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PREPAREDBY: B.E. BIELICKI DATE: 05/15/03 REVIEWED BY: A. HAGENSEN DATE: 05/15/03 

1.0 Background and Purpose 

SUBJECT: TANK 241-C-106 WASTE RETRIEVAL SYSTEM HYDRODYNAMIC FORCE ANALYSIS WW74t%Jkc tU-o*-’3 

Y 

Initially the pump assembly, which will provide recirculation flow to the eductor, will consist of two Flygt 
submersible pumps in series. These pumps will be run to failure, at which point a newly designed pump 
assembly employing Stancor pumps will be used. The flow rate and inlet pressure produced at the eductor 
(ref ARES calculation 0193101.07-M-004) is higher when utilizing the Stancor pumps (ref ARES 
calculation 0193101.07-M-005). Therefore values bounding the maximum pressure and flow rate 
determined in calculation 0193101.07-M-005 will be used in this analysis 

The purpose of this calculation is to analyze the hydrodynamic forces associated with the in-tank piping 
feeding the tank fluid agitation eductor (sparger), as well as eductor induced forces. These forces will be 
used as input to the structural analysis of the support structure used for the acid dissolution assembly, and 
the acid dissolution assembly itself. 

2.0 Criteria and Design Inputs 

a. The eductor draws in 3 gallons of fluid for every gallon of motive fluid (see reference ‘g’). 
b. The tank waste fluid specific gravity is 1.1 (see reference ‘h’). 
c. The eductor has a )/4” orifice nozzle, a 1 %” inlet, and a 2” outlet OD (see reference ‘g’). 
d. Using the maximum values determined in reference ‘e’, the eductor inlet conditions are bounded at 12C 

gpm and 50 psig. 
e. The bounding values in ‘d’ above, are based on the theoretical fluid flow discharge from nozzles per 

reference ‘f. 

3.0 Methodology 

Hand calculations will be utilized for this analysis, utilizing Mathcad TM to facilitate the process. 

4.0 Assumptions 

Assumptions are as stated in the body of the calculations. 

5.0 References 

a. Drawing H-2-818549 rev. 1. 
b. Drawing H-2-818551 rev. 1. 
c. Project W320 Tank 241-C-106 Sluicing, Functional Design Criteria (WHC-SD-W320-FDC-001 Rev 2 
d. ARES calculation 0193101.07-M-004 (Flygt pump assembly). 
e. ARES calculation 0193101.07-M-005 (Stancor pump assembly). 
f. Hydraulic Institute Engineering Data Book, 2nd edition, 1990 (see appendix). 
g. Vortex Ventures radial eductor vendor information (see appendix). 
h. ARES Meeting Minutes, C-106 Acid Dissolution Options Evaluation, 3/6/03 (see appendix). 
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RPP-16251 CALCULATION 
REV. 0 SHEET 

'ROJECT No.: 0193 101.07 CALC NO.: 0193 101.07-M-006 REVISION No.: 2 

0 Results and Conclusion 

The total hydrodynamic force acting on the waste retrieval eductor support assembly is 327 pounds. This 
force is in the opposite direction that the waste stream exits the eductor, and acts on the eductor support 
assembly which will be mounted at riser R7 in tank 241-C-106. This force will be used as an input for 
structural calculations performed as part of this project. 

0 Calculations 

See the subsequent pages of this calculation. 
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Fluid dvnamic aenerated forces 
\u 

Forces due to fluid dynamics will be calculated to determine the lateral loads induced on the vertical 
eductor support assembly. Head losses due to fluid flow will not be accounted for, which will 
generate conservatively larger reaction forces (because of the higher associated outlet pressures). 

