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I. A 

This enginee~ng report supplements the Accelerated Tank Closure Demonst~ation Basis of 
Design Report completed in September 2002 for closing tanks 241-C-106, -201, -202, -203, and 
-204 ~ ~ P P " ~ 2 3 3 1 ) .  Following completion of RPP-12331 anumber of issues were identified that 
warranted furlher evaluation and development. These issues include: 

on in time behvccn Phase 1 (residual waste stab~lization) and Phase 2 (bulk tank 

e Evaluation ofoptions to use existi 
closure activities waste stabilization 

F ~ ~ ~ ~ r  eva~uatioi~ of void spaces internal to and s u ~ o ~ d ~ n g  e 
need/req~iremcnts for filling with stabilizing material 

Further integration with the waste retrieval project as ad~itional detail was developed 

~~mpera ture  concerns associated with radionuclide decay heat remaining in the tank 
following interim closure. 

ite ventilation e q u ~ p ~ e n t  to support ~ n t e ~ ~  tank 

e 

m 

The separation in time between Phase 1 and Phase 2 grouting activities results in the need to 
evaluate interim actions that would need to be co 
between interim aid final tank closure. The separ 
delivery, production, 
volumes o ~ ~ a t e ~ a l  
to filling the tanks. 

Based on the approach e tank 241-G-106 closure demon~tration desc~bed in Dvuj? 

fined as s ta~~l~zat ion of the p o s t - r ~ t ~ e v ~  
erisures taken to prevent water from 

i n ~ ~ n g  into the tank. Using this d~finition fox interim closure, this focuses on Phase I 
valuation of the issu 
ste and i~olatiiig the 

y. Phase 1 activities involve stab~liz~ng 
Eom e n ~ e ~ n g  the tank. 

s the following document structure: 

- In~o~uet ion.  

0 ~~~~~~n 2.0 - l d e n t i ~ c a ~ i o ~  of interim requi~ements for n ~ o ~ t o n n g  the stabilized waste 
following co~pIetion of waste stabilization and before comp~etion o f  final tank closure. 

~ ~ ~ t ~ ~ n  3.0 - Evaluation and r e c o ~ e n d a t ~ o n  of an approach to vering, produc~ng, 
and placing waste stabiliza~on gout  in the tanks. 

14590-0211 1 February 11,2003 
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e Sect~on 4.0 - Evaluation of~eut i~at io1~ system requirements and options during waste 
stabilization activities. 

Section 5.0 - Evaluation of potential void spaces that will likely occur during bulk tank 
filling (Phase 2) and the basis for requirements to fill void spaces. 

Section 6.0 -Identification of integration points with pl 
identify interfaces and reduce overall project costs. 

Section 7.0 - Potential tempera~ure effects associated with stabilization of clze residual 
waste. 

~ppendix  A -- Cost and schedule data for completing interim cl 
appendix prescnts an update to the cost and schedule presented 
execution o f  the Phase 1 interim closure activities. 

e 

I etrieval activities to 

e 

e 

- I~ent i~cat ion and evaluation of options for delivering, producin~, an 
placing waste stahilization grout. 

A ~ p e ~ d i x  C - Galculations performed to support the evaluation of issues. 

- Sketches developed for the tank closure concept. 

I 

P-12331 assumed that Phase 2 {bu filling) of the closure demonstrations would take 
place i ~ e d i a t e l y  following Phase 1 stahilization)" A decision to implement Phase 2 i s  
dependent on National E n v i ~ o n ~ e n t ~ ~  PoIrcy Act of1969 evafuaf~ons (Tank Closure ETS) and 
ongoing r e ~ l a t o ~  negotiations. The tank 241-G-106 interim closure plan identifies Phase 1 
activities as interim closure activities a 
tank. The tank 241-C-106 interim clos 
and defers final closure to &are deck' 
Act of1969 and r e ~ l a t ~ r y  strategy it i 
he~ween the Phase 1 and Phase 2 of  the closure demo 

with p o s t - r e t ~ e v ~  residuals 

e lapse between Phase 1 and Phase 
to Phase 2 is at least one year, isolation measure 
he impleniented as a part of Phase I pending completion of Phase 2 activities. Following 
completion of waste stabilization activities, the ventilation system used to support Phase 1 
operations will he removed and breather filters installed. Additjon~ly, the tanks will be interim 
isolated in accordance with the requirements of ~ N ~ - ~ - 0 8 4 2 ,  Volume 4, Section 4.2. Interim 
isolation measures include: 

e Sealing risers t e ~ i n a t i n g  above grade o 
pressure of 12 inches o f  water 

Weather sealing at tank pits to withstand a mi~imum pressure of 12 inches of water 

3 feet below grade to wihstand a 

* 

14590-0211 2 February 1 I, 2003 
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Sealing pipelines entering the tank with closure devices ~ d e s i ~ i e d  to prevent 
ui~autho~zed removal and capable of withstand a pressure of 12 inches of water). 

m requirements between Phase 2 and final tank 
1233 I .  Since the tanks will be isolated and the 

e were previously ~dent~fied in 
ste will be stabilized the t&s 
oi~itorin~ requ~remen~s. will not be actively storing waste and are not subje 

Periodic m o n i t o ~ n ~  oftbe tank dome elevations would be main~ained pend~ng con~pletion oE 
Phase 2. Therefore, following completion of the Phase 1 activities, the tanks can be reclassified 
as interim closed and removed finin the list o f  active tanks. 

LIV 

Concepts for delivery, production, and placement of grout to stabilize the residual waste and 
provide bulk t d c  fill to stabilize the tank void space within the closure demons~at~oii tanks are 
documented in RPP-12331. That evaluation assume 
Phase 1. That evaluation also did not 
heel and cliniinate free standing liqui 
i i ico~ora~es new a s s ~ p t i o n s  that 
and immobil~zation of the liquid 
on the unce~ainty in the physical 
foilowing rehieval and lessons learned Prom Savannah River Site Tank closures. There is some 
~ c e ~ a i n t ~  in how effective the dry material will be in absorb in^ all the liquid, however, the 

hase 2 would occur dire 
n of dry solids to stabil 

erial is to minimi e wet g o u t  to pus 
rnes that a two 

dual waste heel stabilizatioi~ and bulk tank fill) with a 
b e ~ e e n  the i~plementation of each phase. 

The decision criteria used to evaluate the op~ioiis e 
jnclnded: 

ined in ~ ~ p e n d i x  E of 

e Safety 
ce with the technical re ents in the Level 2 Spe~~ficat~on 

* ~ e p l ~ ~ e n t  schedule risk 
e cost, 

It i s  assumed that mac 
techiiical requirement evaluation, compliance i s  

sulation were considered. 

waste su f~~ ien t ly  to meet the 

ncapsulation, in situ 

Macroencapsulation has been deeined acc 
ability to stabiliz 
~~c roencapsu~a t  

e for residual waste stabilizatio~; therefore, the 
rand, as such, 

ined in Append~x E of 

14590-021 I 3 February 11,2003 
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this document. In the RPP-12331, Appendix E evaluation, each option was assigned a 
programmatic risk based on its ability to obtain regulatory approval. It was subsequently 
dctennined that the p r o g r ~ a t i c  risk involved with obtaining regulatory approval for 
macroencapsulation, microencapsula~ion, in s i tu  chemical treatment, or a combination o f  
chemical treatment and encapsulation ofthe residual waste was identical 

e a nondis~rini~nating factor between the different option 
s such, this risk was 
d was removed from 

ria. The new decision criteria used to evaluate the options cun~a i~ed  in 
Appendix B include: 

(L Safety 
0 Operability 
e Technical risk 
* ~ c p l o ~ e n t  schedule risk 
* Cost. 

For Phase 1, four componcnts to delivery and placement of grout into the tanks for residua1 
waste stabilizati~n we nsidercd in  identify^^^^ and developing options: (1) dry grout 
placement in the tank, roduction and delivery of wet grout mixture to the site, (3) delivery of 
wet grout mixture to the tank, and (4) wet grout placemen~stabilization in the tank. It i s  

at the e v a ~ u a ~ i ~ n  and selection of a method of grout production, delivery, and 
placement for Phase 2 described in RPP-12131 remains unchanged. 

The options identified for d ~ m a t e ~ a l  placement in the tank included the following: 

* Pncu~atic  delivery into the taak ~brongh a single, centra1 riser - 
i n ~ o d u c t i ~ ~  o f  the dry cement through a slick-line to a single riser Lo 
tlie la&. 

per  very into the laak t h r o u ~ ~  a single, ~ e n t r ~  riser - lnvol 
hopper over the tanks central riser and gravity dumping the dry c 

mixture into the tank. The dry material would be transported to the hopper via a super 
sack@ (i.c., commercially available bulk material handling bag) and a crane. 

ions - ~ v o l v e s  
pneumatic in~roduction o f  the dry cement through a slick-line to multiple locations on the 
tank to attcmpt to more evenly distribute the dry cement over the bottom of the tank. 

opper delivery into tbe tank ~ ~ r o ~ g b  ~ u I t j p ~ ~  riser lo the 
placemcnt of a hopper over multiple locations and gravity dump the dry cement or dry 
grout mixture to a t t e ~ p ~  to more evenly distri 
tank. The dry material would be transported 

aterial over the bottom of  the 
via a super sack@ and a crane. 

very of wet grout 
include the following: 

for placement into the tank. 

14590-021 1 4 February 11,2003 
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c o n ~ ~ ~ c t i o n  o f a  centrally located facil d to support future tank closures. This 

for Future use. Onsite trucks would be used to transpo~ the grout mixture from the batch 
plant to the tank fam. 

ch plant ~ocated at the tank farm - Invotves setting up a portable batch 
plant next to or near the 241-C tank farm. The batch plant would be used to mix and 
produce grout in a hatch mode for placement in the tanks. 

 ort table ~ontinuous batcb/mix plant at the tank farm - Involves se 
plant designed to produce a co 

0 

e of grout for placement in the tanks. 

The options id 
included the foll 

for the delivery of wet grout mixture to the tank for waste stahilization 

e Truck deli~ery to the tank riser - Involves bringing the concrete mixer trucks into the 
241-C tank f m  and delivering the grout mixture to the tank riser@). 

ine d e l i v e ~  by p u m ~ ~ n g  grout from oiitside the tank rough a slick-line - 
Involves placement of  a grout pump outside the tank €ann fence line and pumping grout 
to the tank through a pipe or hose located on the ground. 

ine d e l i v e ~  by ~umping grout using a truck-~ou d b ~ o ~  p n m ~  - Involves 
106, the distance from the 

de the fenceline so that the 

using a pump truck with a long reach boom. F 
tank farm fenceline to the tank is such that the 
within the gate. The grout feed hopper would 
concrete mixer trucks would not be requi 
For the 241 -C farm 2OO-se~es tanks, nei 
enter the radiologically controkd area. 

ck wou~d need to be located 

to enter the ~adiologically c o n ~ o l ~ e d  area. 
truck nor the mixer truck would 

Eleven options were considered for placement of grout in the tanks to stabilize the residual waste 
following dry mate 

nozzle, centrally 1 
con~idered ii~cluded~ 

se options were previously evaluate 
RPP-12331. T h e  ed incIudin~ a centrally located 

ntrally located c ~ t ~ l e v e r e d  tremie. ~p t ions  

* ~ r a v i ~  fill with a tremie ( ose) from one loc~tion in a singIe lift -" involves 
ent o f  a p r e d e t e ~ ~ n e d  amount of gro 

Iocation to stabilize the residual heel in a sin 
between the tank bottom and the emplaced grout. 

* ~ r a v i ~  fill with a tremie from one loca~ion in two lifts - hivolves place men^ of grout 
into the tank through a single, centra1 location to stabilize the residual heel in two lifls 
with the intention o f  s a n d w i c ~ i ~ ~  any residual wast splaced by the first lift with the 
second lift to macroencapsulate the waste that was not captured within the dry material. 

through a single, central 
ncapsulating the waste 
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waste that was not captured within the dry material. 

~ r a v i ~  fill with a trem~e fro 
placement of grout into the tank through multiple locations in an attempt to move the 
residual waste that was not captured within the dry material toward the center of the tank 
and macroencapsulate the waste. 

