000 &79.59 319.36
10. o021 486.46 315.27
20. .0kt 492.55 31.20
30. .061 499.09 307.15
40. .081 505.17 303.12
50. 01 511.0% 299.12
40, .120 516.87 . 295.14
. 140 522.51 91.19
80. .15¢9 528.02 287.5
90. 77 533.39 283.34
100. 196 538.66 279 .46
110. 215 543.77 Z75.59
120. 233 548.78 2775
130. .251 $53.48 287.93
140, 269 558.46 264,13
150. 287 583.14 2560.36
) 160. .305 567.M 256.61
170. 322 572.18 252.87
180. .33¢9 576.55 249.17
190. 357 580.82 245.48
200. 374 585.00 241,81 -
210, 391 589.09 238.17
220. 408 593.09 23454
230. 425 567.00 230.9%
240, YY) 600.82 227.35
250. 458 604,57 223.%0
260. A4T4 608.23 220.26
7. A9 611.81 216.74
280, 507 a15.1 213.3
290, 523 &18.75 2. 75
300. 539 622.10 206,29
0. 556 £25.37 ‘W2.85
320. 57 628.58 199.62
330. 587 631.72 196.02
340, .603 192.564
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WHC-SD-WM-DA-209, Rev. 0  (Cgjculation Sheet

Project WHC - Eveluation of Tamk 2415101 Prepared By; 4 L Date
MIT Design for Other Tanks Ca VAR /&/Iq%
Sublect comparison of Tank/Maste Design Parameters Reviewed By: d'pp D‘“Idln \qg
System : ' ' Job No. N ' File No. i
Multifunction Instrument Tree (MIT) 95010 95010.1.1
Client Cale. No. Sheet No. 4_ 14 Reav. No, 0
Weight of Object = 925.0 b

Drop Wsight Above Fluid = 278.0 in

Velocity at Fluid Entry = 463.5 in/s

Fluid Layer 1 Depth 180.0 in; Specific Gravity = 1.46
Fluid Layer 2 Depth 180.0 in; specific Gravity = 1.46
Totat Fluid Depth 360.0 in; Print Results Every 10 in

Diameter 3.5 in
Number 0f Orag Plates 1 . :
Plate | Area = 9.621 in*2; Oistance from Entry End = 00 in
Distance Time Velocity Acceleration
0. .000 463.51 127.49
10. 021 470.48 323.59
20. L043 &77.27 9.1
30. 083 453.58 315.8%
40, .084 490.32 312.01
s0. 104 496.61 308.19
&0. 124 502.74 304.39
70. . Teb 508.72 300.52
80. 163 $14.56 296.86
90. 183 520.26 293.12
100, .202 525.82 289.M
110. 221 531.26 285.7T1
120, 240 5356.58 282.04
130. .258 541,78 278,38
140. 276 546.86 2N 75
150. W ] 551.83 T3
160, 313 556.49 267.54
170. 331 561.44 263.97
180. .348 566.09 260.41
190. 366 570.54 256.58
200, 343 575.09 253.36
210, 401 579.45 269.86
220. 418 583.72 266.38
230. 435 S87.90 + 242.93
240, 452 591.99 239.49
2%50. b9 595.99 236,07
260. 485 199.91 232.66
an. .502 §08.74 29.27
280, 519 &Q7.50 2.0
290. .535 411,18 22.56
300. 551 §14.79 219.22
310. 568 518.31 215.9
320. 584 621.77 212.462
330. .500 625.15 209.34
340, 614 628.47 208.08
3%0. 832 &31.72 202.84
360, AT §34.50 199.61
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WHC-SD-WM-DA-209, Rev. 0 Calculation Sheet

Project WNC - Evalustion of Tank 26157101 Prepared
MIT Design for Other Tanks WM‘ /o/ 3/ 9

Sublect comparison of Tank/Wasts Design Parameters Reviewed By: 4@% ("JH{R{
System Job No. ' File No.
Multifunction Instrument Tree (MIT) 95010 95010.1.1

Client Calc. No. Sheet No. 4_ 15 Rev. No. 4

Weight of Cbject = 925.0 b

Drop Height Above Fluid a 258.0 in

Velocity at Fluid Entry » 446.5 in/s

Fluid Layer 1 Dapth = 190.0 in; Specific Gravity = 1,38

Fluid Layer 2 Depth » 190.0 in; Specific Gravity = 1.38

Total Fluid Depth = 380.0 in; Print Results Every 10 in

Bouysncy Diameter » 3.5 in

Number Of Orag Plates = 1 ’

Plate 1 Area = 9.621 in*2; Distance from Entry End = .00 in

Distance Time Veloeity Acceleration

0. .000 446,52 334.73
10. 022 453.92 331.00
20. 0bd 461,11 327.29
30. 066 468.12 323.40
40. 087 &TH.9% 3993
50. -108 481.59 315,28
60. 128 488.08 312.65
70, 149 49%.40 ) 309.04
80. 169 500.58 . 305.44
90, .189 508.581 301.87

190. .208 512.50 298.31
110. .228 518.25 29677
120. 247 523.87 .35
130. .266 529.37 287.74
140, .28%5 534.75 284.26
150, 303 540.00 280.80
160. 7] 545.15 .35
170. 340 550.18 3.9
150. .358 555.11 270.51
1%0. 376 359.93 267.11
200. -394 544 .65 263.73
210, 411 569.27 260.38
220. 429 5735.80 257.03
230. «ohb 5M.3 253.M . .
260. 483 .57 250.40
250. 481 586.53 ™71
260, +498 .00 263.04
2n. S14 395.08 240.58
280. 531 599.08 ar1.13
290. 548 603.00 3411
300. S64 606 .25 30.%0
0. .581 610.41 ar.m
320. 9597 614.30 224.53
330. 413 817.92 .37
340. . 629 621.47 218.23
350. 546 624,95 215.10
350. 561 628.35 2.
370. &7 &81.89 208.%9
380. 4593 836,97 205.82
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WHC-SD-WM-DA-209, Rev. 0

_Calculation Sheet

A-53

WHC - Evatustion of Tank 241SY101 Prepared By Date ]
NIT Design for Other Tanks - /o/z (g
Subject comarison of Tank/uaste Design Parameters Reviewed By 4@% (a((q h s :
System Job No. v ' File No.
Multifunction Instrument Tree (MIT) ‘95010 95010.1.1
Client Calc. No. Sheet No. 4"16 Rev.No. ,
R
Weight of Object 925.0 b
Drop Height Above Fluid ] 238.0 in .
velocity st Fluid Entry = 428.9 in/s
Flufd Layer 1 Depth = 200.0 in; Specific Gravity s 1.31
Fluid Layer 2 Depth a 200.0 in; Specific Gravity = 1.3%
Total Fluid Depth = 400.9 -in; Print Results Every 10 in
Bouysncy Diameter = 3.5 in .
Number Of Drag Plates = 1
Plate 1 Ares = 9.621 in*2; Distance from Entry End = 00 in
Distance Time Velocity Acceleration
0. .000 428.87 34115
10. 023 436.M 337.58
20, 048 bk 33 334.03
30. .048 451.75 330.49
40, ) 458.97 326.97
50. 112 466 .00 323.47
60. 133 472,85 319.99
70. .154 479.54 316.52
80. AT 4845.06 313.07
90. 195 492.42 309.64
100, 215 498.63 306.22
110. 235 504.70 - 302.23
120. .25% 510,84 299.44
130. 274 516.43 296,08
140, .29 522.10 292.73
150. 313 527.45 289.40
160. .332 $33.07 286.08
170. .350 £33.38 282.78
180. .369 543.58 279.50
190. 387 548.67 276.23
200, 405 553.45 272.98
210, 423 558.53 249.75
220. YA 543.31 266.53
230. 459 . S67.99 263.33
240, AT6 572.59 250.14
250, 49 577.08 256.97
260, 511 581.49 253.M
270, .528 585.81 250.67
280, 545 590.05 247.34
290. 562 594,20 26k .42
300. 579 598.27 261.33
310. 595 602.27 358,25
320. .612 606.19 235.18
330, .628 610.03 232.13
340. L) 613.80 229.09
3s50. 661 817.49 226,07
360, 87T &21.12 225.06
x70. 493 624.68 220.07
380, .T709 628.17 21T.09
390. T8 631.59 214,12
400, T4 634,95 211.138
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WHC-SD-WM-DA-209, Rev. 0