Eductor fluid dvnamic aenerated forces 

Flow enters from the side through the induction ports, laterally: these forces essentially 
balance each other and cancel (Fy=O, Fz=O, etc.). Therefore, only the forces in the 
x direction (due to the motive fluid) will be considered (see coordinate system 
superimposed upon the eductor vendor sketch in appendix). The forces associated with 
the 1 1/2" entrance of the eductor and the 2" outlet will be evaluated. The mass flow rate 
increases from the inlet of the eductor to the outlet due to the motive fluid drawing in the 
tank waste radially through the induction ports. Overall eductor reaction forces can be 
determined by considering the inlet and outlet flow conditions, which account for the 
motive fluid energy reduction as it draws the tank waste into the eductor. The eductor is 
designed to draw in approximately 3 gallons of fluid for every gallon of motive fluid. 

Note that subscripts with 1 are associated with the inlet of the eductor, and subscripts 
with '2' are associated with the outlet of the eductor. See appendix sketch for eductor 
dimensions. 

SG := 1.1 

lb 
pH20 := 62.4 - 

ft3 

lb 
p := SG.pH20 p = 68.64 - 

ft3 

d l  := 1.5in d2 := 2in 

2 AI = 1.77 in 

2 A2 = 3.14 in 
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I" 

gal Q1 := 120 - 
min 

Q1 V1 .A1 

ft 
sec 

V1 = 21.79 - 

Q2 := 4.41 

gal Q2 = 480 - 
min 

4 2  = V2 .A2 

lbf 
P1 := 50 - 

2 in 

Q1 v 1  := - 
A1 

lbf P2 := 0 -  
2 in 

4 2  
A2 

v 2  := - 

These values bound the results of the fluid 
calculations (reference ARES calculations 
0193101.07-M-004 using the Flygt pumps and 
0193101.07-M-005 using the Stancor pumps) 

Based on 3 gallons fluid drawn in per every gallon 
of motive per eductor design (see appendix) 

ft 
sec 

V2 = 49.02 - 

lb .ft gc := 32.2 
2 lbf 'set 

define 'x' as positive to the right 

Momentum relationships (ref any fluid dynamics book): 

dv d 
dt dt 

CF = m.a = m.- = -(m.v) = mdot .v = p .Q ., :) 

ZF = 0 = p .Q .(v) = mdot 'v  = mdot2 .(V2) - mdotl .(V1 ) 
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(p .Q2 .V2 - p .Q1 .Vl> 

gc 
FX - P2 .A2 + P1 .A1 = 

But the pressure of the eductor at the outlet is zero (and there is negligible hydrostatic head due to the 
small depth of submergence) 

(p .Q2 .V2 - p .Q1 .V1) 
FX + P1 .A1 = 

-(Pl .AI .gc - p .Q2 .V2 + p .Q1 .VI) FX := 

Fx = 10.98 lbf Fx acts to the left on pumped fluid, or force exerted by pumped fluid on eductor to 
the right 

Reducer fluid dvnamic clenerated forces 

The fluid dynamic forces associated with the two reducers cancel each because they reduce in 
opposite directions, and are both in the same 12' long, 2" schedule 80 pipe feeding the eductor. 

Elbow fluid dvnamic aenerated forces 

The fluid dynamic induced forces from the elbow as it routes flow from the vertical leg to the 
horizontal toward the eductor will be evaluated. Only forces in the horizontal direction will 
be evaluated since stresses induced in the 2"x6" support structural will be negligible in this 
direction. The notation using '2' will indicate the outlet of the elbow. For conservatism, the 
pressure at the outlet of the elbow will be taken as that at the inlet of the eductor. 

d2 := 1.5in 

2 
2 A2 = 1.77 in A2 := n .( T) 

gal 4 2  = 120- 
min 

42 := Q1 

4 2  = Q1 stated to use previous value noted as Q1, renamed 
lbf to 4 2  here, and likewise with P2 = P1 

P2 := P1 P2 = 50- 
2 in 

6 
ARES CALCULATION SIIEiT (10100) 



rc' RF'P-16251 CALCULATION 
REV. 0 SHEET 

'ROJECT NO.: 0193 101.07 CALC No.: 01 93 101.07-M-006 REVISIONNO.: 2 SHEETNO: 7 of 9 , 
;UBJECT: TANK 241-C-106 WASTE RETRIEVAL SYSTEM HYDRODYNAMIC FORCE Jii=wr#ka.* M-4g-i3 