~ e ~ ~ r a l l y  l~cated rota~iug nozzle - Involves placement of the gout  through a 
which would have the capability to be aimed horizontal toward§ the tank wall and rotated 
through 360". The grout would be sprayed towards the tank wall and allowed to flow 
over the residual waste and dry material mixture and ma~r~encapsu~ate the waste, 

~en t r a l Iy  located distrib~t~on lines, gravity fill - Similar to the rotating nozzle with the 
exception that the grout will be iiitroduced via gravity and the di~tribuf~on lines will not 
need to be manually man~pulated. 

CentraIly located cantilevered t r e ~ ~ e ,  g r a v i ~  fill - Similar to dis~but ion lines with 
the exception that the cantilevered tremle would require manipulat~on to direct the grout 
at various locations within the tank. 

S~ngle point injeetiou using low pressnr~ ~approxima~e~y 350 lb/inz) - Involves 
injecting gout into the tank through a rotating nozzle with the intent of using the grout 
stream to mobilize and mix the residual waste and microencapsulate the residual waste 
that i s  not captured within the dry material. 

~ulti-point ~ u j e c t i o ~  using high r e s s ~ r e  ( a p p r ~ x ~ ~ a t e l y  6,OOO i b / ~ n z ~  - Involves 
using the patented ~u l t~ -Po in t  Inj 
~ ~ - p r e s s ~ e  injection to aggress~ve~y mobilize, mix, and miero~ncapsulate the residual 

cat~ons, two or more lifts - Involves 

s 

0 

L 

ionTM system with multiple nozzles and 

Involves p lac~men~ of grout into the 
d e p l o ~ e n t  of m 
grout in an attempt to mix the 
grout material before the grout sets. 

~n-tank mixer pump - Involves utilizing a rec~rculating mixer pump (similar in concept 
to the double-shell tank mixer pumps) to mix the residual waste not captured within the 

botics or mech~ ica l  mixers) to stir the 
captured within the dry material and wet 

d wet grout material before the grout sets. 

Based on the alte~ative evaluatioi~ 
p l a c e m ~ t  system selected for wast 
for Phase 1 and Phase 2 comprises the following: 

ng describcd in Appendix B, the grout delivery and 
ization o f  tank 241-C-106 and presented in this report 
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- Pneumatic delivery from a single/central location. It is r eco~ ized  that this method 
ai liowever placement from a 
rial near the tank center where any 

outer edges of the tank would provide for placement of lesser 
bottom. 

base 1 ~ a s t e  Stabilizat~on (wet grout): 

- Grout delivery to the site utilizing concrete niixer trucks 

- Delivery of the grout to the tanks by pumping the grout throu~h a siick-line to the 
tank 

- Gravity placement in the tanks through a single location using a single lift. 

Pba~e 2 Bulk Tank Fill: 

- A continuous h a t c h i n ~ ~ ~ i x i n g  plant located just outside the tank fmn 

- ~ e l i ~ e ~  ofthe grout to the taiks by ? ~ p ~ n  the grout through a sIick-line to the 

The planned waste retrieval c o n c ~ t  for d e p i o ~ e i i t  in the 241-C farm 200-se~es tanks uses the 
articulated mast portion of the mobile retrieval system being developed for ~ e ~ e v i ~ g  the waste 
froin tank 241-C-104. This system utiiizes a vacuum system to remove waste from the tank and 
has a 3-inch v a c u ~  tube that extends over the full length of the mast from the pit down to near 
the bottom ofthe tank. follow in^ co~pletion of waste retrieval current plans call for 
ab~dou ing  the ~ e u l a t e d  mast systems in-place. 
would be used to support Phase 
mast systems are designed to su 
support the weight o f  the stabil' 
could be included in 
following retrieval. 
selected for tank 241-C-106. If design changes or alternative waste retrieval methods are 
selected for the 2 4 1 4  farm 200-series tanks, access to the tank would require removal of 
equip~ent or installation of a new riser as described in Section 8.0. 

he ~ i c u i a t e d  mast 

Active ventilation will be requ 

February 11,2003 14590-0211 7 
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states that a 500 A3/min portable exhauster would replace the existing 296-P-16 portable 
exhauster and connect to the existing ductwork. 

The purpose of  this evaluation is to determine the ventilation r~quirements, evaluate exi 
on-site portable exhauster units, and identify a viable option for actively ven~ilating tank 
241-C-106 during both Phase and Phase 2 closure ope~at~ous. The requiremen~s for the tank 
241-C-106 active ventilation system are i d e n ~ i ~ e d  in the tank 241-C-106 ventilation assessment 
calculation (Appendix C). Based on the results o f  the calculation, the ventilation system must be 
capable of the following during wet grout placement: 

e ~ a ~ n t a i n i n g  a minimum airflow of 80 @/inin to keep the tank headspace at a negative 
pressure to allow open riser ~aintenance and keep the tank headspace &ee froin aerosols 
and particulates. Doing so will greatly improve conditions that affec? the in-tank 
camera's field o f  vision. 

Have a deinister capable of removing aerosols at the rate of 92 Ibmihr. 

For the purposes o f  this evalua~ion, it will be assumed that the exhauster utilized to 
ventilate the tanks during retrieval will also be utilized to actively ventilate the tanks during 
Phase 1 closure activities. It is assumed that the exhauster installed on tank 241-C-106 will 
remain in place and will not require relocation and startup. Due to the u ~ c e ~ a ~ n ~ i e ~  with the 
241-C farm 200-series tanks waste retrieval schedule, an allowance is included for reinstallation 
of the portable exhauster to each of  the 241-C farm 200-series tanks. Since the portable 
exhausters would be used during waste retrieval no ven~iiation duct or inlet filter modi~cations 
would be required. 

The onsite exhausters identified for potential use and contained in this eva~uation are: 

296-C-006 
I. 296-P-16 
a 

e Portable exhaus~ers POR-007, POR-008 
Portable e~haus te~s  POR-004, P~R-005, POR-006 

* Ch~acte~za t ion  project operations exhausters (2 total). 

A compilation of the ventilation requirements, evaluation o f  existing o 
and r e e o ~ e ~ d a t ~ o n  for actively ventilating the tanks during closure operations is discussed in 
the following sections. 

4.1 ENT 

The follo~ing requir~ments were ex~apolated directly f?om Tank Closure FzN System for 
Interin? Closure of Five Setected 241-C Farm Tanis S p e c z ~ ~ a t i o ~  (RPP-11094). 

closure fill system {TCFS) shall 
ironment. Control includes 
values to set limits, and 

.3.6.3. It IS antmpated that a Notice of 
ais from the Washington State 
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D e p a ~ e n t  of Ecology and D ~ a ~ e n ~  of Health The Notice of ~ o n s ~ c t i o n  approval order 
will indicate the required monrtonng. 

a. Air Treatment Require~en~s.  Air treatment shall include, at a minimum, at least two 
stages of HEPA filtration. Air ullets to the actively ventilated t all also have HEPA 
filtration, and shall prowde a means of  passive brcathmg when ven~ila~ion 1s shut 
down. If the tank is passively ventilated, a HEPA breather filter with heated air intake as 
required shall be prowded. Addihonal effluent treatment (e.g., chacoal filtration) may be 
required to meet regulatory requirements for other gaseous effluents, to be d e t e ~ i n e d  as part 
of desiLm. Effluent systems shal the des ards specified in 
Section 3.3.1.3, and filters shall fficienc hng requirements set forth 
in Section 13.2 2 ofO~D-T"151-00013, 

b. Tank ~xbaus te r  Stack Continuons Air  oni it or ~nter l~ck.  Tire ventilation system 
discharge shall include a compliant record sampler and con t i~uou~  air 
interlock, or other feature to support shutdown of  the ventilation syste 
HEPA filter failure, in accordance w t h  OSD-~-I51-0~013, Section 13.2.2, and 
H ~ - S D - W ~ - T S I ~ - ~ 0 6 ,  Limiting Condihon for Operation JLCO) 3.1.4. 

stack 
the event ofa  

c. F le Gas Cantrot R ~ ~ ~ i r ~  air exchange shall be provided 
S space, by passive or acti 
gases, m accordance wth W - S D  
16 stili applicable followng waste retncval. 

Iahon, to prevent the accumulation of ~ a n ~ a b l e  
SR-006, LCOs 3.2.2 and 3.2.3 if this ~equiremen~ 

* 3.2.1.2.2 ~ o ~ t r o l  Tank S~ucture T e m p e r a t u r e - ~ e  TCFS shall control the tank structure 
temperatnres to prevent structural damage to the tanks. The tank t e m p e r a ~ e  c 
design and operation o f  the venhlahon system, selecbon and control of  the was 
fill matenal f o ~ u l a h o n s ~  and process controls. 

esiga T e m p e r a ~ r ~  Limits -Tank ~41"C- lO~  
0 

0 

~ a x i m u m  of 250 "F dome temperature 
Maximum o f  10 "F for through-wa~l temperature gradient. 

b. ~ e s i ~ u  Te~perature L 
* Maximum of  ITBD- 
* Maximum of [TBD-RPP-I1314] or space temperature 

d bottom temperature 
ough-wall temperature gradient. 

ontrol Tank Vapor S 

tank. Control may include monito 
limits, and maintaining vapor space pressure 

a. its -Tank ~41-C-106 

e - The TCFS shall control the vapor space 
c design limits to prevent structural e tank wrthin the follown 

anng monitored values to set 
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b, Design Vapor Space Pressure ~ i m i t s  - 2 4 1 4  Farm ZOO-Series Tanks 
e 

i. 

Minimum Pressure: [ ~ B D - ~ P - 1 1 3 1 5 ~  in. wg 
~ a x i ~ u m  Pressure: [TBD-RPP-I 13151 in. wg. 

e 3.2.4.1 Na~nral Environments 

a. Nat~ral Environments. The TFCS shall be desifined for the natural e n v i r o ~ e n ~ a l  - 
conditions specified in TFC-ENG-STD-06. 

b. Natural Phenomena Hazards. The TFCS shall be designed to withstand the natural 
phenomena hazards conditions specified in TFC-~NG-S~D-O6. 

o 3.2.5 Trans~ortability - Contractor-f~ished equipment shall be designed to be transportable 
and be compatible with the Hanford Site Hoisting and Rigging Manual ( D ~ E - ~ - 9 2 - 3 6 )  

3.2.6 ~ l e x i b i l i ~  and Expansion - The TFCS design shall consider featwes that allow for 
operational flexi between tank closures. 

3.3-1.3 Air and Gas Treatment System Design -The TFCS ventilation subsystems and 
connechng d u e ~ o r k  shall be designed in accordance with the p e r f o ~ n ~ e  and design 
requ~rements o f  ANS~ASME N13.1, A N S ~ A S M ~  N509, A ~ S ~ A S M E  N5 10, and ~ S ~ A S M ~  

I 

e 

AG-1 . 

ngs, and Labels -New equipment and/or modifications to 
a standardi~d format in accordance th the tank f m  

labeling program as specified m ~ - ~ - 0 8 4 2 ,  Volume 2, Section 6.1, Rev. 1; 
WAC 173-303-395(6~~ and WAC 173-303-~0(5)(d). 

e 33.5 ~ q ~ i p ~ ~ ~ ~  ~tandardization - 
i n c o ~ o ~ t e  (as prachcal) standardizati 
performance hstory from use in similar env~ronments. 

TFCS design and equipment selection shalt 
f like-~nction  component^ and consider documented 

0 3 ~ . 6 . 3  E ~ ~ ~ r o n m ~ n t a ~  Safety- The 
e ~ ~ r o i l m ~ t  in accordance with the re 

c. Non-~ad~oaetive ~ r b o r n e  E m i s s ~ ~ n ~ .  The system shall 
non-radioactive airborne emissions r equ i r~en t s  co i i~ t i~ed  in ““General Regula~on for 
Pnllution Sources’> (WAC 173-400) and “Controls for New Sources of Toxic Air Pollutants” 
(WAC 173460) 

11 be desrgned to protect the public and 
s o f  this section. 

ed to comply with the 

adioact~ve Airborne Emissions. The system shall 
airborne emissions requirements contained 1n “Radiat 

comply with radioactive 
ons Program” 

(WAC246-247) 

dia~ion ~rotection of  the Publi ent. The system shall incorporate design 
airborne emissions from all Riser features that limit the combined radi 

Protection Project facilities in compliance with “NRC Standards for P 
Radiation” ( I  0 CFR 20) and WAC 246-247. Radiodctise airborne e 
Hanford Site major facilities shall he considered when designing the systein to be in 
compliance with W-IP-0842, Volume 6, Section 1.7. 
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LCO 3.1.4, “~ent i~at ion Stack Conbnuous Arr Monitor (CAM) Interlock Systems”, Achve 
ventilation in tank 241 - G I  06 would require contiiiuous air monitors as long 
open (It may be applicable at all times depending on the safety basis contro 
tank deanout activities have been completed.) 