Calculation Sheet

WHC - Evaluation of Tank 2418Y101 By: Date
MIT Design for Other Tanks Prepared By: 4&"6’&‘ 1 16{11(1:
Subj Reviewsd By: — te
DjeCt Comparison of Tank/Weste Design Parsmeters W o /’q /qr
System Job No. Flle No.
Muitifunction Instrument Tree (MIT) - 95010 95010.1.1
Client Calc. No. Sheat No. 4_-17 Rev. No.
Weight of Object s 925.0 b
Drop Height Above Fluid = 218.0 in
vVelocity at Fluid Entry = 410.5 in/s .
fluid Layer 1 Dapth z 210.0 in; Specitic Gravity = 1.25
Fluid Layer 2 Depth = 210.0 in; Specific Gravity = 1.25
Total Fluid Depth . = 420.0 in; Print Results Every 10 in
Bouyancy Dismeter = 3.5 in
Numbar Of Drag Plates = 1
Plate 1 Area = 9.621 in*2; Distance from Entry End = .00 in
Distance Time Velocity Accsteration
0. .000 410.45 346.85
10, 024 418,78 343.42
20, 048 - 426.86 340.00
30. .07 434.7 3356.80
40, .09 442.35 333,21
50. 118 449.78 329.84 .
60. .138 457.02 326.49
70, .160 454,07 323.15
8o, .181 470,95 319.83
‘90, .202 477,66 318.52
100. 223 &84 .20 313.3
110. 264 490,560 309.95
120. .26 496.84 306,69
130. .284 502.94 303.44
140. 304 508.91 300.21
150. 323 $14.76 297.00
160. 343 520.45 293.80
170. .362 526.04 290,61
180, 381 531.50 287 .44
190. L399 536.85 284,29
200, 418 542.09 281.15
210, 436 547.22 278.03
220, 454 552.26 274.9
230. 472 $57.18 271.a2
240. 490 562.01 268,74
250, 508 566.74 265.67
260, 526 571.39 262.82
270, 543 575.94 259.58
284, .560 580.40 256.55
290, 578 584.78 253.54
300, 595 S89.07 250.54
31a. 612 593.29 247.55
326G, 628 597.42 264.58
33a. +545 801.47 241,43
340. .662 605.45 238.48
350. 478 509.36 235.75
360. 4% 613.19 232.584
370, el 616,95 229.94
350, 727 620.64 227,05
- 390, .T63 624.27 224 .17
400, .75% 627.83 21.3
410. TS 631.32 218,46
420, .M 434,75 215.43
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. WHC-SD-WM-DA-209, Rev. 0  (Calculation Sheet
Project e - Evalustion of Tank 241SY101 Prepared Sy: Date:
{_____MIT peaien for Other Tanks - A s
Comparison of Tank/Maste Design Parsmeters od §: Date /0/’?/65
System . Job No. file No.

L myltifuncrion Instrument Tree (MIT) 219 95010.1.1
Client Calc. No. Sheet No. _ Rev. No.

Figure 4.2-1. Minimum Specific Gravity for
Drop Analysis vs Waste Level
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WHC-SD-WM-DA-209, Rev. 0

Calculation Sheet

WHC - Evaluation of Tank 2418Y101 Prepared By: Date -
MIT Design for Other Tanks 4@‘ ) "[H hg
Subject comparison of Tank/Maste Oesign Parameters Reviewed By: : Oate /Q/Iq /éf
System Job No. ‘ |/ 4 No.
. Multifunction Instrument Tree (MIT) 95 95010.1.1
Client Calc. No. Shest No. 4 -19 Rev. No. 0

Table 4.2-1. Minimum Specific Gravity '
for Drop Analysis vs Waste Level

Waste Leval (in) I Specific Gravity ?
250 2.12
260 2.03
270 1.98
280 1.89
280 1.82
300 1.78
320 1.65
340 1.55
360 1.46
380 1.38
400 1.31
420 1.25
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WHC-SD-WM-DA-209, Rev. 0  Calculation Sheet

Project . Prepared By: Oute
WwiHC - Evaluation of Tank 2413Y101 % “h*{qs,
' Reviewed By: , Date
W Comparison of Tank/Maste Design Parsmeters B R AAtitk ll]l)lq Y~
System Job No, File No. i
| Mulrifunction Lnatriment Trese (MIT) 25010 23010.1.1
Ciientt Cal. No. Sheet No, Rev. No.

F_______-.-—..—--‘i‘ﬂ—*

5.0 CONCLUSIONS

This study is a gerieric assessment that identifies limiting
parametegs_(gr;appj1;qh111t1“rpquirgments),,associated with the waste and
the MIT- structure,- based-on-the SY-101 MIT design and drop analysis, which
will allow a. cognizant engineer to determine the acceptability of the
existing MIT design for use in other tanks.

-~ THerefore; & MIT dESTOH Stmilar~to the SY-101 MIT design is
‘considered ‘acceptable for use in other tanks provided the following
applicability requirements are satisfied:

. Tank diameter = 75 ft
. Distance of riser bottom 1ip above tank floor < 42.5 ft

. Length of riser s 14 ft -

. Unsupported length of riser above the soil surface s 2.5 f{
. MIT location dome thickness = 15 in

. MIT location dome reinforcement = #6 at 10 in. on center
' . rmemmmme " (top and bottom, both directions)

. Rebar yield strength = 60,000 1bf/in’

. Dome concrete strength = 4,500 1bf/in?.

. Riser is 4"§chedu1e 40 pipe of'magegial with a minimum yield stress
greater than or equal to 30.0 kip/in®.

MIT Installation (Riser Locations and Dimensions)

. Radial distance from the center of the tank to the MIT =2 28 ft

. Distance of riser bottom 1ip above tank floor s 42.5 ft [

57 £ F3ITERIT
F e Y & 4 3
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WHC-SD-WM-DA-209, Rev. 0

Calculation Sheet

PrO}SCt Luc . gvaluation of Tank 24157101
| __MIT Desxfon far Other Taoks.

Due \\\M-hs

MIT Configuration

yield stress of 30.0 kip/in

{or circumferential dimensi

. Gas volume temperature s 1l

. Waste temperature s 140 °F.

. Total MIT assembly weight < 925 1bf

3eam1ess stainless steel with a minimum

on < 1.28 in)

. Full circumferential weld flaw size s 0.032 in. deep

Waste and Gas Volume Temperatures

0 °F

Subject Reviewed By: L Date
" Comparison of Tank/Vaste Design Parameters B R AALI LA l\’l)lﬂ’
System Job Neo. File No,

1T} 5010 25018,.1.1
Client Caic. No. Sheet No. Rev. No.

%

. Uniform MIT weight below riser flange connection s 525 1bf
. Probe head wejght's 400 1bf '

. Disténée‘bfiﬁfébe Head c.g. above riser flange connection = 4 ft
. Neminal MIT outer tube outside diameter = 3.5 in

. Nominal MIT outer tube wall thickness = 0.1875 in

. MIT outer tube material is

. Sampling port cutout circumferential dimension < 0.6 in
. Distance from thermocouple patch edge to bottom of riser lip 2 73 in
. Thermocouple patch {arc) chord dimension < 1.25 in

. Circumferential weld flaw size s 0.625 in. long and < 0.04 in. deep
. Wall thickness removal due to backing'ring milling < 0.023 in




WHC-SD-WM-DA-209, Rev. 0  Calculation Sheet

' . —t Date
Project e - Evaluation of Tank 2618Y109 Prapared By: M\@H \\\'A-ks
Subject Reviewec By: _* ] Date |, . |
Comparison of Tank/Maste Design Parsseters ' WA AbLILA HJ lﬂ 9y
System Job No. Fiile No.
, ; 1) 95010 $5010.1.1
Client Caic. No. Sheet No.i Rev. No.
Deadweiaht Lgads

. Total MIT assembly weight = 925 1bf

. Uniform MIT weight below riser flange connection < 525 1bf

. Probe head weight above riser s 400 1bf

¥aste Rollover Loads _

. The maximum waste velocity over the top 10 feet of waste is to be
enveloped by the applicable vaiue from Figure 3.6.2-1 and Figure
3.6.2-2 with effectively zero velocity below the 10 foot depth or the

" maximum bending moment at the riser 1ip caused by the forces
associated with the velocity distribution must not exceed 13,487 in-

bf. .
. 250 inches < waste level s 420 inches
Mixing Pymp Circutation Loads

. Velocity profile enveloped by Figure 3.6.3-1, specific gravity s 1.7
and mixed viscosity = 500 centipoise or the maximum bending moment at
the riser 1ip caused by the forces associated with the velocity
distribution must not exceed 17,686 1b-in

. 250 inches < waste level < 420 inches

. Unless it can be verified, through in-situ tests, that vortex
shedding is not present:

iHo?e 1 strain amplitude (% range) s 189 microstrain (at riser
ip .