'REPAREDBY: B.E. BIELICKI DATE: 05/15/03 ' REVIEWED BY: A. HACENSEN DATE 05/15/03 

AA!t ZAQ 
C O R  P O  R A T I O N  

Q2 Q2 V2.A2 V2 := - 
A2 

ft 
sec 

V2 = 21.79 - 

(P2 .A2 .gc + p .Q2 .V2) 
Rx := 

Rx acts to the right on pumped fluid, or force exerted by pumped fluid on elbow Rx = 100.77 lbf 
to the left 

Therefore the net force acting left on the vertical eductor support assembly is: 

Fnet := Rx - Fx 

Fnet = 89.8 lbf 

Existina sluicer fluid dynamic qenerated forces 

The sluicer jet stream may impact the lower portion of the eductor support assembly. Assume the jet 
stream from sluicer remains a solid 1" diameter (this is very conservative considering the 65ft distance). 

Qsluicer := 350 - 
min 

ref 'c' gal 

d2 := lin sluicer nozzle outlet diameter ref 'b' 

2 
A2 := n .( F) 
Qsluicer = V2.A2 

2 A2 = 0.79 in 

Qsluicer 
A2 

v 2  := 
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ft 
sec elevation (ref 'a') 

v 2  = 142.97 - however V2 increases due to acceleration acting over the 14.5' drop in 

h := 14.5ft 

1 - 
ft 

V2max = 146.2 - 
sec V2max := ( z  V2 + 2.g.h l 2  

Momentum relationships from before: 

dv , d 
dt dt 

CF = m.a = m.- -(m.v) = md0t.v = p .Q.(v) 

p .Qsluicer.V2max 

gc 
Fsluicer := 

Fsluicer = 243.03 Ibf 

The sluicer is approximately 65' from R7 

L := 65ft 

D := 14.5 fi Where D = drop in elevation from outlet to point stream makes impact 

D 
L 

tan(0) = - 

0 := atan( p) 8 = 12.58 deg 

8 
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RPP-16251 CALCULATIOD 

FsluicePerp := Fsluicer .cos (e)  

FsluicePerp = 237.2 lbf 

Therefore the total laterally induced force due to hydrodynamic loading is: 

Ftotdyn := Fnet + FsluicePerp 

Ftotdyn = 326.99 lbf 

I 
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INDLJCTOR PORT The Radial Eductor is designed from the Bernoulli 

Principle of, when pressure is high, velocity IS low and 
inversely when velocity is high, pressure is low 
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MEETING MINUTES 

FILE: 
03RL03 18 

PHONE NO. 

DATE: March 6,2003 TIME: 12:30 

MEETING T-CON 

SUBJECT: C-106 Acid Dissolution Options Evaluation 

LOCATION: 2704HViG108A 
PARTICIPANTS Name Company Phone 

No. 
Jeff Huisingh ARES Corporation 946-3300 
Chris Burke CH2M Hill 372-3305 
Keith Carpenter CH2M Hill 372-2452 
Mike Flasch CH2M Hill 373-4473 
Ken Anderson CH2M Hill 373-9193 
David Parkman CH2M Hill 373-3462 
Bill Grams CH2M Hill 373-7308 
John Propson CH2M Hill 372-0455 
Blaine Barton CH2M Hill 376-51 18 
Jim Bellomy CH2M Hill 372- 1673 
Mike White ARES Corporation 946-3300 
Monika Feldman ARES Corporation 946-3300 
John Payne Babcock Service 372-1 107 
Eric Shen ARES Corporation 946-3300 

COPIES: 019301.07 Job File (RL & BG) 
Eric Shen 
Jeff Huisingh 
Mike White 
Monica Feldmann 

G%2ae2; p-724- 

The purpose of this meeting was to establish the requirements for the C-106 Acid 
Dissolution Waste Retrieval Project, identify existing conditions, address open questions, 
list assumptions, and discuss options for implementing the acid dissolution process. The 
following are a summary of the discussions and actions identified during the meeting. 