LCO 3 2 2, “SST Ventilation Systems - Active”: Active ventilation in tank 241-C-106 is 
ed e~uipment important to safety as long as the cascade lme IS open. (1 
le at all times depending on the safety basis controls in place after the t 

0 

activities have been conipleted.) 

.I 

The 296-C-006 ven ng tank 241-C-105 waste retrieval 
‘des a minimuni on gb flow for tank cooling and a 

afthe dome space during sluicing. 

ilution during the sluicing operations, 

During ope~ation, the 296-C-0~6 ve~it~lation 
large riser m~ntenanee activities in t 
currently located in the C farm and h 
service. C b ~ c o a l  filters were des 
have been removed from the 296- 
equipment. 

For this system to be a viable 
o f  events must occur: (1) the 

ate flow to allow for 

ble E x ~ a ~ s t e r ~  

Portable exhaus~ers POR-004 
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preven~ative inaintenance programs, routine component calibrations, HEPA filter aerosol tests, 
and system interlock functional tests. These exhaust systems are not equipped with a demister. 

currently portable exhauster POR-004 i s  scheduled to support retrieval oftank 241-S-112 and 
PO~-005  and 006 are installed at the 244-AR vault. 

For portable exhauster POR-004, POR-005, or POR~006 to be a viable option for suppo~ing the 
closure operations, in-line demisters would have to be designed and fabricated to be installed 
upstream of the exhauster units. Coordi~ia~ion with key personnel for ongoing projects where 
these exhausters are required would also be needed. 

o ~ a b l e  ~xhausters 

ical systems that were fabricated to support 
exhausters are 1,000 ft3/min. These 
prefilter, and two EEPA fiIters in 
tilized, they were stored and maintai~ed 

S D - W M - ~ T - ~ ~ ~ .  The exhausters are also subject to 
s, routine compo~ent calibrat~ons, WEPA filter aerosol tests, 

I tests. Each ofthe exhaus~ers is equipped witb its own demister. 

Liant for r a ~ o a c ~ i v e  air emissions, portable exhauster POR-007 would require 
a GEMS. Portable exhauster P 8 is c ~ e n t l y  having a GEMS installed. 

241-SV tank f m .  After the upgrade§ 
sported to the 241-C tank farm and 

and system interlock fu 

007 is currently install 
R-008 are complete, it 

c o ~ c c t e d  to tank 241-C-106 for the waste retrjeval operations. 

The only ~eq~ijrement for either of these portable exhauster units to be a viable option for closure 
operations would be the installation o f  a GEMS on portable exhauster POR-007. 

The c h a r ~ t e ~ z a ~ i o n  project c ~ e n t l y  e 
exception that one requires the installation o f  a continuous air monitor interlock. Each exhauster 
has a nominal flow capacity o f  200 ft3/min which are c o n ~ o ~ ~ e d  by internal electronics and set 

d to a c c o ~ o d a t e  up to around 1,000 ft3/min. To date, the 
e exhausters for in core s 
t equipped with a demis 
th ~ x h a u s ~ e r ~  are recalled for 

pre~entative ma~ntenance every 6 months. 

a1 and be utilized as-is. For Phase 1 
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utilized for infenm closure of the 241-G fm ZOO-series tanks depending on other project needs 
for exhausters. Utilization ofportab~e exh ~ ~ - O 5 8  would minimize the schedule impacts 
of upgading and moving another existing ort'ible exhauster or ~ r o c u r i n ~  a new exhauster 
for this activity. A s to continue operation between the retrieval 
and closure operati costs could be mitigated. 

Ventilation system issues that will need to be addressed during detail design include the removal 
of particulates during dry material placement and a c c o ~ o d a t i o n  o f  the air stre 
material delivery system. These issues have been considered in ~eeommend~ng 
P ~ ~ - O O 8  during the placement of dry grout m 
assessment calculation ~Appeiidix C), the pre- 
pa~iculates drawn t ~ o u g h  the ventilation system. Additi 
1,000 c€in should accommodate the airflow associated with piieu~atic delivery o f  the dry grout 
material to the t 

rial in the tank. As discussed in the venti~ation 
y all of tlie cement 

s system operating at 

me kame that could occur between Phase 1 and Phase 2 closure 
tilation system for Phase 1 will 
sess the best alternative for 

ventilating the tanks during Phase 2 closure operations at that time. 

Final tank closure will be p e ~ o ~ e d  on a tank farm basis. Closure of a tank farm will be done 
after all the tanks within a tank fann have been stabili 
c ~ o s ~ r ~  requjre~ents. Final closure include 

the stabiliza~ion of 
r reach in^ the sta~iIized 

in the closed SST system 

e that the l o n g ~ ~ e ~  
potential void spaces 

* Within the tank fill material 
e Between the tank and the fill material 
e Within the risers not in pits 

Within tlie annular 
e ~ ~ i h i i ~  the in-tank 
e Within the in-tank equipment extending only into tlie bulk tank fill. 

ent and the riser 
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The fill material for both Phase 1 and Phase 2 interim closure operations i s  speci~ed to be a 
flowable, self-leveling, n o n - s ~ ~ i n g ,  and self-compacti 
stabili~ation grout (Phase 1) will be placed in 
encapsu~ating the waste between the bottom and the emplaced grout. Bulk tank fill 
and hard cap fill (Phase 2) will be placed in a number of lifts as required to satisfy tank structural 
and thermal limitations. Successive Lifts may be placed once the grout in the prior l i f t  has set. 
Given the specified fill mate~al  properties and the fill process, voids within the tank fill are 
expected to be minimal and require no firrther consideration. 

walls and roof. The void 

tlic tank walls will be p 
the roof of the tank can be limited by specif~ng the final lift as a smail volume lift. Given that 
the Level 2 Specification (RPP-I 1094) specifies the use of a non-s 
p l a c ~ e n t  o f  a hard cap grout at the top of the tank, void space due t 
expected to be insi~ificant. 

Void spaces due to inconiplete tank fill can result from either trapped air spaces or an uneven 
surface of the emplaced grout. Tank 241-C-106 has a domed tank roof with 
through an existing central or new, near-central riser. The surface of the gro 
conical with the apex 
~ i i i ~ m i ~ e d  with the u 
spaces along the domed surface of tank 241-C-106. The exist 

y approximately 3 inches, creating a potentia 
01 would be inserted in the riser that would 
ofthe grout in the riser would force the 

can be limited by eithe 

ntroduction. The slope of the grout surface will be 
ed self-leveling gout, and is not expected to result in void 

er extends into the 

complete filling of the tank. 

The 2 4 1 4  f m  200-s 
extending into the tanks' headspace will be 
241-C-106. Due to the conicall 
200-series tanks, there i s  
in incomplete tank fill. T 
during detail design when the self-leveling properties of the grout fill can be ~uant i f i~d .  

nd spaces between eq 
tank risers. 
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Tank 241-C-106 has five risers that are not within apit: 

1: 4-inch diameter with a7 installed retractable p l ~ e t  
inch diameter with attached ventilation duc~work 
inch d i ~ e t e r  used for in-tank imaging system 

8: 4-inch diameter with an in 
14: 4-inch d i ~ e t e r  with ani temperatuKe probe. 

Risers R-1, R-7, and R-2 have void volwnes of 1.3, 1 1.3, and 10.5) ft", re~pective~y. Both risers 
R-1 and R-2 have mounted equipment that would need to be removed for the pl 
closure surface harrier. It is assumed that the in-tadc imaging system would be 
on other tank operatioils. ABer removal of the mounte 
open risers to the top of the riser. Filling riser R-1 wit1 be justified given that this 
riser does not present a water pathway to the stabilized residual waste and the small void volume 
of riser R-1 presents a limited potential subsidence affect on the surface closure barrier. 

~tabilized residual waste. The 
bottom of the tank. There are 

tank dome wou 

ch have four risers that are 

which is empty 

7: 12-inch d i a ~ e ~ e r  used for in-tank imaging system 

8: 4-inch diameter with either a breather filter or a retractable plumnet 

Risers R-5 and R-8 have a void volume of 1.2 
risers R-5 and R-8 have mounted eqnipment that would need to 
the closure surface barrier. It i s  assumed th e in-tank imagin 

Riser R-7 has a void of 10.6 fi3. Both 
the placem~nt of 
be removed for 
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use on other tank operations. After removal o f  the mounted e q u i p ~ ~ e ~ t ,  grout can be p 
the open risers to the top o f  the riser. Filling risers R-5 and R-8 with grout may not be 
given that these risers do not present a water pathway to the stabilized residual waste and the 
small void volumes present a limited potential subsidence affect on the surface closure barrier. 

The temperature probes within riser R-6 presents potential direct er pathways to the stabilized 
residual waste. The temperatur~ probe is  a 2 ~ i n c h - ~ ~ e t e r  pipe extending to near the bottom of 
the tank. There are two options for e~iminat~ng this potential direct pathway ihat will be dec~ded 
during detail design; remove the temperature probe before bulk tank fill or pour grout into the 
tempera~~re probe. Pouring grout into the tempe~ature probe would eliminate the direct water 

the stabilized residual waste and would result in an sumular void space of 

y pouring in grout to the top ofthe riser. 
e void space in either the annular space or the empty riser can be 

. .  

I S E ~ ~  IN PIT 

.I T a ~ k  2 4 1 - ~ - 1 ~ 6  S l~ ice  

There are two risers within the tank 241-C-106 sluice pit: 

8 

L 

extend to the stahi 

pit i s  approximately I 
the bottom of the 
void volume o f 2  

ith a c o ~ e s p o n ~ n g  

retrieval project which will leave a slurry pump in place. It i s  assumed that the void space 
between the slurry pump and the riser will be similar in design to that in riser It-9 and Will not 
present a water p to the stabilized residual waste. Riser R-13 i s  a 5-foot long, 12-inch 
diameter riser wi d vnlunie of 4.0 ft3 he tank dome i s  15 inches thick arid the floor of 
the heel pit is approxi~ately 18 inches thick. This leaves ap~roximate~y 2.25 feet of the riser 
between the bottom of the p 

small void volume, the ~otentia? s~bsidence 
fy grout filling. 

the tank dome that i s  exposed to the soil with a 
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Due to the construction details of the riser, there i s  a small void space that does not c o ~ u n i c a t e  
with either the tank or the pit (see CE-SK-02-1 I1 in Appendix F of RPP-12331). This srnali 
void volume would have a negligible impact to tlie surface closure barrier and would not need to 
be stabilized. 

I-C-106 PUKI 

There are three risers in the tank 241-C-306 pump pit: 

* 

8 

5:  4-inch d i ~ i e t e r  with an instalkd shield plug 

6: 12-inch diameter with a sluicer assembly assumed i o  be installed and 
abandoned by the closure retrieval project 

9: 36-inch diameter with an installed slurry punip. 

The shield plug in riser R-5 will be removed and 
is filled with grout. Riser R-6 will have the same remaini 
coiitains a sluicer assembly. 

Riser R-9 has a void volume of approximately 43.4 B' and is approximateiy 6.1 
The riser extension into the tank headspace is 12 inches, the tank dome is 15 inc 
the floor of the sluice pit i s  approximately 18 inches thick. This leaves approxi 
the riser between the bottom of the it Boor and the tank dome that is cxposed to the soil with a 
co~esponding void volume of I 7  ft . The potential subsidence affect on the surface closure 
barrier may require grout filling. Although requir~ments for filling these void spaces have not 
been specified, it is reasonable to assume that methods could be developed f t r  ~njec~ing grout 

riser when the pit 
r R-3 wliich also 

!? 

into these spaces. 

sers R-9 and R-10 are 
4.3-feet in length with a void v o ~ ~ t ~ e  of 3.4 ft3. Riser R-9 in tank 241 -6-203 i s  empty. The 
other tanks have an eductor installed in riser R-9. Tank 241-(2-204 has a pump ins t~ led  in 
r iser R-10. Riser R-10 i s  empty for the other tanks. These risers are not exp~sed to the soil and 
will be fully eii~apsnlated with grout when the jet purnp pit and associaied piping is filled with 

t. 