-Mode 2 strain amplitude (% range) s 139 microstrain (at riser
1ip) for flow velocity in excess of the mode 2 "lock-in"
velocity of 1.9 ft/s
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WHC-SD-wM-DA-209, Rev. 0  Calculation Sheet

Project yyc - Bvaluation of Tank 24187101 _ Prepared By: %\ Dete “h“'l’ii_
NI Deaion for Qthac Taoks.
, S T——— i Date |

Comparison of Tank/uaste Design Parsmeters A. PALILA ”lu‘l"/
System Job No. File No. o
| uitifuncrion Inatoupent Ioes (MLT) 5010, 25010 1.1
| Client Cale. No. SheetNo. _ Rev. No.

Design Basis Earthquake Loads

. A seismic design basis, enveloped by or equivalent to the SDC-4.1
Figure 3 response spectrum - 0.2 g (5% critical damping)

. 250 inches < wa‘sie.-levﬂ < 420 inches
. Specific gravity = 1.7
. Viscosity < 25,000 centipoise.

Waste Sloshing Loads

. A seismic design basis, enveloped by or equ-i'va‘tent to the SDC-4.1
Figure 3 response spectrum - 0.2 g (2% critical damping), which is
scaled to obtain spectral values at 0.5 % critical damping

. 250 inch.es < waste level < 420 inches
. Specific gravity = 1.7
. Viscosity s 25,000 centipoise.

. Hydrogen burn pressure s 70 1bf/in? (gauge)
. Riser diameter < 4 in

e . MIT is bolted to the riser with the connection capable of
accomodating a tensile load of 1760 1bf

A-60 - ¥ a Y4 ¥hs
ML T RIS £
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WHC-SD-WM-DA-209, Rev. 0

Calculatidn Sheet

Projest uc - Evalustion of Tank 2415Y101
| NI Desien for Other Lacks

Prepared By: ‘%JO‘aEFﬁ nm.“b**ﬂ!i;_

Drop Analysis

Tavel.

Notes:

percent.

one.

ADVENT 1994).

Reviewed By: ' Date )
Comparison of Tank/Waste Desipn Parameters R HALIGA i /g 37 qr
System Job Ne. .Fila No.
Multifunceion Inatcument Tree (NITY 25010 95010.1.1
Client Calc. No. Sheet No. 5 - Rev. No.

. Table 4.2-1 and Figure 4,2-1 show the results of the drop analysis
and provide the minimum specific gravity necessary for each waste

For a given waste level, if the specific gravity for a given

tank is less than the reported minimum required specific gravity, an

impact 1imiter should be installed to limit the effects of a possible

drop unless a more detailed drop amalysis can show otherwise.

1. It is conservatively estimated that an increase in MIT length
below the riser 1ip from the as-modeled dimension of 41.43 ft
to 42.5 ft increases demand-capacity ratios by no more than 5

2. Previous restrictions governing placement of a gas sampling
port near the riser 1ip have been lifted. A sampling port
located at the riser lip affects previously documented
calculations as follows:

The maximum bending stress at the gas sampling port
jncreases due to an increase in bending moment
(evaluation of the MIT at a gas sampling port was .
previously based on the bending moment calculated 5 in.
For the controlling load
combination, the bending moment increases only 2.2%
(39,818 versus 38,969 in-1bf as shown on Sheet E-18 of
Considering this increased bending moment
cumulatively with the effect of increased MIT length,
demand-capacity ratios are still comfortably less than

below the riser 1ip).

tocal contact stresses as calculated on Sheets 8-12 and
8-13 of ADVENT 1994 are increased due to the presence of
the sampling port at the point of contact.
large factor of safety (25) calculated in ADVENT 1994,
increased contact stresses are of no concern.
deformation of the MIT at the point of contact will
reduce the net section modulus to a negligible degree.

A-61
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No. 1-C)

Nostrand.

Washington.

Washington. .

Washington.

WNC - Evatuation of Tank 2415101 Prepared By: Dats

MIT Design for Other Tanks Y o] 1nlag”
Subject o Reviawed By: Date ' Eﬁ

Comparison of Tank/Waste Design Parsmeters /0 /,q r
S Job No. 54/ 4 File No. ' ‘

Multifunction Instrument Tree (MIT) - 95010 95010.1.1
Client Calc. No. Sheet No.é__ 1 Rev. No. 0
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APPENDIX B

Current MIT Configuration
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The current configuration for the MIT design is documented on the following
drawings, which cover MITs 1 through 8. Key configuration dimensions taken
from these drawings are show in Figures 1 through 4 for MITs 3 through 8.
MITs 1 and 2 are not included because their structural qualification is
covered in a separate structural analysis report.

Drawing Sheet Revision

H-2-85141
H-2-85141
H-2-85141
H-2-85141
H-2-85141
H-2-85141
H-2-85141

H-2-85142
H-2-85142
H-2-85142
H-2-85142
H-2-85142
H-2-85142
H-2-85142
H-2-85142
H-2-86142
H-2-85142
H-2-85142
H-2-85142
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FIGURE 1. KEY CONFIGURATION DIMENSIONS FOR MIT HEAD ASSEMBLY

CENTER OF GRAVITY FOR.
MIT HEAD ASSEMBLY

‘ % 18.5" H—2-85143-2
REV 0

1/2 (18.5) = 9.25"
ASSUMED |

f f
9.5" H-2-85142-2
‘ L] REV 2 MIT_DATUM
1" ASSUMED

44.5" ITEM #26
H-2-85142-1
REV 4

1
4

B-2 J57
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FIGURE 2. KEY CONFIGURATION DIMENSIONS FOR MITS 3 THROUGH 4
il

.
}
| 44.5° ITEM #26
j H-2-85142—1 REV 4
|
0'6” -_l l._ . " Ul |
I[.565 E1.330 |
—— |
i | " SAMPLE TUBE
PRESSURE PORT ( ) 216.0 ITEM #11
GAS SAMPLE PORT #1 — H-2-85144-3 REV 3

GAS SAMPLE PORT #2 AR

H-2-85144-3 REV 3 .
3 PLACES \b f 88.5

1.22° "

2.010°

138.0" TUBE #1
ITEM #6
H-2-85144—4 REV 3

i

THERMOCOUPLE PORT
H-2-85144-4 REV 3

138.0" TUBE #2
ITEM #7
H-2-B5144-5 REV 2

138.0" TUBE #3
ITEM #8
H-2-85144-5 REV 2

! —1.38~-.88 = .5
! H-2-85144-2 REY 2

NOTE: DIMENSIONS LOCATING THE PRESSURE PORT, GAS SAMPLE PORTS AND THE
THERMOCOUPLE PORT ARE TO THE CENTER OF THE CUTOUT.

B-3 JS2




WHC -SD-WM-DA

FIGURE 3.

&5"_-“Ei:ffi_£:L33d’
i
N

PRESSURE PORT
GAS SAMPLE PORT #1
GAS SAMPLE PORT #2
H-2-85144-3 REV 3

3 PLACES

THERMOCOUPLE PORT
H-2-85144-4 REV 3

{

—— e e e T e e e T ey

-09, Rev. 0O
KEY CONFIGURATION DIMENSIONS FOR MITS 5 THROUGH 8

MIT DATUM

}

44,

s ITEM #26
H-2-85142-1 REV 4

215

88.44"

7

64.44"

g

]9244?

.94" SAMPLE TUBE
ITEM #19
H-2-85144-3 REV 3

125"

L1 0.94’

137

.94" TUBE #4
ITEM #20
H-2-85144-4 REV 3

128"

137

.88" TUBE #5
ITEM #21
H-2-85144-5 REV 2

125"

137

.88" TUBE #6
ITEM #22
H-2-85144-5 REV 2

—1.38-.88 = .5
H-~2-85144-2 REV 2

NOTE: DIMENSIONS LOCATING THE PRESSURE PORT, GAS SAMPLE PORTS AND THE
THERMOCOUPLE PORT ARE TO THE CENTER OF THE CUTOUT.

B-4
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FIGURE 4. SUMMARY OF KEY CONFIGURTATION DIMENSIONS FOR MITS 3 THOUGH 8

= )
$
19.75 DATUM

|

i 167.335

|

II 171.335

|
PRESSURE PORT | 195.335
GAS SAMPLE PORT #1 | 248,495
GAS SAMPLE PORT #2 ' :

THERMOCOUPLE #22

|
|
|
|
|
|
F
|
|
|
|
|
|

675.000 MITS 3 AND 4

675.015 MITS

5 THROUGH 8

NOTE: DIMENSIONS LOCATING THE PRESSURE PORT, GAS SAMPLE PORTS AND THE
THERMOCOUPLE PORT ARE TO THE TOP OF THE CUTOUT.