Requirements 

I5 Page 1 of I 
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The following are the significant requirements identified for this projec‘t. The detailed 
requirements applicable to this project can be found in RPP-11567, Level 2 Specification 
for a Waste Retrieval System for Single Shell Tank 241-C-106. 

Requirements: 

Background 

Reduce waste volume to the minimum of (1) 360 cubic feet or (2) the limits of the 
technology(ies) employed 
Observe flammable gas limits 
Do not damage tank 
Do not damage existing equipment or provide for replacement in design 
Observe dome/riser load limits 
Do not create fugitive emissions (e.g., via tank over pressurization) 
Retrieval equipment must be capable of being recovered in the event of its failure 
Leak detection may require modifications to ensure that the methods for monitoring material 
balance and leak detection in the new design are adequate. (Do not need to provide other 
methods of LDMM.) 
Equipment external to the tank should be portable and re-deployable. 
In-tank equipment is to be left in place at the end of the job. 
To facilitate maintainability, the maximum component diameter is 52”. Equipment can be 
disassembled to meet this requirement. 
Above ground equipment shall be reusable on other tanks (e&, hoses, wiring, and cables shall be 
above ground, yellow-jacketed rather than buried). 
No decon capability is required 
500 mredydperson design exposure limit (ARES’ action to confirm this value in the Level 2 

Provide a means of agitation or recirculation to create fluid movement. (Lab work suggests this 
capability is needed. Lab used a mixer speed of approximately 1 rpm.) 
Minimize waste generation (AY-102 has 275 kgal space available) 

Spec) 

Incorporate provisions into the design that minimize drain back into the retriever tank. 
Minimize use of A & C pits if possible. (They are the hottest radiologically.) 
All pit-installed equipment shall be installed remotely. 
The design needs to include ability to flush transfer lines 
Personnel safety considerations should follow the requirements spelled out in the authorization 
basis documents for caustic addition. 

Blaine Barton provided the following background on the acid dissolution process and performance 
characteristics. This information includes the most recent results from the 222s laboratory acid 
dissolution analysis: 

The acids under consideration for the acid dissolution process are 1 molar oxalic acid or 2 
molar nitric acid mixed with 1 molar oxalic acid. 

e The acid/waste solution will have the following properties: 
- 
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. Viscosity- 1-2 cp, max below 5 cp . pH- e1 to 2.8 
0 The pH needs to be maintained below 4 during waste transfers 
0 The acid dissolution process is as follows: . . Remove all existing supernatant from the tank 

Using the sluicing equipment, knock down the piles located in the tank to reduce 
the quantity of acid needed to cover the waste. The goal is to uniformly distribute 
the waste in the tank. 
Removal all free liquids in the tank and introduce acid into the tank. In the case of 
oxalic acid, a vigorous reaction is expected which releases CO,. The soak time for 
this initial introduction is 1 day, after which, it will be pumped to the receiver tank 
and neutralized. 
Follow on acid additions will continue in 15,000 gallon acid dumps into the tank (a 
truck load is 5,000 gallons). The estimated acid to waste ratio is 20 to 1. 
Subsequent to the initial acid soak, all follow on acid additions will be allowed to 
soak for 1 week before pump out. 

Agitation of the acid pool is required to facilitate the acid-waste reaction. The goal is to be 
able to slowly agitate the entire acid pool. Agitation is not required during transfer periods. 
Based upon initial lab results, it will be important for the pump and transfer system to 
pickup and transport suspended solid material. It is not expected that acid dissolution will 
dissolve all the solid waste. 
All neutralization shall be performed at the receiver tank and the provisions for 
neutralization shall be covered by CHG. 
Following the last acid soak and pump out, the tank shall be rinsed with a %molar caustic 
solution. 

9 

. 

General Discussion 

Aerosol generation during the acid dissolution process was raised as a concern. The focus 
of this concern resided in two areas; impacts to the ventilation system and impacts to the 
tank dome and flashing. 