V ~ I D  

Tank 243-GI06 has a 4 2 - i n c ~ - d i ~ e t e r  manhole that is partially shadowed by the sluice pit. 
Given that tlie tank dome is 15-inches thick and the inset of the manhole cover is 3 inches, the 
void volume i s  9.6 ft3. The potential subsidence affect on the surface closure bamer should be 
f u ~ h e r  eva~uated during detail design. 

The 2 4 1 4  farm 20O-seees tanks eac 
1 0-inch-tl~ick tank cover slab 
volume is 8.0 fi3. TIE potent er should be further 
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evaluated during detail design. Although requ~renients for filling these void spaces have not 
been specified, it is reasonable to assume that methods could be developed for iiijecting grout 
into these spaces. 

L I  

The cwent  approach for waste retrieval &om tank 241-C-106 involves d e p l o ~ e n t  
modified sluicing system (Figure 1). Based on p r e ~ i m i n ~  engineering in fo~a t ion  
tank 241-(2-106 retrieval project the modified sluicing system will be similar to the waste 

g system that was previously installed in tank 241-C-106 as a part of Project W- 
ed enhanced sluicing system will use two sluicing nozzles instead ofthe one 

nozzle used previously. The current plan also includes upgrading an existing onsite portable 
exhauster and instaiIing it for use in providing active ventilation during waste retrieval activities. 
T h i s  portable exhauster could also be used during waste stahil~zation activities. FoIlowing 
completion o f  the waste retri ieval project plans to abandon all i n - t d  
eqnip~ent  in place. ~ d o n i n g  waste retrieval e q ~ p m e ~ t  are 
discussed in Section 5.0. 

F ~ g ~ r e  1. ~ a n k  241-C-1~ 

X N M  
2Llkcac’6 

ss-r S L U D G E  RETRIEVAL SYSTEM 

The existing heel pump in riser R-13 will be removed and a new slurry pump will be installed. 
Retrieval efforts will remove equipment and install a sluicer in riser R-6 and a sluny pump in 
riser R-13. The cer in riser R-3 will be reused. Riser R-15 will remain as the air 

ntinue to be used for camera access. Riser R-4 will serve as a 
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second or alternate location for lank volume measu~einent. Riser R-2 will be used for ventilatioii 
and riser R-I will be used for tank level measurements. 

The retrieval system will require installation of equipment in all three of the tank 241-C-106 pits. 
These pits will be decontam~n~ted and a spray on lin 
replaced with new modified pit covers made of plate 
covers for the over-ground transfer lines. 

Current plans for retrieving waste from the four 24142 farm 200-series tanks involve d e p l o ~ e n t  
of a vacuum technology that uses an ~ i c u l a t e d  mast system. The ~ i ~ u l a t e  
of the components of  the mobile retrieval syste will be used to retriev 
tank 242-C-104. Current plans require the use 
t a ~ ~ s :  one for the ~ i c u l a t e d  mast system (likely Ris 
camera. Retrieval plans also include the use o f  a 500 ft’hnin portable exhauster to provide for 
ventilation ofthe 2O~-series tanks during waste retrieval operations. 

Specific areas o f  inte~at ion that could serve to facilitate interim closure and reduce overall 
project costs include: 

lied. The pit cover blocks will he 
Holes will be provided in the pit 

ion, and I for a 

0 ~tegratioii of space and access witbin the tank farm. It i s  anticipated that waste 
stabilization activities will closely follow waste retrieval activities. Access req~rernents 
for the delivery and placement o f  grout in the tanks will require access to the t 
~nstallation of a new riser, and routing of the grout slickline before ~ ~ t i a ~ i n g  grout 
placement  operation^. Integrati of access and space req~rements will require 
conti~?ued integrat~on and d e ~ ~ t ~ o n  as the retrieval and closure designs progress. 

Integ~ation ofwaste retrieval and closure tank prep~ation. This knction shouid 
consider the combined in-tank equipment remo~al needs for both waste retrieval and 
closure. Impacts to the centrzal waste complex should also be addressed. 

0 

use of the venti~ation system i waste retrieval. portable 
nstalled on tank 241-6-106 fm 200-series d be 

utilized to support interim closure of tank 241-GI06 and the four 2414 f m  200- 
tanks. This would avoid having to procure a new exhauster or 
support interim tank closure. There i s  a need to have an integr 
ensure ~ntegratjon and utilization of exhausters between tanks 
closure. 

ify an existing one lo 

0 Reuse o f c ~ e r a s  installed in the tank . RPP-12331 includes 
costs for prncu~ng and instaIIiii~ can1 
~tabilization. The cameras installed 
p~aceme~t  of grout, 

monitor waste 
to monitor the 

* Based on iixther developm 
o p p o l ~ ~ t ~  to 
plates that will retrieval efforts. 
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Steady state thermal analyses were perfomred to provide a scoping level indication of the 
potential thermal conditions. It is recognized that the heat of hydratiou i s  time dependent 
howcvcr, a transient analyses wou~d be necess~y  to evaluate these time dependent effects. 
Transient analyses were beyond the scope of this engineering report. 

A thermal analysis was conducted to investigate the effects of decay heat from the residual waste 
and heat of hydration from Phase 1 and Phase 2 grouting. A steady state themal model was 
developed to evaluate tempera~re profiles fotlowing placement of the waste stabilization grout. 
Additional calculations were p e ~ o m e d  to investigate limitations on lift height as a result ofthe 
heat of hydration. The details o f  the thermal calculations are provided in Appendix e. 
The steady state analysis results for the Phase 1 indicate that the maximum predicted tank 
tempera~res will be approximately I20 "F at the bottom of the tank. The calculation was 

steady state assuming continual heat generation froin the waste residuals 
0 ft3) and from the cement in the stab~lizing grout. From a steady state 
is conservative because the heat evolved horn the hydration ofthe grout will 

occur shortly after placement in the tank and will then taper ofC The thermal load from the 
decay heat is larger than the heat of hydration from the assumed residual waste stabilization 
grout layer. 

To evaluate the potential themal effects associated with placing a large grout pour into the tanks 
and determine whether measures would need to be taken during Phase 2 to limit ~ e ~ p e r a ~ r e s ,  a 
conservative steady state analysis was c~nducted. This analysis was done to evaIuate the 
potential steady state tempera~re in the Phase 2 grout as a result of the hydration reaction 
resulting from filling tank 241-C-106 with approximately I 7  feet of grout in a single pour. The 
results of this analysis indicate that temperatures within the grout would exceed ~ e m p e r a ~ r e  
limits in the Level 2 Speci~cation and that themal effects need to he considered during the 

grout f o ~ u l a t i o n  to 
maintain acceptable 

of  these efforts. 

T 

RPP-1233 1 assmies that no new tank risers wou 
0 

2 
The removal and f in-tank equipment was in ed in the cost estimate developed 
for RPP-12331. Inherent in the estimated cost ofremovi e retrieval e q u i p m ~ t  was an 
assumption that mock up experience in the installation and removal of equipment would be 
gained through the pl 

be installed and that grout placement would 
gh one of the existing tank risers, For both tank 241-C-106 and the 2 4 1 4  farm 
anks this required the removal of ~ong"1eiigth ret&val equipment from the risers. 

cold testing of the articulated mast system. Mock up and planning 
04 involved considerable rces. The switch 

reduces or 
ting efforts. The impaci 

ofthis change on the cost for equipment removal has not been assessed. 
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Review of the articulated mast system to be deployed in the 241-C f a m  200-series tanks 
indicated that the mast would be suitable for use in placement of the Phase 1 grout. Use ofthe 
~ticulated mast system for placcment of Phase 1 grout in the 241-C f m  200-series tanks would 
eliniinate the access problems and the need 
installation of new risers. Use of the articui 
grouting and options for obtaining tank access would need to be evaluated as a part ofthe 
Phase 2 closure design. In the event that design changes preclude the use of the ~ i c u l a t e d  mast 
system for grout placement, new risers or equipment removal would be required. 

Subsequent to the release o f  RPP-12331 a technique for installrng a new riser on an SST was 
identified by the Tank Farm Vadose Zone Group, This t ech~que  utilizes existing onsite 
equipment (rotary drill rig and guzzler vacuum truck) to install a t 
used to vacuum soil and set a 2 4 - i n c h - ~ ~ e ~ e r  ste 
i s  then used to cut a shallow groove 18 inches in 
IS~ inch-d i~e te r  casing is placed into the groove and grouted to provide a seal. A re~ainer is 
then installed in the portion of the tank dome that is to he cored. Next the dome is cor 
and the relaiiied concrete plug i s  removed. The last step is to set a ~2- inch-d i~e ter  

nsider removing in-tank equip~ent or 
ast system would not be suitable for Phase 2 

ser. The guzzler truck is 
e tal& dome. The drill rig 

f the doine and an 

ameter casing and grout it in place. This technique was successhlly demonst~ated 
at the 100-6 reactor area ~ ~ ~ C - ~ D - W ~ - ~ R - 5 ~ 7 ~ .  

The ~ $ t i m a t ~ d  cost for iustallatioii of a new riser using this tech~ique was recently developed by 
the Tank Fann Vadose Zone Group compared against the cost estimate 
removii~g the retrieval e ~ n i p ~ e n t  in 331. Both ofthese estimates includ 
planning f~ict ions (Le., plant forces work review, e of const~ction) that wou~d have to be 
conipleted for tank closure with or without the ins on of a new riser. When 
planning ~ n c ~ i o n s  were removed from the new riser estimate the cost was $280, 
This compares to a cost of $225,000 esti~ated for renioval ofthe articulated mast system in 
~PP-123~ I. Based on the uncertainties associated with equipment removal, ~nstallation o fa  new 
riser in tank 241-C-106 i s  selected for the purposes of this neering report, A detailed review 
and work planning effort i s  recommended during detail de ate and compare new riser 
ins~allation versus equipment removal. 

10 GFR 20, “NRC S tand~ds  for Protection Against Ra~ation,” Code o ~ ~ e ~ e ~ a ~  ~egulatio?is, 
as amended. 

~ N S I I A S ~ ~  AG-1, 1997, Code 017 N u ~ ~ e a r  Air and Gas ~ r e a t ~ e n ~ ,  American National 
Standards Institute, Wash~ngton, D.C. 

A N S ~ A S ~ ~  N13.1,1999, S a ~ p l z ~ g  and ~ o n ~ ~ ~ r i n ~  Releases o ~ ~ ~ r b o r n e  ~ a d i o a ~ ~ l ~ e  
Stacks and Ducts of Nuclear ~VffciZities, ~merican  nation^ S t ~ d ~ d s  

~s t i tu te ,  Wasiiin~o~i, D.C. 

~ S ~ / A S ~ ~  N509, 1989, Nuclear Power Plant A i ~ - ~ ~ ~ e ~ n i n g  Units and Co~pon?~ t s ,  ~ i e r i c ~  
National Standards Institute, Washin~on, D.C. 
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A N S ~ A S ~ E  N510, 1989, Testing of Nuclear Air Treatnien~ S’Jstems, ~ e r i c a n  National 
Standards Institute, W a s h ~ n ~ o n ,  D.C. 

DOE/~A-l462,2002, DraB Eiz~,iroI~inental Assessrnentfor the Accelerated Tank Retrieval and 
Closure ~ e 1 ~ ~ o i 3 s ~ r a ~ ~ a n  Project, Pr~dee~siona~ Draft, US.  en^ of Energy, 
Office of River Protection, Richland, Washington. 

~ O ~ / R L - 9 2 “ 3 6 ,  Hanford Site Hoisting and Rigging Manual, U.S. 
Rjchland Opera~ons Office, ~ c h l a n d ,  Washington. 

WE-2935,  1998, ~ ~ ~ a l u a t i o n  of the 296-C-0 
Nunialec H ~ f o r d  Co~ora t~on,  Rich 

V’C ~ y s t e m ~ o r  Tank 241-C-106, Rev. 0, 

~ F - ~ ” 0 8 4 2 , 2 0 0 2 ,  ~ d n ~ z n ~ s ~ r a ~ i o ~ ,  CH2M HILL Hanford Group, Inc., ~ c h l ~ d ,  
Washington. 