B-5
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APPENDIX C

Structural Qualification of MIT for Installation In
Tanks 241AN103, 104, and 105
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CHECK LIST FOR STRUCTURAL CHJALIFICATSON OF MIT FOR

A SPECIFIC INSTALLATION
Tank Number 24]1-AN-103 Installation Drawing _H-2-85610-1 Rev. 0
Riser Number RIS-131 (15A) MIT Reference Number _5

(Note: Any requirement checked "no" invalidates the structural acceptance of
the MIT installation, unless further engineering evaluations are performed to
resolve the discrepancy)

criteria Item Requi rement Satisfied Actual Vatue/Status

Refarence/Comment

Tenk Diameter 75t v : 75 t H-2-71975, Rev. 2
Radfal Distance from z 28 ft / 28 ft H-14-10501-3, Rev. O
Center of Tank to MIT .
Location
Distance from Tank s 42.5 1t / 42.46 ft max See Dimensional Calculations
Floor to Bottom Lip of in this Appendix
Riser
Length of Riser 5 16 ft e 13.36 ft max See Dimensional Calculations
- in_thi ix

Unsupported Length of £ 2.5 ft / 1.72 ft Ses Dimensional Calculations
Rissr Above Soil in this Appendix

[ Dome Thickness at MIT 15 in. / 15 in. H-2-71907, Rev. 1
Location
Dome Concrete Strength | = 4,500 Ibf/in® v 4,500 Lbt/in® H-2-71907, Rev. 1
Reinforcing Bar Size at : ¥ / # min H-2-71907, Rev. 1
MIT Location . H-2-71908, Rev. 1
Reinforcing Bar Center £ 10 in. / 10 in, max K-2-71907, Rev. 1

to Canter Spacing at
MIT Location (Top and

Bottom, Both

Directions)

Reinforcing Bar Yield x 60,000 ll:rl'lit'az s 60,000 lhflil'l2 H-2-71907, Rev. 1t

St

Riser Pipe Size and 4 in, Sech 40 / 4 in. Sch 40 N-2- 72006 ‘Rev. 1
_Schecule - - 2

Riser Material Yield » 30,000 Lbf/in® / 35,000 lbf/lnz | ASTH AS6 Type S Gr. B

Strength 35 000 ibf/in (N-2-T2004, Rev. 1)

ASTM A-106 Gr. B

Total MIT Weight £ 925 Lbf i K 925 Lbf See Note 1

Probe Head Weight < 406 \bf / - | 400 Lbf See Note 1

Nominal Outside 3.5 in. / 3.5 in. H-2-8%144-1, Rev. &
Dismeter of Outer Tube

Nominal Wall Thickness 0.188 in. s 0.188 in. H-2-85144-1, Rev. &

of Oyter Tube
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A SPECIFIC INSTALLATION

Tank Number 211‘ -AN-103
Riser Number RIS-131 (]15A)

CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR

Installation Drawing _H-2-85610-1 Rev. 0

MIT Reference Number _5

Weld Flaw Size (Length
X Depth)

or

Futl Circumferential

£ 0,032 in.

-----

Criteria 1tem Requi rament Satisfied Actuat Value/Status Reference/Comment
Yeos N/A
Outer Tubs Matarial Seamless, Stainless /s ASTM AS11 H-2-85144-1, Rev. 4
Type Stesl Tube TP304L Annesled
Outer Tube Material » 30,000 Lbt/in? / 30,000 Lbf/in? ASTM A511 TP 304L Annealed
| Yield Strength -
Sapl ing Port Cutout £ 0.6 in. / 0.6 in, H~-2-85144-3, Rev. 3
Circumferential
_Djmeneien
Thermocouple Cutout < 1.28 in. ' 1.22 in. H-2-85144-4, Rev. 3
Circumferential
Dimension
or
chord Dimension 12540, | | | ] -eee--
Wall Thickness Removed | s 0.023 in. 0.023 in. H-2-85144-5, Rev. 2
for. Circumferential
Weld Backing Ring .
or
Partial Circumferential < 0.625 x < 0.04 in. S | 7 ] mee---

Thermocouple #22 Cutout

Uniform Weight of MIT s 525 \bf 7 525 Lbf See Nota 1
Balow the Riser Flange
| Connections
Helght of Probe Hesd | s & ft 7 2.57 ft See Dimenaional Calculations
Conter of Gravity Above in this Appendix
| Riger Flange Corpection
Top Ecge of x 73 in. / 77.4 in. nin See Dimersional Calculations

in this Appendix

Gaes Temperature in
|_Vapor Spece

s 110 *F

<111 *f

See Note 2

Waste Temperature

s 140 °F

<114 °F

Reynolds 1994

1

strangth due to the potential dittersnos of 1.0 *F would be negligible.

c-2

The sowsl temparature |s closs snoughts the temparnturs iimit to be considersd aooeptable. Any additions! reduction on material
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CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR
A SPECIFIC INSTALLATION

Tank Number 24]1-AN-103
Riser Number RIS-131 (15A)

Installation Drawing _H-2-85610-]1 Rev. 0

MIT Reference Number _5

Criteria Item

Recui rement

_Wu Depth

Satiafied
] N/A

Actual Value/Status

Reference/Comment

250 to 420 in. 347.5 in. Marual Taps on 7/31/95
PC-SACS Database
Specific Gravity < 1.7 Effective $.G. <1.7 | See Note 3
Viscosity 5 25,000 cp 19.5 cP conv. layer | Reynolds 1994

Naximm Waste Velocity
over Top 10 Feet of
Waste (Waste Velocity
Below 10 Foot Depth
Effectively Zero)

or

Bending Moment in MIT
Outer Tube at Bottom
Lip of Rii

Velocity Enveloped by
Applicable Valus from
Figure 3.6.2-1 and
Figure 3.6.2-2

< 15,487 lb-in

2.3 ft/s max
Allowable Velocity
from Figure 3.6.2-1
a8 1.5 s.9.,

10,000 cP, and
347.5 in.,

Actual Velocity

< 2.0 ft/s

See Note 4

Velocity Profilie and
Mixed Waste Valocity at
MIT Location

or

Bending Moment in MIT
at Bottom Lip or Riser

strain Amplitude (1/2
of Strain Range) in NIT
Outer Tube st Bottom
Lip of Riser for
Vibration Moces 1 and 2

or

Show that Vortex
Shedding is not
Present.

£ 139 & In/in Mode 2
Vibration Mode 2
Applicable only if
Flow Velocity at MIT
Location Exceeds Mode
2 "Lock-1In® Velocity
of 1.9 ft/s

Verity Through In-Situ
Tests

Velocity Profile /! No Mixer Pumps Installsd in
Enveloped by Figure this Tank

3.6.3-1 and Viscesity

< S00 cp

s 17,686 in/in

< 189 & in/in Mode 1 / No Mixer Pusps Installed in

this Tank

c-3
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A SPECIFIC INSTALLATION

Installation Drawing u—z-g&g:g-i Rev. 0

Tank Number 24]-AN-103
Riser Number RI$-131 (15A)

MIT Reference Number _5

CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR

Criteria Item

Requirement

Satisfied

Actual Value/Status

Reference/Comment

Sefsmic Response
Spactra for Structure
Inertial Load

Erveloped or

Equivaient to the

Response Spactra in

1 S0C-4.1, Rev, 12, for
a 0.2 g Earthquaeke at

5% tritical Damping

0.12 g Response
Spectra per
sDE-4.1, Rev. 12,
5% Damping -

MIT is Safety Class 3
{Kidder 1993, For Safsty
Class 3 components the

0.12 g response spectra from
SDC 4.1, Rev, 12, is used,
:hich is enveloped by the

Seisaic Resporse
Spectra for Waste
Sloshing Load

Enveloped or
Equivalent to the
Response Spectra in
SDC-4.1, Rev. 12, for
a 0.2 g Earthgquake at
0.5%Critical Damping
{scaled from spectral
values for 2% critical

0.12 g Responss
Spactra par
DC-4.1, Rev. 12,
0.5% Damping

MiT {5 Safety Class 3
(Kidder 1993). For Safaty
Class 3 components the

0.12 g response spectra from
$DC 4.1, Rev. 12, is used,
which is envaloped by the
0.2 g response spectra.

te NIT to Ri

Hydrogen Burn Pesk < 70 Lbf/ind < 70 ibt/in® See Note 5
|_Pressurs (Gauge)

Tersile Load Capecity =.1,760 Lbf > 1,760 Lbf By Inspection

of Bolting that H-2-85610-1, Rev. 0

Waste Depth and
Viscosity

or

Use Impect timiter for
NIT Inatallation

Actual Minimum
Specific Gravity

+ Minimum Required
Value from

Figure 4.2-1 for
Actual Waste Depth

Impact Limiter Cepable
of Absorbing Drop
Energy

1.52 5.G. Required
@ 347.5 in. Maste
Depth, Actual
Effective

$.G. > 1.52

See Note 3
Impact Limiter not Required

Based on the above checklist results, the indicated MIT installation is
structurally qualified.