= CHG is evaluating the issues of HEPA filter loading . Acid is not expected to attack the filter media 
For process monitoring, a pH meter is required and a method to monitor tank level, 
ENRAF. The ENRAF cannot tolerate contact with the acid. 
No temperature control is required, beyond what is already in place, during retrieval and 
transfer. 
There are areas in the tank that should not be exposed to the acid; tank dome and the lead 
flashing. 
CHG can insert plug gauges to determine usable diameters in the C-106 risers, if the work 
is performed in the next two weeks (ARES to provide request by next Monday). 
The operation window is 10 weeks. 
The minimum transfer velocity is 6 ft/sec. However, if the need to transfer solids is not 
mandatoly, the transfer velocity may be reduced. (In a subsequent meeting, additional 
clarification was provided. The need to transfer solids is a goal and not a requirement. The 
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requirement is to specify equipment that can be made available or pr c r d In 8 weeks.) 
ARES to assume that the waste piles have been knocked down as an initial condition in the 
tank. CHG will use the sluicing system to knock down the waste piles. 
The sluicing pump is failed. CHG plans to use a portable pump to supply water to the 
sluicer. 
Cameras suitable for in tank use will be provided by CHG. However, ARES needs to show 
where the cameras are to be placed in the design. 
CHG would like to use the existing equipment to failure and have new equipment built to 
the new design available for immediate installation. The other option is to replace existing 
equipment with the equipment designed for acid dissolution before the start of the acid 
addition. 
The existing 304L flex jumpers need to be evaluated for compatibility for use with oxalic 
acid. 
Electrical capacity will not be an issue for C-106 acid dissolution. The retrieval of the C- 
200 series tanks is expected to follow C-106 retrieval. In the event of an overlap, C-106will 
be given priority. 

Receiver Tank Options- 

A critical consideration in the selection of a receiver tank is the volume of available space 
needed to support acid dissolution based waste retrieval. The following is the estimated 
volume required: 

e 

e 

e 
e 
e 

e 
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200 kgal- acid dissolution process 
10 kgal- caustic tank wash 
10 kgal- waste solids to be removed 
20 kgal- residual supernatant in the tank 
15 kgal- transfer line flushes 
15 kgal- initial sluicing for waste leveling (this volume is probably too low) 
270 kgal Total 

The receiver tank options are listed below along with the pros and cons associated with the use 
of each tank. This assessment is meant to assist the CHG/ARES team in understanding the 
scope and requirements associated with the selection of a receiver tank. (In a subsequent 
CHG meeting, AN-106 was selected as the receiver tank in place of AY-102.) 

AY-102- (Baseline approach defined in the RFP) 

PROs: 
e The transfer lines exist 

Expected to be the lowest cost approach 
e Projected to be the shortest schedule 
e Requires the least number of pit entries 

CONs: 
e Heat loading can become an issue with addition and neutralization of acid waste 
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ORP approval may be a 
WTP waste feed 
Space available is limited and rough calculations show that available capacity is 
marginal for waste volumes projected without contingency. The available tank 
space in AY-102 is 275 kgal. 
The 4” transfer line will present transfer challenges; higher transfer flow rates,. 
greater volumes required for line flushes, back drain mitigation/prevention, etc. 

AY -101- 
PROs: 

Space available is more than adequate 
No ORP approval required 
Less impact on ventilation system during line blowout (more tank volume buffers 
blowout air) 

D: 
2 pit entries more than AY-102 will be required 
Preparation of AY-101 is dependent upon two other projects being able to complete 
on schedule 
4” transfer line 
Higher cost projected for this approach 
Longer schedule anticipated 

AN-106- 
PROs: 

Existing 2” transfer line will require small flow rates 
The transfer route is shorter 
Equipment has multiple end users 
Tank space is adequate 
No ORP approval is required 

AN-106- (Cont) 

Longer schedule anticipated 
Higher cost projected 
Requires restart of C-103 
Interfaces with W-314 project 
Drain back into C-103 needs to be addressed 