~ - S ~ ~ W ~ - ~ ’ ~ - 3 0 2 ,  1998, Portable ~ ~ h a n s t e r s  P O R ~ ~ ~ 4 - S ~ D  23, P O ~ - 0 ~ 5 - S U D  C, 
P ~ R - 0 ~ 6  SUD D ,Sitorage Plan, Rev. 0, Fluor Daniel ~ o ~ h w e s t ,  Richland, W a s ~ n g ~ o n .  

~ F - S ~ - ~ - T S R - 0 0 6 ,  2002, Tank Faste Remedi~tlon System ~ e c h n ~ c a l  Safety Requ~reme~tt  
Rev. 2-L, CH2M HILL Hanford Group, Inc,, Ricli~and, Washin~on. 

N a t ~ ~ n u l  ~nvlronmental Policy A 

OSD-T-151-00013, ~ p e r a ~ i n g  Specz~cations~or S~ngle-Shel~ Waste Storage Tanks, 

1369,42 USC 4321 et seq. 

CH2M HILL Hanford Group, hc., Richland, ~ a s ~ i n ~ o n .  

Resource Conse~ution and Recovev Act of 1976, Public Law 94-580,90 Stat. 2795, 
42 USG 901 et seq. 

WRSS and W0320, Tank 241-C-106 Sluicing Letsans Learned, Rev. 0, 
Martin Hanford Co~oration, Richland, Washiiigton. 

UP-1  1094,2002, Tank Closure Fill System for Interim Closure o fEve  Selected 241-6 Farm 
Tanks Level 2 S ~ e c ~ ~ c a t z o n ,  Rev. 1 DraR, CH2M HILL Hanford Group, In 
W a s h ~ n ~ o n .  

UP-I233 1,2002, Accelerated Tank Clos~re D e ~ i ~ ~ z s t r a ~ ~ o n  Basrs ~ ~ ~ e s ~ ~ ,  Rev. 0, CH2M 
HILL Nanford Group, Inc., ~ c h l a n d ,  ~ a s l ~ n g ~ o n .  

TFC-ENG-STD-O~, 2002, Engineering Deszgn and Eva~uaf~on,  CB2M HILL Nadord 
Inc., Richland, Washington. 

WAC 173-303, ~ ~ D ~ g e r o u s  Waste Regula~ions,” Washlng~on Adminis~ra~lve Code, as amended. 

WAC 173-400, “General R e ~ l a t i o n  for Pollution Sources,1’ ~ a s ~ z n g ~ o n  A 
as amended. 
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WAC 173-460, “Controls for New Sources o f  Toxic Air Pollutants,” ~ u ~ ~ z ~ ~ g ~ o n  ~ d ~ ~ ~ ~ ~ ~ / r ~ ~ z ~ ~ e  
Code, as amended. 

~A~ 246-247, “Radiation Air Emissions Program,” ~ ~ ~ ~ h 7 7 ~ g t o n  A d ~ ~ n z ~ ~ r ~ i t z ~ e  Code, 
as amended. 
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T IL 

e estimate prov~ded in 
described in main 

and estimate reflect perform 
ties associated with interim tank closure. The U.S. D e p ~ m e n ~  o f ~ n e r g y  brackets 

n the accuracy of -30% to +60%. 

The estimate was oreaared usinrr a c t i ~ i t y - ~ ~ e d  cost ~ e t l ~ o d o ~ o ~ y .  It 1s imno~an t  to note that the - -< 

cost estimate covers only those work elements described in the C 
i s  not a Total Project Cost. 

Estimating Input Sheets and 

A ~ u n ~ ~  ofthe cost estimate for Phase 1 interim closure of tank 241-C-106 and the four 241- 
C fmi 200-series tanks is provided in Table A.l with a breakout by work break do^ s ~ c ~ e  
eleinerit. 

TS 
A project schedule was developed to support 
activities for Phase 1 interim closing the five 

opment of the p ~ ~ e d  approach to executing 
The project schedule is provided as 

le for waste retrieval of the four 241-C s recognized that the current 
does not support interim closure in the t i i ~ e ~ ~ e  shown, 

x 
Several major estimating assu~ptions and exclusions have bcen made for the developn~ent of 
this estrrnate. Major estimating a s ~ ~ ~ p t ~ o n s  include a method of a c c o ~ p l i s ~ e n t  emplo~ng  
several con~act~ng strategies. Tliese include p r o c ~ e ~ ~ t  vendors, cons t~c t~on  ~ ~ a g e m e ~ t  
aid const~ction forces services, ~chitec~engineer design and engineering services, and 
CW2M W L L ,  Wanford Group, Inc. pl 
manage men^ of the project and the i 
project will he performed by CW2M HILL Hanford Group, Inc. More specific  assumption^ can 
be found in the individual cost estimating input sheets. Major exclusions fram the estimate are 
the estimates for work breakdown structure elements: 

rces staffing. It has been a~sumed that the overail 
a1 con~acting of vendor services and materials for the 

Project ~ ~ a ~ e m e n ~  
* Project Definition 

Detailed Design 
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.S Readiness Review 
o Nuclear Safety & Licensing. 

These estimates are being prepared and compiled by the Closure Project outside of this 
en~ineering report. Addit~on3Ily~ the costs for Phase 2 interim closure are no 
cost estimate. No CH2M WILL Hanforct Group, Inc. fee is included in the co 
the ~ o n ~ ~ o r i n g  and surveillance activities that woul 
included in !he cost. It i s  i 
not include a number of a 
the cost estimate in !his enginee~ng report is to provide a cost estimate for the field activities 
associated with interim tank closure that could be used as an input to improve the basis 
overall project cost estimate. 

Phase 1 and Phase 2 are not 
ant to note that thi 
s associated with 

t a total project Gost and does 
t (i.e., waste rehieval). The intent of 

The cost estimating input sheets in Attacliiiient A1 are organized by work b r e ~ d o w n  structure 
number and contain the basis for the cost estimate at the detail level. 
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FY = fiscal year 
WBS =work breakdown structure. 
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SRS Savannah River Site 
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INT 

Preliiiiina~ engineering efforts have been initiated in support of the definition o f  closure 
concepts for denionstration in tank 241-C-106 and follow on implementatio~~ in the four 241-C 
200-series tanh-s. It has been assumed that the five tanks would be closed in place WI 

ut fill for the tanks: 

I Phase 1 - liiitial layer(s) of grout will be placed into the tanks to stabilize and 
encapsuIate the residual waste heel in the tank 

Phase 2 - Bulk fill the remaining tank volume to ~inini ize  water in 
long-term degradat~on of the surface barrier due to subsidelice, and 
access. 

c 

For the purpose of this report i t  is assumed that Phase 2 would not occur immediate1 
Phase I; at least 1 and up to 20 years could elapse between Phase 1 and Phase 2. 

The purpose of this appendix i s  to iden 
production, and placement of grout (dry and wet) for Phase 1 and Phase 2 closure of the five 
~emonstratioii talks. 

evaluate, and select a conc 

M T 

Tank ~ ~ o ~ u r ~  Fall System for ~ ~ ~ e r ~ ~ ~  Closure o~Se l~c ted  241-C F U P ~  Tanks Level 2 
~ ~ e c i ~ c a t ~ ~ n  (RPP- 
perform~ce specifi 
fill system. The pe 
delivery and plac 

, h e r e ~ e r  referred to as the Level 2 Spec~~catio~i,  e~tablishes the 
for project defi~tion and ~ ~ r e l i m i n a ~  engin 
e objectives defined in the Level 2 Specifi 

of a tank closure 
levant to grout 

the solubility and mobility of key co i i t~ inants  
for bulk tank fill 
stabilization fill. 

The prelim in^ e n ~ n e e r i n ~  effort needs to determine the most appropriate grout delivery and 
placenient system concept for tank closure demonstrations that best meets the eval~ation criteria. 
The decision criteria used to select a single grout delivery and placement concept for use in 
p ~ e l i m i n ~ y  engineering should be measurable, ind~endent  from other criteria, and conducive to 
ranking and scoring. 

The p r e l ~ ~ i n ~  decision criteria for use in selecting a reconmended grout delivery and 
placement system include: 

AppB-0211 B- 2 February 11,2503 
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Safety - Safety issues to be considered include construction, operation, and 
demobilization of the grout delivery and placement system. A low score would 
correspond to significant safety concerns and/or the requ~renient to design and i 
engineering controls. A high score would correspond to a system that has limited safety 
concerns, 

~ p e r ~ b i l i t y  - The ease andlor djffculty in operating a given system is assigned a value 
with a lower value corresponding to a difficult system to operate and a higher value 
corresponding to an easy systeni to operate. 

Technical risk - Technical risk criteria provide a means to measure the level of 
confidence that a given concept will work and as a measure of how well it meets the 
technical requ~rements (Le., macroelcapsulation). A low value e o ~ e s ~ n d s  to a low 
level of confidence while a high value co~esponds to a high level of confidence (i.e., the 
system has been deployed either in U.S. ~ e p a ~ e n t  ofEnergy or commercial 
applications). 

c 

e 

e p l o ~ m e n ~  sch 
schedule that is c 
Project schedule 
high=4, medium=3, medium Iow==2,low=L) in meeting p 

le risk - The potential for deployment of a given concept on a 
e with the overall Acce~era~ed Tank Closure ~ e m o n s ~ a t i o n  
d a value based on the level of confidence (high= 5, medium 

ect schedule c o n s ~ ~ n t s .  

a Cost - A cost value is assigned based on en~ineering judgment for the life cycle cost 
{capital and opera t~ ig~ of an option. 

The decision strategy involves development and evaluation of a reasonable range of alternatives 
for the delivery and placement of grout into the closure d e ~ o n s ~ a t i o n  tanks. Review of 

d at other U.S. Department Energy sites and brainsto~ing sessions were 
and placement of the grout. It i s  expected 
be selected for each phase of in~erim closure 

for i%rther development in p r e l i ~ ~ n ~  engineering. 

For each grout delivery and placement system concept the ~ndividua~ decision criterion will be 
assigned a value from 1 to 5. A weighting factor between 1 and 5 will be developed for each 
decision criterion and a weighted score will be calculated for each option based on the raw score 
and the weighting factor. These weighted scores will then be added together and the options will 
be ranked based on numerical value. Table .I provides a sample evaluation forni. 
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.1 A 

To evaluate options for grout delivery and placement systems a number of a ~ s u ~ p t i o n s  aid 
system cons~aints warrant identi~cat~on. These assumptions and coii~~aiii ts  include the 
following: 

a Each ofthe tanks will be retrieved to the ~ ~ n ~ ~ r ~ ~ e ~ e r a l  ~ ~ c i ~ ~ ~ ~ ~ r e e m e n t  and 
Consent Order ~ ~ ~ ~ A ~ O ~  Ecology et al, 1985)) interim retrieval reqi~irement of 
360 cubic feet (tank 241-6-106) and 30 cubic feet for each of the ZOO~series tanks 
~M~lestone M-45-00). Following retrieval the residual waste will consist of wet solids, 
liquids, dry sol 
and ~oiumes w 

Because of the ~ c e ~ a i n t y  in the physical fomi ofthe residual waste that will remain 
fol~ow~ng retrieval and the g ~ ~ ~ a ~  interest in ~ireven~ing any liquid or loose sludge from 
being pushed to the outer edge of the tank, it is assumed that dry cement will be added to 
the tank before ement will be added to each tank as the first 

rcicess if, and only if, a wet sludge or liquid 
y (Le., no free liquids o 

method will not be utilized and the introduction of wet grout will be 
onset of closure operations. For the purposes of this evaluation, it 
tank 241-C-106 will require the dry 
and the C farm 200-series taks wil 
be dry). The purpose for introducing the dry ce 

bottom after the completion of the 

on thereof.  residua^ waste cl~~racteristics 
-rehievat ssunpling and analysis. 