Cognizant Engineer
Cognizant Manager

Indepehdent Review

Date, f‘/é/gﬁ'

RV .. JEMEINS
tost

Date _/ z/{/ 95~

Date R-l-95

c-4 .
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CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR

A SPECIFIC INSTALLATION
Tank Number 24]1-AN-103 Installation Drawing _H-2-85610-1 Rey. 0
Riser Number RIS-131 (15A) “MIT Reference Number _5
NOTES: '

t. This MIT is essentially identical to the MiTs instalied in tank SY101 (MITs 1 & 2, H-2-
85141, Rev. 4). Thersefore, their weights and weight distributions are also identical.

2. Waste surface temperaturss (Reynolds 1994) were used for the gas temperatures. Actusl gas
temperatures will be stightly less than the wasts surface temperature.

3. Recorded values for specific gravity are 1.5 for the convective layer and 1.8 for the nen-
convective Layer, which covers the Lower 150 in. of waste (Reynolds 1994). B8assd on these
values, the effective specific gravity for lateral waste loads is expected to be less than
1.;’21114 the effective spacific gravity for the accident drop is expected to be more than
1.52. .

4. Waste roilover velocity for the AN tanks is axpected to be less than 2.0 ft/s, the velocity
used to quaiify the SYIOT MITs, because the waste rollovers in the AN tanks are less
snargetic than those In tank 8Y101 (Reynolds 1994). :

5. Pesk hydrogen burn pl'llli.li"‘ for the AN tanks is sxpected to be Less than 70 lbflinz, the
hydrogen burn pressure used to qualify the 5Y101 MI1Ts, because the waste rollovers in the
AN tanks are less enargetic than those in tanks SY101 (Reynolds 1994).

REFERENCES:

Reyrolds, D. A., 199, “Evaluation of 241 AN Tenk Ferm Flammeble Gas Behavior," WHC-EP-0717,
Janusry 1994, Westinghouse Hanford Company, Richland, Washington.

Kidder, R. J. 1993, "Double-Shell Tank Interim Safety Ecuipment List,® WHC-SD-WM-SEL-026, Rev. 1,
westinghouse Hanford Company, Richland, Washington.

c-5




WHC-SD-WM-DA-209, Rev. 0
CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR

A'SPECIFIC INSTALLATION
Tank Number 241-AN-104 Installation Drawing _H-2-85611-]1 Rev. O

Riser Number RIS-131 (]15A) MIT Reference Number _6

(Note: Any requirement checked "no" invalidates the structural acceptance of
the MIT installation, unless further engineering evaluations are performed to
resolve the discrepancy)

Criteria Item Requirement Satigfied | Actual Value/Status Reference/Comment

Tork Dismster 7 ft / ™ ft H-2-T1975, Rev. 2

Radial Distance from x 28 ft ; 28 1t H-14-10%501-3, Rev. 0

Center of Tank to MIT

Loeation

Distance from Tank 5 2.5 ft v 42.46 ft max Ses Dimansional Calculations

Floor to Bottom Lip of . in this Appendix

Riser

Length of Riger < 14 ft /7 13.34 ft. max ?n D:mionll Calculations
n

Unsupported Length of g 2.5 ft / 1.72 ft Ses Dimensional Calculations

Riser Above Soil in this Appendix

pome Thickness at NIT x 15 in. / 15 in. H-2-71907, Rev. 1

Location

Dome Concrets Strength | = 4,500 tbf/in® / 4,500 ibt/in? H-2-71907, Rev. 1

Reinforcing Bar Size at | = #6 / | # min . H-2-T1907, Rev. 1

MIT Locarion H-2-71908, Rev. 1

feinforcing Bar Center < 10 in. 7/ 10 in. max H-2-71907, Rev. 1

to Center Spacing at
NIT Location (Top and *

Bottom, Both
Directions)
Reinforcing Bar Yield x 60,000 Lbt/in® / 60,000 Lbf/in® #-2-71907, Rev. 1
st )
Riser Pipe Size and | 4 in. Sch 40 / 4 in. Sch 40 H-2-72004, Rev. 1
. . . u-z-m!!!-i sﬂl s! |
Riser Naterfal Yield > 30,000 Lbf/inc y 35,000 lbfllng ASTN ASS Type S Gr. B
strength . 35,000 Lbf/in (H-2-T2004, Rev. 1)

ASTM A-106 Gr. B

Total MIT Welght < 925 \bf / 925 bt See Note 1

Probe Neead Weight < 400 Lbf '4 | 400 Lbf Ses Note 1

Nominat Outside 3.5 in. / 3.5 in. ' H-2-85144-1, Rev. &
1 Dismeter of Outer Tube .

Nominal Wall Thickness 0.188 in. 4 0.188 in. H-2-85144-1, Rev. &

of Quter Tu.gtc
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" CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR
A SPECIFIC INSTALLATION

Installation Drawing _H-2-85611-1 Rev, O
MIT Reference Number _§

Tank Number 24]1-AN-104
Riser Number RIS-131 (15A)

Criteria Item

Outer Tubs Material
|_Type

Requirement

Seamiess, Stainless
Steel Tube

Actual Valus/Status

ASTM AS11
TP304L Annealed

Outer Tube Material
Yiel

» 30,000 Ibf/in®

Reference/Comment

H-2-85144-1, Rev. &

30,000 \bf/in?

ASTN AS11 TP 304L Annesled

Sampling Port Cutout
Circumferential

Dimension

H 0.6 in.

0.6 in.

H-2-85144-3, Rev. 3

Thermocouple Cutout
Circumferential
Dimension

-1

Chord Dimension

< 1.28 in.

3 1.25 in,

1.22 in,

H-2-85144-4, Rev. 3

Wall Thickness Removed
for Clrocumferentiat
Wald Backing Ring

or

Partial Circusferential
Weld Flaw Size (Length
x Depth)

or

Full Circumferential

£ 0,028 in.

£ 0.625 x £ 0.04 in.

s 0.032 in.

-----

H-2-85144-5, Rev. 2

Thermocouple #22 Cutout
o ) m Lip of F

+

Uniform Weight of NIT 5 525 ibf 525 Lbf See Note 1
Below tl;o Riser Flange
| _Connections
Height of Probs Head 1 4 ft 2.57 ft See Dimensional Calculations
Center of Gravity Above . in this Appendix
| &iser flange Connection
Top Edge of : 73 in, 77.4 in. ain See Dimensional Calculations

in this Appendix

Gas Temperature in 5 110 °F <107 °F See Note 2
| Vapor_Spece
Waste Tenperature i 140 °F <123 °F Reynolds 1994

c-7
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CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR
A SPECIFIC INSTALLATION

Tank Number 241-AN-104
Riser Number RIS-131 (15A)

MIT Reference Number _§

Installation Drawing _H-2-856]11-1 Rev. 0

Criteria Item

Actual Value/Status

Reference/Comment

Waste Dapth 250 to 420 fn. 385.9 in. ENRAF on 8/14/95

‘ BC-SACS Datsbase |
Specific Gravity 2 1.7 1.46 Brager 1994

Viscoaity 5 25,000 cP < 17,500 cP See Note 3

MNaximun Waste Velocity

over Top 10 Feet of
Waste (Waste Velocity
Below 10 Foot Depth
Effectively Zero)

or

Bending Moment in MIT
Outer Tube at Bottom

Velocity Enveloped by
Applicable Value from
Figure 3.6.2-1 and
Figure 3.8.2-2

< 13,487 lb-in

2.3 ft/s mex )
Aliowable Velocity
from Figure 3.2.2-1
8 1.5 s.¢9.,

17,500 cP, and
385.9 in.,

Actual Velocity

< 2.0 ft/s

See Note 4

Velocity Profile and

Velocity Profile J No Mixer Pumps Inatalled in
Mixed Waste Velocity st | Envelopsd by Figure this Tank
NIT Location 3.6.3-1 and Viscosity

< 500 cp.
or ;
Bending Moment in MIT s 17,686 In/in

r

Strain Amplitude (1/2 £ 189 g in/in Mode 1 ' No Mixer Pumps Installed in

of Strain Range) in MIT
Outer Tube at Bottom
Lip of Riser for
Vibration Modes 1 and 2

or

Show that Vortex
Shedding is not
Pressnt.