CONs: 
More field work required (additional HIHTL) 

Agitation Ootions 

The following options were identified for the agitation of the acid in C-106. The primary objective 
of the agitation is to ensure a stagnant layer is not formed at the acidwaste boundary interface and 
hence reduce the dissolution rate. The agitation required is characterized as being a slow agitation 
over the entire tank. 
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- Schedule for delivery of equipment and approval for use within project schedule . 
Ability to move solids (maybe) 
Fits within the available risers 
Does not add to the waste volumes 
Ability to agitate the waste 

8 weeks for equipment delivery 
- 
- 
- 
- 

Agitation Concepts- 

1. Internal distribution nozzles that spray or direct streams of recirculated acid into or onto 
the acid pool 

2. In-tank mixing system, such as mixer paddles or mixer pumps 
3. Sluicing nozzle is used to direct recirculated acid to various locations in the tank 
4. Airjets are used to inject air into the acid pool to stimulate acid circulation 
5. Water lanceljets are used to inject water into the acid pool 
6. Sonic vibrator similar to a concrete vibrator use to agitate acid pool 

Note: Concept 5 was discarded because of the significant impacts of adding water which 
dilutes the acid and adds to the waste inventory. Concept 6 was also discarded, because it was 
felt that the agitation would be limited and not stimulate break up of the stagnant boundary 
layer. 
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Action Items- 

1 .  Provide ARES a copy of C-106 waste characteristics and profile report- John Propson 

2. Contact Dan Reynolds to obtain references concerning the experience from the Russians, SRL; 
West Valley, and potentially INEL with acid dissolution ofdefense wastes in underground tanks. 

3. ARES to perform a pros/cons evaluation to determine whether the strategy ofusing the existing 
equipment to failure or immediately installing the acid dissolution equipment, is the favored 
approach. 

4. CHG will provide cut sheet and specification information on the preferred pH meter- Jim 
Bellomy. 

5. ARES to evaluate the existing components that will be exposed to acid and determine whether 
materiak compatibility issues require resolution. 

6 .  CHG to provide ARES with photos andor videos of the pits of interest to the acid dissolution 
project (C-106 and receiver tank)- Jim Bellomy. 

7. ARES to evaluate agitation options as part of the conceptual design. 

8. 500 mredydperson design exposure limit (ARES’ action to confirm this value in the Level 2 
Spec) 

9. ARES to specify riser plug gauging requirements by 3/10. 
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Subject: 

Originator: B.E. Bielicki Date: 05/15/03 

Checker: A. Hagensen Date: 05/15/03 

Acid Dissolution Hvdrodvnamic Force Analysis 

Design Review Checklist for Simple Designs/ 
Simple Design Changes (Routine Engineering Change Notices) 

DocumentdEngineering Change Notices Reviewed: 

Calculation 0193101.07-M-006 Rev 1 

Affected Document@) (Optional) 

Were the design inputs correctly selected? 

Area assumptions necessary to perform the design activity adequately 
described and reasonable? 

Where necessary, are the assumptions identified for subsequent 
reverifications when the detailed design activities area completed? 

Was an appropriate design method used? 

Were the design inputs correctly incorporated into the design? 

Is the design out put reasonable compared to design inputs? 

Are the necessary design input and verification requirements for 
interfacing organizations specified in the design documents or in 
supporting procedures or instructions? 

Checklist Completed By: Date: $.b? 
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Subcontractor Calculation Review 
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Subject: C- \a6  Am3 h s s o ~ o ~ b t J  UPS 

The subject document has been reviewed by the undersigned. 
The checker reviewed and verified the following items as applicable. 

DesignInput 
Basic Assumptions 
ApproachlDesign Methodology 

ConclusiodResults Interpretation 
Consistency with item or document supported by the calculation 

Checker (printed name, signature, and date) G.L,+’< D e #  P ce/u. / tc  S/aA 3 
Organizational Manager (printed name, signature and date 
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