~1 

ent place men^ {i.e.* will have liquids ~en ia~n ing~  
require the i n ~ o d ~ i ~ t i o n  of dry cement (i.e., will 

cipated liquids and immobilize non-adhere 
te retrieval effort. It will be assumed that there 
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1 of liquid remaining in tank 241-C-106 
hes of liquid remain~ng in the bottom 

o approximately 830 gallons. For low compressive strength 
ent ratio is approximately 0.82 (Mark‘s Standard  andb book for 

Meclianical Engineers, Ninth edition, pg 6-1 82). Utilizing this ratio for calculating the 
volunie of cement required to absorb the liquids yields ap~ro~imately 3.5 cubic yards of 
cement. For conse~atism, it will be assumed that this volume will be doubled and 
7 yards of dry cement will have to be added to tank 241-C-106 to absorb and stabilize the 
remaining liquid waste. 

The project schedule for field d e p l o ~ e n t  of  the waste sfab~lization for tank 241-C-1M is 
froin February through March 2004. 

The project schedule for field deployment of the waste stabilization for tanks 241-C-201, 
-202, -203, and -204 rollows the d ~ l o ~ e n t  in tank 241 42-106, is dependent on the 
C farm 200-series retrieval schedule, and must be completed by ~ e c ~ m b e r  30,2004. 

The volume o f  grout needed to stabilize the waste residual is yet to be d e t e ~ ~ n e d ;  
however, it is assumed that stabilization of the residual waste would be accomplished 
with a 10- to 12-inch layer ~approx~mately 165 cubic yards) ofstab~lizing material. 
This volume would result in a nominal 10% waste loading in the stabilizing grout. 
Additional grout beyond the 10- to 12”~nches may be required to meet waste 
classification requirements for the residual waste. 

In-tank equipment will be encapsu~ated in the grout. 

(I 

* 

e 

I) 

J Ready access for 
Additional acces 
installation of new access risers. 

of the tanks is available at the center or near-center riser. 
quired, would involve removal o f  equi?ment €?om other riser(s) or 

n s an adaptation of the S a v ~ ~  River Site { S ~ S )  all-hone zero 

retr ievabi~j~ criteria This f o ~ u l a t i o n  can be readily pumped, i s  self leveling, and 
produces no bleed w 

Macr~encap~ulation will be the preferred alternative for decl 

reducing filligout system with the mix propo~~ons  adjusted to meet the 

e 

t) The p r o ~ ~ m a t i c  s associated with grout placement 
ation and bulk tank Ell) are those from a regulato 

aluation, they will be assumed the same all options and will not be a 

riser will be installed. 
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* For the evaluations where cemen~b~out (dryiwet) i s  being introduced in multiple 
locations, it will be assumed that for the three locations where existing risers will be 
utilized that the in-tank equipment will be removed or cut off and disposed of in the tank. 

The concrete mixer trucks will be able lo be washed out and deposit the remnant grout at 

concrete mixer truck cleaning during Projects W-211 and W-314. 

Rejected concrete mixer trucks of grout originating from an offsite grout facility will not 
require dumping onsite. The grout will be able to be diluted and returned to the grout 
mixing facility offsite. 

Tbe strength of the dry cement and liquid waste n~ixture will be no greater than that of 

n in the 200 East Area. This existing location was utilized for 

e 

e 

grout layer (50 to 300 Ib/m2). 

a Phase 2 interim closure will occur between 1 and 20 years following Phase 1 interim 
ClOSLVC. 

LAC 

The fo~~owing outline the grout delivery and placeme~it system options. 

aterial ~ e i ~ y e r y  to Site 

1. Concrete mixer trucks &om the local concrete suppliers at 8 lo 10 yards each 

2. Dry material delivered to a batch plant on or near the Hanford Site plus trucking to the 
tank farm 

3.  Batch plant located at the t farm (no trucking) 

4, ~on~ inuous  hatching and mixing plant at the tank farm 

e ~ i y e ~  to the Tank 

1. Truck delivery to the tank riser (concrete mixer trucks) 

3. Pump grout from outside the tank fm by boom pump truck. 
2. Pump grout fro utside the tank farm through 

ry Waste S~a~ i I i za~ ion  C e ~ e ~ ~  

1 I ~ n ~ ~ a t i c  delivery of dry cement material through a single central riser location (liquid 
absorption) 

2. Hopper delivery of dry cement niaterial through a single centra1 riser (lrquid a b s o ~ ~ i o n ~  

3 .  Pneumatic delivery of ough multiple riser locations located 
toward the edge ofthe 
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4. Hopper delivery of dry cement matenal through multiple riser locations located toward 
the edge of the tank (liquid abso~tion). 

~ ~ a c ~ ~ c n t  of Wet ~ a s t c  S 

1. Gravity fill with tremie from one location single lift (inacroencapsulate between g 
layer and tank structure) 

2. Gravity fill with hemie &om one location in two lifts {Le., attempt to macroencapsulate 
between grout layers) 

3. Gravity fill with tremie From one location, multiple lifts (attempt to mix) 

4. Gravity fill with tremie from ~u l t ip l e  locations using two or more lifts (Le., att 
macro encapsulate^ 

5 .  Rotating nozzle located in the central riser (attempt to direct tlie grout t 
tank &om the central location and inacroeiicap~ulate~ 

6. Gravity fill using dis~but ion I 
the central location and macroencap~ulate) 

s (attempt to direct grout to the edge of the t 

7. Gravity fill using a cantilevered tremie line (attempt to direct grout to the edge of the tank 

8. Single-point injection with low pressure grout (less than 350 lb/in*) 

9. ~ u ~ ~ i - P o ~ n ~  Injection Systcmm (MPI) with high pressure grout (appr~xiinately 
6,000 Ib/in2) 

fi-om the central location and niacroencapsulate) 

IO. In-tank mechanical mixing using robotic mixers 

11. In-tank mixer p m p .  

P l a c c ~ ~ n ~  of Tank Fill ~ r o u ~  

1. Gravity fill with treinie from one location, multiple liRs as required to limit teniperat~e” 

 live^ tcr Site 

The fo~lowing sections define the delivery to site 
offsite batch plant, (2 )  concrete mixer trucks from central onsite batch plant, (3) local portable 
onsite batch plant, and (4) local portable continuous mixing plant. 

It is unknown how the residual waste remaining in the tank will be dispersed over the bottom o f  
the tank. Optinlally, the retrieval operations would inove the insolubles to the center o f  the tank 
and they would be distributed over the center ofthe tank (in a  shed-botto~ 100-series tank, a 
depth o f  5-inches at the center and extending out to a diameter of  approxim~tely 44 feet equates 
to approximately 360 cubic feet of waste). For this condition, a 10- to 12-incl1 thick layer o f  

ns of (I) concrete 
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grout will be placed to stabilize the residual waste b approximately 165 cubic yards). However, it 
IS likely that seer the tank retrievals, there will be reniaining waste bergs of unk 
located at vanous positions on the tank Roar. As such, each delivery site option 
evaluated for residual waste s~abilizatio~i grout volumes o f  165 and 500 cubic yards as well as for 
the bulk filling o f  the tank with grout. For a 200-series tank, a IO- to 12-inch-tliick waste 
stabi~i~atioi~ grout layer equate 
were evaluated for the largest 

proximately 8 cubic yards. For c o ~ s e ~ a t i s m ,  the volumes 

es have been conducted ai the SRS. Methods used to produce and 
place grout material in NLW tanks at the SRS are described in ~ ~ E / E ~ - 0 4 4 9 .  

o~crete ~ i x e r  Tr 
ercially operated 

batching. Goncr~te mixer trucks woul 
~ o ~ i n a l l y ,  a concrete mixer truck hol 
~ o m ~ n a l  grout placemeiit lift of appro 
for residual waste stabilizatjon, appro 
tank 241-G-106, and I concrete mixer truck load i s  required for a 241-C Fm 200-series tank. 
For a  nomina^ grout placement lift of approxi~a~ely 500 cubic yards for residual waste 
s~abilization, ~pproximately 62 concrete mixer truck loads are re 
6 concrete mixer truck loads are required for a 241-C farm 200-series t d .  

The internal volume of  tank 241-G-106 is approxi~ately 849,000 gallons with a nom~nal 

er truck loads would be required to fill tank 241-C-106 (~c ludes  waste 

sport the grout t 

ards for 100-serics tanks) 
loads are required for 

for tank 241-C-106, and 

ity of ~30,000 gallons. Excluding risers and in-tank ~quipment, approx~mately 

stabilization volmies). The 241-C fmn 200-series tanks have an ap~roximate i n t e ~ ~  volume of 
~0,000 gallons. Again excluding risers and in-tank e q u ~ p ~ e n t ,  each 241 -C farm 200-sei~es t 
would require approximately 38 concrete mixer truck loads to fill the tank ~~ncludes waste 
stabilization volumes) 

~ ~ f ~ ~ :  

over roadw~ys that 
route also serves as t 
N o ~ w e s t ~ s  Go1 d Site cons t~c~ ion  acti 

would conflict with at least one to two peak traffic times. 

This option requires a large number of concrete trucks to bansport the gout  over 
e &om the Richland area. The main 

Site’s 300 and 400 
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Energy Northwest’s Columbia Generating Station. Other Hanford Site construct~on activities 
includ~ng the Waste Treatment Plant, ellvirol~ental remediation activities, and Hanford tank 
farm upgrades will continue to burden these access routes with heavy truck traffic. 
The production schedule would likely require grout delivery at peak traffic times during bulk 
tank fill operations. 

~ e r a ~ i ~ i t y :  For hotli of the waste stabilization lifz options of approxin~ately 165 cubic yards 
(20 concrete mixer truck loads) and approximately 500 cubic yards (62 concrete mixer truck 
loads) and for hulk filling of the tank, there could be t ~ n s p o ~ a t i o n  delays due to random 
searches at the Hanford Site guard gate which would result in unacceptable delays in p ~ a c e ~ e n t  
of the grout in the tank or rejection o f  the load at the delivery point, For both waste stabiliza~ion 
options and for bulk tank ftil, flushing of the delivery system to the tank would he rcquired by 
excessive delays in truck arrival. Due to travel time &om an offsite hatch plant and time limits 
&om mixing to the grout, there would have to he precise coordination between the 
grout contract0 truction project manager to help ensure that m~nimal i n ~ e ~ p t i o n s  

encountered due to mechanical failures of either the concrete mixer trucks or the systeni 
deliveri~~g the grout to the tank. 

encountered during the residual waste StabiIization process. Additional delays could he 

ation using grout injection technologies, large volumes of grout are in~roduced 
to the tank in a short time span, The logistics of supplying such a large volume of grout in the 
short operational d ~ a t i o n  using concrete mixer trucks would he problematic. 

0th Phase 1 and Phase 2, the properties o f  the wet gout  m i x ~ e  are time 
transport of the grout due to congested traffic during peak traffic times or 

due to random searches at the Wanford Site mard gate could resuIt in reiection of the concrete 
1 I ~ 

mixer truck load of grout at the delivery point. 

l o y ~ ~ n t  S c ~ e d ~ l e  Risk None identified, 

Cost: No discnminatiiig costs. 

be erected on the site for op 
The batch plant would be centrally located between the 200 West and th 
farms and would be a dedicated facility with a 30-year design life to servic 
Hanford waste storage tanks. Concrete mixer trucks 

The number of concrete mixer trucks required for stabilization and tank fill i s  as 
the concrete mixer Trucks from 

ire site services 

 safe^: For both Phase 1 and Phase 2, the same 
the wet grout to the tank f m s  would he requir 
placed in a location to minimize andior mitigate concrete 

es, trucks would still 
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Site to deliver the dry grout mix ingredients to sto 
These d e l i ~ e ~ e s  could be scheduled for non-peak 

silos located at the batch plant. 

perab~li~y: For both Phase 1 and Phase 2, the otisite batch plant would be operated by 
ite personnel and would be subject to limiting conditions of existing labor agreements and air 

operating permits. 

For waste stabilizatio~i using grout injection technologies, large volumes of grout are in~oduced 
to the tank in a short time span. The logistics o f  supplying such a large volume of grout in the 
short operational duratio~ using concrete mixer trucks would be proble~~atic. 

sk: None identi~ed. 