£ 139 & in/in Mode 2
Vibration Mode 2
Applicable only if
Flow Velocity at NIT
Location Exceeds Mode
2 "Lock-1n" Velocity
of 1.9 ft/s

Verity Through In-Situ
Tests

this Tank
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CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR

A SPECIPIC INSTALLATION
Tank Number 241-AN-104 Installation Drawing _H-2-85611-1 Rev. Q.
Riser Number RIS-131 (]5A) MIT Reference Number _§
Criteria Item Requirement Satistied Actusl Valua/Status Refersnce/Conment

Seismic Response Enveloped or 7/ 0.12 g Response MIT is Safety Class 3
Spectra for Structure Equivalent to the Spectra per (Kicdder 1993). For Safety
Inertial Load Response Spectra in SDC-4.1, Rev. 12, Class 3 components the
. SDC-4.1, Rev. 12, for 5% Damping 0.12 g respornse spectra from
s 0.2 g Earthquake at $0C 4.1, Rev. 12, is used,
SX Critical Damping which is enveloped by the
0,
Seismic Response Erwaloped or / 0.12 g Response MIT is Safety Class 3
tra for \Wasts Equivalent to the Spectra per (Kidder 1993). For Safety
Sloshing Load Response Spectra in : SDC-4.1, Rev, 12, Class 3 components the
SDC-4.1, Rev. 12, for 0.5X% Damping 0.12 g response spectra from
a 0.2 g Earthquake at SOC 4.1, Rev. 12, is used,
0.5XCritical Demping which is enveloped by the
(scaled from spectral 0.2 g response spactra.
valuss for 2X critical
ing}

m Burn Pesk < 70 (bf/ind / “| < 70 wtrin® See Note 5
_Proseure (Gauge)

Tensile Load Capacity t 1,760 \bf / > 1,760 Lbf By lmpiction

of Bolting that H-2-85610-1, Rev. O

Connects MIT to Ris

or

Waste Depth and Record Minimum 4 1.36 5.G. Required 8rager 1994 ;
Viscosity Specific Gravity @ 385.9 in. Waste Impact Limiter not Requir
= Minimus Required Depth, Actual
Value from $.G. 1.48

Use Impac
MIT Installation of Absorbing Drog

Figure 4.2-1 for
Actual Waste Dapth

t Limiter for Impact Limiter Capablie SEILTE

Enar:

Based on the above checklist results, the indicated MIT installation is
structurally qualified.

Cognizant Engineer

Date _ 7 2// 95"
FoR. Wb, JORIRIAS VR
Cognizant Manager coar__ Date _/2/0/%5

Independent Review 7”3 W _ Date [}-|-1§
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Tank Number 241-AN-104
Riser Number RIS-131 (15A) MIT Reference Number _§

NOTES:

REFERENCES:

WHC-SD-WM-DA-209, Rev.
CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR
AKSPECHHC:IGFTALLATNDN

Instal]ation Drawing H-2-85611-1 Rev, 0

This MIT is sssentially identical to the NITs installied in tank SY101 (MITs 1 & 2, H-2-
85141, Rev. 4). Therefors, their weights and weight distributions are siso identical.

Waste surface temperaturss (Reynolds 1993) were used for the gas temperatures. Actual gas
temparatures will be slightly less than the waste surface temperature.

Viscosity is assumed. to be less than 17,500 cP because no data is available. This value is
higher than any known viscosity in any Hanford tank.

Waste rollover velocity for the AN tanks is expected to be less then 2.0 ft/s, the velocity
used to qualify the SY101 MITs, because the waste rollovers in the AN tanks are less
erargetic than those in tank SY101 (Reynolds 1994).

Peak hydrogen burn pressure for ths AN tanks fs expected to be Less than 70 lbf/fnz, the
hydrogen burn pressure used to qualify the SY101 MITs, because the waste rollovers in the
AN tanks are less energetic than those in tanks SY101 (Reynolds 1994).

Brager, H. R, 1994, “Summary Information on Flammable Gas Watch List Tenks, WHC- EP -077," January 1994,
Hut'lndmuu Hanford Company, Richlamd, Washington.

Reynolds, D. A., 1994, “Evaluation of 241 AN Tank Farm Flammable Gas Behavior," WHC-EP-0717,
January 1994, Westinghouse Hanford Company, Richland, Washington.

Kidder, R. J. 1993, "Double-Shell Tank Interim Safety Equipment List," WHC-SD-WM-SEL-026, Rev. 1,
Westinghouse Hanford Company, Richiand, Washington.
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WHC-SD-WM-DA-209, Rev. 0
CHECK LIST FOR S8TRUCTURAL QUALIFICATION OF MIT FOR

A SPECIFIC INSTALLATION
Tank Number 241-AN-105 Installation Drawing _H-2-85612-1 Rev, 0

 Riser Number RIS-131 (15A) MIT Reference Number _7

(Note: Any requirement checked "no" invalidates the structural acceptance of
the MIT installation, unless further engineering evaluations are performed to
resolve the discrepancy)

Criteris Item Requirement Satisfied Actual Value/Status Reference/Comment
' No | N/A

Tank Diameter ™ ft 4 75 ft H-2-71975, Rev. 2
fRadial Distance from : 28 ft N | 28 ¢t ' H-14-10501-3, Rev. O
Center of Tank to MIT
|_Locaticn
Distance from Tank g 42.5 1t / 42.46 ft max See Dimensional Calculations
Floor to Bottom Lip of ) in this Appendix
Rissr
Length of Riser 1 14 ft F ) 13.34 ft max See Dimior(al Calculations
in this Appendix
Unsupperted Length of 125 ft / 1.72 ft See Dimenaional Calculations
Risar Above Soil : in this Appendix
| Surfece -
Dome Thickness at MIT z 15 in. / , 15 in. H=2-71907, Rev. 1
L hoeation
Doms Concrete Strength t 4,500 lbf/il'lz / 4,500 li:hi‘l‘!ﬂ2 H=2:-71907, Rev. 1
Reinforcing Bar Size at : # / #5 min H-2-71907, Rev. 1
#-2-71908, Rev, 1

Reinforcing Bar Center s 10 in. / 10 in. max H-2-71907, Rev. 1
to Center Spacing at . .
NIT Location (Top and

Bottom, Both
)

Reinforcing Bar Yield = 60,000 lbflinz / 60,000 lbf/'l'lz H-2-71907, Rev. 1
Strength .
Riser Pipe Size and 4 in, Sch 40 / 4 in. Sch &0 N-2-72004, Rev. 1
Schaduie H-2-85610-1, Rev. O
Riser Mater{al Yield : 30,000 ll:rf/il'iz / 35,000 lbfling ASTM AS6 Type 5 Gr. B
strength 35,000 \bf/in (4-2-72004, Rev. 1)

: ' + ASTM A-106 Gr. B

Total MIT Weight £ 925 Lbf / 925 Lbf Ses Note 1

Probe Head Weight £ 400 Lbf / 400 \bf See Note 1

Nominal Outside 3.5 in. / 3.5 in. H-2-85144-1, Rev. &
Nominal Wall Thickness 0.188 In. 7/ -1 0.188 in. - H-2-B5144-1, Rev. 4
of Outer Tube .
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WHC-SD-WM-DA-209, Rev. 0
CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR

A SPECIPIC INSTALLATION
Tank Number 25_1;&;1_0_5__ Installation Drawing _H-2-85612-1 Rev, 0
Riser Number RIS-131 (15A} MIT Reference Number _7 |

Criteria Item Requirement Actual value/Status Reference/Comment

Outer Tube Material Seamless, Stainless y ASTM A511 H-2-85144-1, Rev. &
| _Type Steel Tube 1P304L_Annesled :

Outer Tube Materfal » 30,000 Lbf/in? y 30,000 bt/in? ASTM AS11 TP 304L Annealed
_Yield Strength