Residual Wastc Stabil~~ation: This would be a capital constructioii; obtaining project 
authorization, plant siting, plant cons~c t ion  and operating permits, qualified construct~on 

l i s  employee training within schedule p ~ ~ e ~ e r s  is not reasonable for 

Bulk Tank Fill: None identi~ed~ 

Cost: For both Phase 1 and Phase 2, capital costs wo 
plant.  addition^ costs would be incurred for the bu 
trucks. T r ~ s p o ~ a ~ i o n  o f  the dry grout mix would be provided by the 
materials. Operations costs would also be high for this option as the 
and concrete mixer trucks would be by Kanford’Site personnel per existing Kanford Site labor 
agrcem~ts .  

This option also requires con 
be a number of months or even years between the 
operations, and the next closure operation. The batch plant w 
periods o f  non-production and the plant op 
tempora~ly reassigned to other projects. 

be high for the construction of  the batch 
and operating the concr~te mixe 

ion of niaintenance and d e c o m ~ i s ~ i o ~ n ~  costs. There may 
ilization, the bulk lank fill 
ve to be maintained during 

pport personnel would have to be 

acent to the tank farm in a 
d include portable gener~tors 
portable ~encrator~ would be 

er were required. Site services 

ed after c o ~ p l e ~ i o i ~  of, 
ents would be trucked to the 

mechanical failure, a ~ ~ ~ s ~ a t ~ v e  bold, or other production i i i te~pt ion.  

or botli Phase 1 and Phase 2, the same nuinher of  
out to the tank farms would be required. It i s  likely that the onsite batch plant could be 

Crete mixer trucks for deliver o f  
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travel on high traffic 

These deliveries could be scheduled for non-peak traffic periods. 

perabi~ity: For both Phase1 and Phase 2, delays in the delivery of the grout to the tank due to 
mechanical failure or admii~strative hold could result in the need to dump hatch loads of gront 
and flush the wet side of the hat causing additional schedule delays. An offsite vendor 
would provide all hatch plant and provide all opera~ing personnel. 

For Phase 2 of closure and future closure operations, capital equipment acquisition with 
operation by Harrford Site personnel sbould be considered. 

Due to time limits fkom mixing to placement of the grout, delays in delivery o f  the grout to the 
tank due to mechanical failure or administrative hold could result in the need to dump batch 
loads of grout and flush the wet side of the batch plant causing add~tiona~ schedule delays. 

None iden~ifjed. 

eplQyment S ~ h e d ~ l e  

Residual Waste Stabilization: Even though these services would be contracted to be provided by 
a vendor, there is a slight risk involved with getting all of the required co~ponents in place and 
operating on the Hanford Site at the time of Phase 1. 

Bulk Tank Fill: None identifjed. 

CQst: For both Phase1 and Phase 2, a vendor will be contracted to provide a service including 
all equipment to perform that service. As such there are no capital costs or ~p~oyee-related 

costs associated with either phase of closure. ~ e r a t i o n a l  costs associated with 
hatch of grout due to production i n t e ~ p t i o n ~  should be limited with a local batch 

staging area adjacent to the t 
in a non-radiologically controlled area. The continuous mi 
generators that would provide the needed electrical power. 
would he required if diesel powered g~erators in excess o f j ~ ~ ~ ~ o r s e  power were required. 
Site services would provide water to the mixing pi x components would be 

Xing plant from offsite suppI~ers. to the mix of dry componen~s 
in a hopper that feeds the discharge pump. The discharge pump and its feed hopper would need 
to be Rushed after completion of, or extended delay in, the grout production campaign. 
The continuous mixing operation does not require the collection of large volumes of wet grout; 
therefore, facilities for dumping a load of grout are not required. 

 safe^: For hoth Phase 1 number of trucks required to travel on tl 
e access routes from the Richland area compared to-the option wiih an of&& batch 

plant would be reduced by approximately two-thirds. With a local hatch plant, trucking of the 
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wet grout can be eliminated entirely by delivering to the tank by a slickline or aboo 
truck, but would require the same number of concrete mixer trucks as 
batch plants if the preferred delivery option to the tank i s  by concrete 
traveling from the Richland area would supply the dry grout mix ~ n ~ e d i e n t s  to storage silos at 
the continuous mixing plant with deliveries scheduled for non-peak traffic penods. 

~ ~ ~ a ~ i i ~ t ~ ~  %or both Phase 1 and Phase 2, the continuous mixing plant would not require the 
storage of wet grout, as such delays in delivery of the grout to the tank due to m e c l i ~ c a l  failure 
or a~inis t ra t ive hold would not result in the need to dump batch loads o 
extensive delays would require Rushing of the mixing hopper and disch 
the wet side of the continuous iiiixing plant is a relatively simple operat 
cause additional schedule delays. 

For both phases of tank closure, an offsite vendor would provide all ~ontinuous mixing plant 
equipment and provide all operating personnel. For Phase 2 of the closure de~~ns t ra t ion  and 
future closure operations, capital equipment acquisition with operation by Hanford Site 
per~onnel should be considered. 

isk None idei~ti~ed. 

Residual Waste S~bi l i~at ion:  Even t ~ ~ o u ~ i  these services would be contracted to be provided by 
a vendor, there is a slight risk involved with getting all of the required components in place and 
operating on the  anf ford Site at the time of Phase I ,  

Bulk Tank Fill: None identified. 

C ~ s t :  For both Phase 1 and Phase 2, a vendor will be contracted to provide a service incIuding 
all equipment lo perform that service. As such there are no capital costs or employee-related 

ociated with either phase of closure. 

The following sections define delivery to tank options: (1) truck delivery to tank riser, 
(2) pipeline fiom ou&ide o f  the tank fm, and (3)  boom pump truck. 

Truck ~ e l i y e ~  to Tank 
mixer trucks w 

predete~iiied 
chute would be positioned above th 
delivery of the load, the truck would 
talk farm exit staging area for a radi 
cleared for exit from the radiolo~eal~y 
facility for reinoval of residual grout wi 
collection of radjologically contai~inated decont 
the tank fam, ~adioiog~cally controlled 
the onsite treatment and disposal facili 

radiologically control~ed area along 
s to be staged adjacent to the tank. The gout d 
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Safety: The safety concerns described in this section apply to both Phase 1 and Phase 2. Strict 
dome loading requiremeilts are in place for all Hanford tanks. Designated travel paths for the 
heavy concrete mixer trucks would have to be established and controlled. The potential for 
human error likely will require failsafe and redundant systenls and constraining a~inis t ra t ive 
con?rols to allow entry into the tank farm. 

The potential for c o n t a ~ ~ a t i o n  spread is high given the required number of trucks and the 
frequency of access. Although the n ~ b e r  
for contaniination spread is still high. Con 
due to the potential of spillage associa?ed with chute positioning and delivery of the grout. 

This method of grout delivery requires a relatively large number of employees in the 
radiologically controlled area including the truck driver who would remain in the truck cab due 
to entry and exit require~en~s,  truck spotter rkers to position and clean the grout chute, and 
Health Physics Tec~ic ians  to survey ?he efore exiting the radiolog~cally controlled area. 

~ p e r a b i l i ~ :  For both Phase 1 and Phase 2, ?bere are several operability difficulties associated 
with entering the radio~ogicall~ controlled area as discussed in the section addressing safety, 

Schedule delays are very likely for both phases with this option due to entry and exit 
 requirement^ of a radiological~y controlled area. Should a concrete mixer truck become 
contaminated, efforts to decontaminate the truck would be taken and if unsuccessful would 
require purchase ofthe truck. In either event extended produc?ion delays would be certain. 

For bulk tank filling, grout injection technologies introduce a large volume o f ~ o u t  in a short 
time span. The logistics of supplying such a large volume of grou? in the short operational 
duration using concrete mixer trucks would be probIeniatic. 

eks will be minimal for Phase 1, the likeliho 
tion spread and waste generation is also likely 

sk: None ~den~ified. 

~ e p l o y ~ e n ~  Schedule Risk: For both Phase 1 and Phase 2, completing the safety ease ana lyse^ 
and obtaining the safety authorization basis mod~fications nece o allow the concrete mixer 
truck to drive into the tank fami may be difficult to achieve wi e c o n s ~ i ~ t s  of the 
schedule. 

Cost: For both Phase I and Phase 2, operations costg are high for this oprion due to extensive 
operations within the ra~ologically control1ed area. Capital costs are moderately high due to the 
need for a truck exit d d e c o n t ~ i ~ a t i o n  faciliti addition, if a concrete mixer 
truck could not be aminated, the cost of the would be burdened by the 

ide of the Tank ~~r~ 
located adjacent to and outside of 

ickline consists of IO-foot 
ss the radiological control barrier, 

d other locations that the g ~ o ~ d  
uld be fed into the pump feed 

of the pump and slickline would be required at 
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the co~pletion o f  a grouting c ~ p a i g n  or upon extended delays. The slickline Rush water would 
be discharged into the single-shell tank (SST). The pump would be removed to the flushing 
facility for extensive flushing. 

~ ~ f ~ ~ :  For both Phase 1 and Phase 2, operations within the ~adiologjcally controlled area are 
limited to consl~ction o f  the slickline. 

p ~ r a b i l ~ ~ :  The operability constra~nts described below apply to both Phase 1 and Phase 2. 

This method o f  grout delivery to the tank provides 
radiolog~cally controlled area. Upon completion o 
personnel would be required to enter the radiologi 
remove each i~dividual 1 0-foot section o f  slickline from the radiolo~cally controlle 
Upon c o r n  
enter the radio1 
p e r f o ~ e d  upon completion ofwaste stabilization. 

 cause the slickline delivery method requires no storage of wet grout> delays in d e ~ i v e ~  of the 
grout to the tank due to mechanical failure or admjnis~ative hold would not result in the need to 
dump batch loads of 
slickline. F ~ ~ s ~ n g  5 
compressed air. This method of delivery is unlikely to cause a d ~ t i o n a ~  schedule delays. 

bility in operations from outside the 
waste stabilizatioii grouting c 
controlled area and disconn 

t of  the bulk tank fill grouting c ~ p a i ~ ~  personnel would be required to 
y controlled area and set the slicklines back up unless bulk tank fill is 

, but extensive delays woul 
ump and slickline is a re1 

quire ~ushing o f  the p 
ly simple oper~tion th 

k: None jdenti~ed. 

e p l o y ~ e n ~  ~ e ~ e d u l e  Risk: None ident~fied 

~ o s t :  The cost described in this section holds true for both Phase I and Phase 2. 

Capital costs are limited to thos 

e n v i r o ~ e n ~ s .  

The slick~ine woul Slickline construction is 

There are limited operations assoc 
low. 

ith a slickline d 

a booin pump tmck would be 
controlled area southeast corner gate. The boom tru 
the hopper would be the only portion o 

niixer trucks would not b 
n, the boom would have 

riser on tank 241-C-106. For discharge t 
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would be staged adjacent to and outside o f  the tank farm radiologically coRtro~led area fence. 
Grout would be delivered to the hopper on the boom pump truck and discharged into 
hopper at the tank riser. The boom would need to be flushed after completion of a gro 
campaign or upon extended production delays. Flush water would be discharged into ?he SST or 
the boom could be repositioned to a flush water receipt tank located outside ofthe rad~ologieally 
controlled area. 

All ofthe tanks selected for the closure demonstration (tanks 241-C-106, -201, -202, -203, and 
-204) are located along the east of the tank f m .  The central riser of tank 241-C-106 and 
the 242-C farm 200-series tank located approxi~ately 190 and 100 feet, respectively, from 
the radiologically controlled area fence. Boom pump trucks with a horizontal reach up to 
157 feet are c o ~ e ~ c i a l l y  available. 

ted reach, the boom pump truck option is not a valid option if the grout is to be 
through ~u l t ip l e  risers near the tank wall. Also due to the limited reach 

capability, this option is not applicable to all firlure tank closure operations. For example, grout 
could not be delivered to tank 241-C-105 using the boom pump truck option as described here. 

 safe^: The safety constraints described below apply lo both Phase 1 and Phase 2. 