Sampling Port Cutout 3 0.6 in. / 0.6 in. H-2-85144-3, Rev. 3

Circusferential
|_Dimenwsion

Thermocouple Cutout 5 1.28 in. / 1.22 in. H-2-85144+4, Rev. 3

Circumfarantial

Dimension

or

chord Dimension 1.8 0} 1 ] -------

VWall Thickness Removed | s 0.023 in. / 0.023 in. H-2-85146-5, Rev. 2

for Clircumferential
Weld Backing Ring

or

Pirtial Circumferential £0.685 x20.01n. | | | ] mmme--
Weld Flaw Size (Length
X Depth)

or

full Circumferential < 0.032 in.

unfform WYeight of MIT 5 525 Lbf 7/ 525 Lbf See Note 1
Below the Riser Flange
Height of Probe Head s 4 ft ' 2.57 ft See Dimensional Calculations
Center of Gravity Abriwn in this Appendix

on : : :
Top Edge of z 73 in. / 7.4 in. min See Dimensional Calculations
Thermocoupie #22 Cutout : in this Appendix

Gas Temperature in s 110 °F | <100 *F See Note 2
_Vapor _Space
Vaste Temperature 5 140 °F / <112 *F Reynolds 1994
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CHECK LIST FO

WHC-SD-WM-DA-209, Rev. 0
R STRUCTURAL QUALIFICATION OF MIT FOR

A SPECIFIC INSTALLATION

" Tank Number 24]1-AN-105
‘Riser Number RIS-131 (15A)

Installation Drawing ﬂ—z-ggglz,] Rev. 0

MIT Reference Number _7

Criteria Item

Requirement

Satisfied

Actual value/Status

Reference/Comment

Waste Depth 250 to 420 in. 412.235 in. Manual Tape on B/3/95

PC-SACS Datsbase
Specific Gravity s 1.7 1.53 Bragsr 1994
Viscoiity < 25,000 cP < 17,500 Ses Note 3

Maximum Waste Velocity
over Top 10 Fest of
Waste (Waste Velocity
Below 10 Foot Depth
Effectively Zero)

or

Bending Moment in MIT
Outer Tube at Bottom

Valocity Enveloped by
Applicable Value from
Figure 3.6.2-1 and
Figure 3.6.2-2

s 13,487 Lb-in

2.5 ft/s wax .
Allowable Velocity
from Figure 3.2.2-1
@ 1.5 s.9.,

17,500 cP, and
412.25 in.,

Actual Velocity

< 2.0 ft/s

See Note &

vVelocity Profile and
Mixed Waste Velocity at
MIT Location

or

Sending Moment in MIT
t

strain Amplitude (1/2
of Strain Rangs) in MIT
Outer Tube at Sottom
Lip of Riser for
Vibration Modes 1 and 2

or

show that Vortex
Shedding fs not
Present.

Velocity Profile / No Mixer Pumps Installed in
Enveloped by Figure this Tanks

3.6.3-1 and Viscosity

< 500 cp

g 17,686 in/in

2 189 & in/in Mode 1 / No Mixer Puwps Installed’ in

2 139 g in/in Mode 2
vibration Mode 2
Applicable only if
Flow Velocity at MIY
Location Excescs Mode
2 "Lock-1r® Velocity
of 1.9 ft/s

Verify Through In-Situ, |
Tests

this Tank
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WHC-SD-WM-DA-209, Rev. 0
CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR

A SPECIFIC INSTALLATION
Tank Number 241-AN-105 Installation Drawing _H-2-85612-1 Rev. 0
Riser Number RIS-131 (15A) MIT Reference Number _7

Criteria Item ‘ d Actual Valus/Status Reference/Compent

Sefsmic Responas Enveloped or ' 0.12 g Response MIT is Safety Clags 3

Spectra for Structure Equivalent to the Spectra per {Kidder 1993). For Safety

Inertial Load Response Spectra in ShC-4.1, Rev. 12, Clagss 3 comporents the
SDC-4.1, Rev. 12, for 5% Damping - 0.12 g responss spectra from
a 0.2 g Earthquake at i SDC 4.1, Rev. 12, Vs used,
35X Critical Damping which s envelopad by the

Saismic Resporse Erweloped or / 0.12 g Response MIT is Safety Class 3

tra for Waste Ecuivaient to the : Spectra per (Kidder 1993)., For Safety

Sloshing Load Responsa Spectra in SDC-4.1, Rev. 12, Ciass 3 comporents the -
$0C-4.1, Rev. 12, for - | 0.5% pamping - 0.12 9 response spectra from
a 0.2 g Earthquake at SOC 4.1, Rev, 12, is used,
0.5XCritical Damping which is enveloped by the
(scaled from spectral 0.2 g responce spectra.

valu:s for 2% critfcal

Mydrogen Burn Pesk < 70 bf/in? N Wi < 70 bfsin® See Note 5
| Pressuce (Sause)
Tensile Load Capacity t 1,760 Lbf / > 1,760 \bf By Inspection

of Bolting that ) ’ ’ H-2-85612-1, Rev. 0
Conmmects NIT to Riser

Waste Depth and Record Minimum / 1.28 S.G. Required Brager 1994

viscosity Specific Gravity @ 412.25 in. Waste Impact Limiter not Required
= Minioum Required Depth, Actual
Value from Effective

or : ‘ Figure 4.2-1 for $.G. is 1.53

Actual Waste Dapth

Use Impect Limiter for lmpact Limiter Capable | | | | =====-
MIT Irstallation of Absorbing Drop
Energy

Based on the above checklist results, the indicated MIT installation is

structurally qualified.

Cognizant Engineer P lﬂggte / f/’/ 25
> RN Y ~

Cognizant Manager ¢/? ;’ﬁ_.z % &cors/  Date _/ 4"—/{/ A

Independent Review . 727732 Eﬁ'}‘l Date 1>~ 198
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WHC-SD-WM-DA-209, Rev. 0
CHECK LIST FOR STRUCTURAL QUALIFICATION OF MIT FOR

A SPECIPIC INSTALLATION
Tank Number 24]1-AN-105 Installation Drawing _H-2-856]12-1 Rev. 0
Riser Number RIS-13]1 (15A) MIT Reference Number _7
NOTES:
1. This MIT is essentially identical to the MITs installed fn tank SY1071 (MITs 1 & 2, H-2-
85141, Rev. 4). Thersfore, their weights and weight distributions are alsc identical.
2. Waste surface tempersturss (Reynolds 1994) were used for the gas temperaturss. Actual gas
temparatures will be slightly less then the waste surface temperature.
3. Viscosity is sssumed to be Less than 17,500 cP becsuse no data is available. This value is
higher than any known viscosity in any Manford waste tank.
4. Waste rollover velocity for the AN tanks is expected to be less then 2.0 ft/s, the volocitw}
used to qualify the SY101 NITs, because the waste rollovers in the AN tanks are less
smergetic than those in tenk SY101 {Reynolds 1994).
5. Pesk hydrogen burn pressure for the AN tanks is expected to be less than 70 I.bf/inz, the
hydrogen burn pressure used to qualify the SY101 MITs, because the waste rollovers in the
. AN tanks are less energetic than those in tanks SY101 (Reynolds 1994).
REFERENCES:

'

Brager, H. R, 1994, "Summry [nformstion on Flammable Gas Watch List Tanks, WHC-EP-077," January 1994,
Wastinghouse Henford Company, Richiand, Washington.

Reynolds, D. A., 1994, Evaloation of 241 AN Tank Farm Flammable Gas Behavior, WHC-EP-0717,
Joaruary 1994, Westinghouse Hanford Company, Richland, Washington.

Kidder, R. J

. 1993, "Double-Shell Tank Interim Safety Equipment List," WHC-SD-WM-SEL-026, Rev. 1,

Hntinahouu Henford Company, Richland, Washington.
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DESIGN CALCULATION

Drawing Report WHC-SD-WM-DA-208 Page 1 of 7

The following dimensional evaluation is for the MITs installed in the subject AN tanks. This evaluation
is based on the MIT positioning dimension of 11.08 in. shown on the installation drawings.

This evaluation is divided into three parts. Part | is for the nomial tank dome height, Part li is for the
maximum tank dome height, and Part il is for the minimum tank dome height. The dimensional

input data applied in this analysis is taken from Figure 4 in Appendix B and from Figure 1 in this
Appendix.

PART | NOMINAL TANK DOME HEIGHT
The positioning dimension for the MIT is the distance from the MIT datum to the riser flange.

D mit_fig =11.06 in

The distance formn the center of grawity for the MIT head assembly to the riser flange is
th il '=19.75+D mit ﬂg

Dpg gg=3081 in

D
%-2.568 f

The unsupported length of the riser above the scil surface is
Lﬂg_soil =1466+6.0

Lfig soil =2066 in

L .
~fig soil _ 1722 #

The elevation at the bottom Hp of the riser is determined as follows.
The inskie surface of the tank concrete dome is an silipse with the following dimensions.

:=§2;°-( 12)  Half the major diameter
a=480 in

b ;1_3_92_-9,( 12)  Half the minor diameter

b=180 in
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DESIGN CALCULATION

Drawing Report WHC-SD-WM-DA-200 Page 2 of 7

The distance from the tank centerline to the farthest outside edge of the riser is

x:=280-(12) + (;-)-4.5

x=338.25 in

where the dimension 4.5 in. is the outside diameter of the riser (4 in. schedule 40 pipe).

The distance "y* from the major diamedsr of the tank dome eliipse to the intersection
between the inside surface of the tank concrete dome and the farthest outside edge of the
riser is determined as follows.

2
y=b [1 - (5) ] Equation for an eliipse
a

y=127713 in
The slevation at the bottom lip of the riser is then determined as follows.

By = $1233U1D) 40375+ 80+ (310.12)+95) y- 0375 - 20
p- 12

ELlip =655.26 f

The overail length of the riser, inciuding the riser extension for the MIT installation, is

L piger =[(667.0-12) + 3.0) - ELp5-(12)] + 1466 '

L fjger ™ 158487 in

L .

N n13207 f
12

The distance from the tank floor to the bottom lip of the riser is
D floor_lip =((31.0-(12) + 9.5) + ¥) - 2:(0.375) - 2.0
Dﬁom' ﬁp"506.463 111

D fl P
——="=42205 #
12

C-17




DESIGN CALCULATION

Qrawing Report WHC-ED-WM-DA209 Page 3 of 7

Buliding 241-§Y-101 evision _Q Job No. N/A

The distance that the MIT extends below the bottom lip of the riser is
Lmit_ext ={675.015)-D mit_fig~ Lﬁsm.
L it ext =505.468 in

L .
m;‘;‘“‘ =42.122 R

The clearancs betwsen the bottom of the MIT and the tank flaor s
D cir 2D flor_lip * L riser+ P mit_fig- 675015
D , =0.995 in

Thg distance from the top edge of thermocouple port #22 to the bottom lip of the riser is |
D 1122 _tip ‘= 248495 - (L riser+ D mit_ﬂg)

D ye22 lip =78.948 in
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DESIGN CALCULATION
Drawing ' Report WHC-SD-WM-DA:209 Page 4 of 7

Bullding 241-8Y-101 Revieion _1 Job No. NIA

PART Il MAXIMUM TANK DOME HEIGHT

The elevation at the bottom iip of the riser is determined as follows.
The inside surface of the tank concete dome is an ellipse with the following dimensions.

8 :=§%-q-( 12) + 2.0  Half the major diameter

a=482 in

b :=?-(12) +1.5 Half the minor diameter
b=181.5 in

The distance from the tank centerfine to the farthest outside edge of the riser is

x:=28.0-(12) + (%)-4.5

x=33825 in

where the dimension 4.5 In. is the cuiside diameter of the riser (4 in. schedlue 40 pipe).

The distance “y" from the major diameder of the tank dome eilipse to the intersection
belwoenunhtddewﬂmofmunkoonaohdomoandmmﬂ!utouudeodgaofme
riser is detarmined as follows.

y:=b [1_ (3.5)2] Equation for an ellipse

y=129.302 in
The elevaiion at the bottom lip of the riser is then determined as follows.

. 612.33-(12) + 0375+ 8.0+ (31.0:(12) + 9.5+ 1.5) + y- 0.375- 2.0
12

ELjip
EL“p =55552 #

The overall length of the riser, including the riser extension for the MIT instaliation, is

L riser '=[(667.0(12) + 3.0} - EL )y (12)] + 14.66

L e = 155398 in

L.

P29 #
12
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DESIGN CALCULATION

The distance from the tank floor to the bottom lip of the riser is

D foor lip =((31.0(12) + 9.5+ 1.5) +y) - 2:(0.375) - 20

D .
_ floor, lip =42463 #f
12

The distance that the MIT extencis below the bottom lip of the riser is
L mit_ext =(675.015) - D it g~ L riser
L mit_ext = 508.557 in

L .
mit et _4238 #
12

The clearance between the bottom of the MIT and the tank floor is
D ir =D goor tip* Lriser+ D mit_fig~ 675015
D g, =0.995 in

The distance from the top edge of thermocouple port #22 to the bottom lip of the riser is
D e23 jip 1= 248495 - (L piger + D i g1g)

D o2 tip =82037 in




DESIGN CALCULATION

Drawing - Report WHC-SDWM-DA-209 Page 6 of 7

Buliding 241-8Y-101 Revision _0Q Job No. N/A

PART Il MINMUM TANK DOME HEIGHT
The elevation at the bottom lip of the riser is determined as follows.
The inside surface of the tank concete doma is an ellipse with the following dimensions.
.. 80.0
,-T( 12} - 2.0  Half the major diameter

a=478 in

b ::322'-9-(12) - 1.5 Haif the minor diameter

b=1785 in

Thodlitancufromhounkconterlinemmefammouudeodgoofﬁ\e riseris

x:=28.0(12) + (%)-4.5

x=33825 in

whaere the dimension 4.5 in. is the outside diameter of the riser (4 in. schediue 40 pipe).

The distance "y" from the major diameter of the tank dome eliipse to the intersection
between the inside surface of the tank concrete dome and the farthest outside edge of the
riser is determined as foliows.

y:=b [1 - (5)1 Equation for an ellipse
a

y=126.124 in
The elevetion at the bottom lip of the riser is then determined as follows.

ELlip .2 (612.33-12) +0.375+ 8.0+ (31-(12) + 9.5) +y- 0.375- 2.0
12

ELlip =655.13 #

The overail length of the riser, including the riser extension for the MIT installation, is
L riser [ (667-(12) + 3.0) - EL;5-(12)] + 14.66
L riser =160.076 in

L .
T .1334 #
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DESIGN CALCULATION
Drawing Report WHC-SD-WI-DA:200 Page 7 of 7

Building 241-8Y-101 Revision _Q Job No. N/A
Subjod LANSNOTIEL CYSIUSNON O MW RAREUONS | AfKS ~ . i A

The distance from the tank floor to the battom lip of the riser is

D floor_tip ={(31:(12) + 9.5) + y) - 2:(0.375) - 20
D fioor lip 504874 in

D fl .
— =T =2073 #
12

The distance that the MIT extends below the bottom lip of the riser is
Lmit m-"—'—(675.015)— Dmlt ﬂg- Lrisu'
L mit ext ®503.879 in

L mit_ext
12

=4199 #f

The clearance between the bottom of the MIT and the tank floor is
D air =D floar tip* L riser+ D mit_fig— 675.015
D g =0.995 in

The distance from the top edge of thermocouple port #22 to the bottom lip of the riser is
D gy tip 1=248.495 - (Lﬁ”'i- Dmit_ﬂg) ’

D mzz_hp =77.359 in
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WHC-SD-WM-DA-209, Rev. O

FIGURE 1. MIT INSTALLATION CONFIGURATION IN TANKS 241AN103, 104, AND 105
_ '
s \
//, i‘ \\\ AN-103 = H-2-85610-1 REV 0
AN-104 = H-2-B5611-1 REV D
, 1 { AN-105 = H-2-85612-1 REV 0
- 11.08°
L | + AN-103 = H-2-85610-2 REV 0
H-2-72004 REV 1\ f /| 1488 7 AN-104 = H-2-85611-2 REV 0
N : AN-105 = H-2-85612-2 REV 0
. 7’
-~ ==
i Ls" ASSUMED

SEE DETAIL ¥IC H-2-72004 REV 1

INSIDE SURFACE OF CONCRETE DOME
IS AN ELIPSE, 80 FT £2' MAJOR DIA.
30 FT £1 1/2" MINOR DIA.
H-2-71975 REV 2

28'-0"
RISER 15A
H-2-71976 REY 6

3/8“

H-2-71975
REV 2 .
(,LTANK

Z' ASSUMED, CONSISTANT
WITH SY-101 TANK

H-2-37776 REV 4 :

31°-9 1/2" /7
H-2-71975
REV 2

H=2-71975
/ REV 2
1

‘..‘ . e -
— R -. PR R T .":A';}.".l-':"-' @ TOP OFf
_ r‘ ' ;‘-ﬁf-f' ey S 7 \-.“_n.___; E?%%T'ON
~— H-2-71975
REV 2
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