There is a potential for cont~ina t ion  spread and waste generation due to the potential of 
spillage associated with movement ofthe boom. Boom place~ent o f  concrete is c o ~ o n  in the 
cnns~ct ioR industry with known and acceptable personnel hazards. The boom truck operator 
and Elanford personnel would be required to be located in the radio~o~cally controlled area for 
boom positioning and placement for tank 241-C-106. The boom truck operator would be outside 
ofthe radiologically controlled area for grout placement in the 2 4 1 4  farm 200-series tanks, 

~ e r a b i l i ~ :  The oper~bili~y c o n s ~ a i n ~  described below apply to both Phase 1 and Phase 2. 
For tank 2414-1 el located within the 

ing of the boom. Personnel w o u l ~  ould be required for 

The boom truck operator would be outside ofthe radiologically con~olled area for grout 
placement in the 2 4 1 4  farm 200-series tanks. 

es no storage of grout, delays in delivery of 
anical failure or a ~ i n i s ~ a t i v e  hold would not result in the need 

flushing of the boom pump. 
the ~d~ologically controlled 

area. This method of delivery i s  mlikely to cause significant schedule delays. 

nical Risk None identified. 

k: None identified. 

all equipment to perform that 
ita1 costs for Phase 1 and Phase 2 of the tank closure 

de the radio~og~ca~~y controlled area are required for positjoni~ig o f  
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the boom. ~adiological surveys ofthe boom truck would be required before leaving the 
radiolo~ical control1 ea. Although unlikely, if the: boom truck became cont~ina ted ,  
decont~ination co uld be incurred for the boom truck. 

4.2. ~ ~ r n e n t  P l a ~ ~ ~ e n ~  for S t a ~ ~ l ~ z a t i ~ ~  ~ ~ t i o n s  

The following sections define the dry cement pl 
central locatiorr, pnei~i~atic delivery; (2) single 
locatioi~s, pileumatic delivery; and (4) mul~iple 

:nt for stabiliza~~on options: (1) single 
I location, hopper delivery; (3) multiple 
lis, hopper delivery. 

le C~ntral ~ o ~ a ~ i o n ,  ~ n e u r n a t ~ ~  
be pneuina~ically blown into the tank ntral riser using a tremie lowered 

and must be ~aintained at a maximum 
into the headspace. The tremie will be lowered to the elevation where the riser penetrates the 
dome space. For this option, drop height is not a co 
to disperse the dry cement over as much of the bottom of the tank as pas 
will be utilized to absorb and i ~ ~ o b i l i z e  the ~emaining liquid waste 
floor. Successive layers of dry cement will be blown into the tank 
remains. 

The dry cement will be trucked in from an offsite vendor. The truck would be staged adjacent to 
and outside of the tank fimn radiologically controlled area fence. A grout slickline would be 
constructed from the truck to the tank riser. The tru th its own pump to 
provide the pneumatic force to get the cement from th 

~ ~ f e t ~ :  ~~roduc t ion  of dry cement into the tank will generate a cloud ofparticulates which, 
when drawn though the v ~ t i l a ~ i o n  system, could plug the pre-filters. Personnel will be r e q u i r ~  
to enter the radiologically controlled area for rou 
pre-filters as they become ~ o ~ g e s t e ~ .  ~ e r s o ~ e l  
con~olled area for e o ~ s t ~ c t i o n  and removal o f  the slickline. 

ntilation s ~ e i l l a n c e s  and to change the 
so be ~equired to enter the r a ~ i o l o ~ ~ a l ~ y  

perabili~: ~ i ~ r o d u  oud o ~ p ~ ~ c u l a t e ~  that 
will be drawn thou 

ers as required on a routine basis 
uction campaign as well as for c o n s ~ c ~ i o n  and removal of the 

slickline. 

dry cement down the central riser could provide limited 

dispersement over the bottom 
the center of the tank. As suc 
riser will be low, 

Based on the ~ c e ~ i n t y  of how the dry cemen~iquid te mixture will cure, it is unknown if 
ng layer will be of sufficient strength to support the wet grout Iiftx tliereafter. 

Based on tlie assumption that the strength ofthe dry c 
no greater than that of the stabil~%ation layer, md the 

and liquid waste combinat~on will be 
ly low volume of dry cement 
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required to absorb the remaining liquid waste, the risk associated wlth the retnevability of the 
waste undcr this option is low. Further evaluation of the streiigth ofthe dry cement aud liquid 
waste combination should be performed during detail design to ensure that retnevabili~y 
requirements are met. 

e p ~ o y ~ e n t  Schedule sk: None identified. 

Cost: Operational costs would be incurred for the routine ventilation checks and potential filter 
cleaning campaigns and placement and renioval of the slickline. Costs for proc~einent of the 
slickline would also be incurred as it would likely be con t~ ina ted  upon completion of the 
addition o f  dry cement to the tank. 

entral Location, ~ o p p ~  
avity dumped into the t ral riser using a tremie lowered into 

the headspace. The tremie will be lowered to the elevation where the riser penetrates the dome 
space. For this option, drop height i s  not a concern and must be maintained at a maximum to 
disperse the dry cement over as much of the bottom of the tank as possible. The dry cement will 
be utilized to absorb and immobilize the remaining liquid waste and wet sludge on the tank floor. 
Successive layers of dry cement will be di§ch~ged into the tank until no visible liquid pools 
remain. 

The dry cement mixture would be trucked to the Hanford site from an offsite vendor on a flatbed 
truck, The dry cement would be packaged in a super sack@ (Le., c o ~ e r e i a l ~ y  available bulk 
inaterial handling bag) container. A crane located in the radiologically controlled area would lift 
the super sack@ and suspend it over a hopper located on the central riser. The super sack@ 
would he opened al~owing the dry cement to discharge into the hopper and into the tank. 

Sa~ety: ~ ~ o d u c t i o n  of dry cement into the 
when drawn through the ventilation system, could plug the pre-~lters. Personnel will be required 

will generate a cloud of particulates which, 

e radiolo~cally controlled area For routine ventilation s u ~ e i l l ~ c e §  and to change the 
1 will also be required to place the hopper, 

r sack@ to discharge the cement. 

ill generate a cloud o f p ~ c u l a t e s  that 
will he drawn through the ventilation system, P e r s o ~ e l  wiIl he required to enter the 
radiological~y controlled area to monitor and change the filters as required 011 a routine basis 

the dry cement in~rod~c~ ion  cmpai 
erate the crane, signal the crane, and 

e r s o ~ e l  will also he required to place the 
the super sack@ to discharge the cement. 

Due to the partjcul 
to wear masks. 

om the dry cement, p e r s o ~ e l  opening the super sack would be required 

Placing the dry cement d 
e dry cement material over the bottom of the lank with the bulk falling directly 
tank hottom. With a dished bottom tank, the liquids will reside in the center 

of the tank. As such, the risk associated with the in t rodu~in~ cement through a central riser will 
be lo 

the central riser could provide limited 
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Based on the u n c e ~ ~ n t y  of how the dry cemen~liquid waste mixture will cure, i t  IS u ~ n o w n  if 
the stabilizing Layer will he of sufficient strength to support the wet gout lifls thereafter. 

sumption that the strength of the dry cement and liquid waste co 
at ofthe stabilization layer, and the relatively low volume of d 

ciated with the retrie required to absorb the remaining liquid waste, the risk 
waste under this o ~ t ~ o n  i s  low. 

isk: None identified. 

eratianal costs would be incurred for the routine ventilation checks arid potential filter 
cleaning canipa~gns and crane operations. Costs for procurement of the super sacks@ would also 
be ~ ~ c ~ e d  as it would likely be c o n ~ ~ i ~ a t e d  upon comple~io~ o f  tbe addi~~on of dry cement to 
the tank, 

u l t ~ p l ~  L ~ c a t i o ~ ~ ,  
Dry cement will be pne~at ica l ly  blown into the tank 31 several locations near the tank wall in a 
star pattern using a tre 
e~evation where the riser pen IS not a concern 

disperse the dry cement over as much of the b o t t o ~  of 
the tank as possible. The 

lowered into the l ~ ~ ~ d s ~ a c e .  The @em& will be lowered to the 
or this op~ion, drop hei 

t wiIl be utilized to absorb and immobilize the rei~a~ning 
essive layers of dry cement will be blown 

until no visible liquid pools remain. 

The dry cement willbe t ~ c k e d  in from an offsite vendor. The truck would be staged ~ j a c e n t  to 
and outside of the a ~ o l o ~ c a l l y  controlled area fence. A grout slicklin~ would 

riser. The truck will be equipped with its own pump to 
cement from the truck to the t 

ement into the tank wil le a cloud ofpa~iculates which, 

adiolo~cally controlled area for preparation of the existing risers, installation of 
one new riser, r ~ o s i t i o n i n ~  of the it delivery to each of the risers during dry cement 

ces. Personnel will also be required to enter the 
and renioval of the slickline. 

loud of p ~ i c u l a t e ~  that 
uired to enter the 
uired on a routine hasis 

ional oper~bility concerns for this optiovi 

wall could provide 
with the bulk fdling 
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tank. As such, the risk associated with the introducing cement through risers 
located near the tank wall will be mode~ately high. 

unce~a~nty  of how the dry cemennt/l id waste mixture w cure, it i s  unknown if 
layer will be of suEcient strength to support the wet grout Iins thereafter. 

Eased on the a s s ~ p t i o n  that the strength of the dry cement and liquid waste combina~ion will be 
no greater than that of the stahili~ation layer, and the relatively low volume of dry cement 
required to absorb the remaining liquid waste, the nsk associated with the r e ~ e v a b ~ ~ i ~ y  of the 
waste under this option is low. 

e p ~ # ~ ~ e ~ t  S e ~ e d ~ l e  Risk: There is a slight schedule risk due to the pr~ara t ion  oftbe 
existing risers for placement of the dry cement including the removal of in-tank equipment as 
required. For this option, a new riser would be required along the west side of tank 241-C-106, 
which could result in schedule delays as well. 

Cost: Cons t~c t~on  costs are higher for this option due lo the need for preparing 
multiple tank risers, possibly remov~ng existing eq~ipment, and installing one n 
Operational costs are slightly higher than the other options due to r~ositioning the cement 
delivery system to the multiple risers and routine ventilation checks and filter cleaning 
campaigns and placeinent and removal of the slickline. Costs for p roc~emei~ t  of th 
would also be incurred as it would likely be ~o~ tan l ina~ed  upon completion of the 
cement to the tank. 

Dry cement will be gravity 
p a t t e ~  using a tremie low e tremie will be lowered to the elevation 
where the riser penetrates the dome space. For this option, drop heigbt is not a c o n c ~  and must 
be ~ a i ~ t a i n e d  at a maximum to disperse the dry cement over as much of the bottom of the tank 

~ a i u i n g  liquid wast 
scharged into the 

d into the tank at several locations neax the tank wall in a star 

cement will be utilized to absorb and i ~ o b i i i z  
e tank floor. Successive layers of dry cement ' 

iquid pools remain. 

The dry cement mixture would he trucked to the Hanfo te from an offsite vendor on a flatbed 
truck. The dry cement would be packaged in a super sack@ container. A crane located in the 

it over a hopper located on 
cement to d~scharge into 

area would lift the super sack@ and 

~ a ~ e ~ :  ~troduction of dry cement into the tank will generate a cloud of ~ ~ i c u l a t e s ,  which 
when &awn through th 
risers are required for 
accessing the radiolo 
one new riser, repositioni~g of the dry cement delivery to each of the risers during cement 
placem~nt, and routine ventilation surveillance 
hopper, operate the crane> signal tlie crane, and open the super sack@ lo discharge the cement 

ilation system, could plug tlie pr~-~l te rs .  Also, multiple tank access 
ent of the cement. P e r s o ~ e l  would receive additional exposure for 
ontrolled area for ~ r ~ p ~ a t i o n  of the existing risers, installation of 

Personnel will also be required to place th 

AppB-0211 8-18 February 11,2003 



~ng/neerjng Report RPP-14590, Rev. 0 

~troductioii of dry cement into a tank will generate a cloud of particulates that 
d through the vent~lation system. Persormel will be required to enter the 

radiol~gical~y controlled area to inonitor and change the filters as required on a ro 
tl~roughout the dry cement iiitroduclio onal operability concerns for this 

s k  Placing the dry cement down multiple risers could provide limited 
disper5einent ofthe dry cement mate~al over the bottom of the tank with the bulk falling directly 
below the riser. With a dished bottom tank, the liquids will reside in the center ofthe tank. As 
such, tlic risk associated with the introdnci~g cement &rough risers located near the tank wall 
will be moderately high. 

Based on the uncertainty ofhow the dry cement'li 
the stabilizing layer will be of ~nffieient strength to support the wet grout lifts thereafter. 

Based on the ~ s ~ p t i o n  that the strength of the dry cement and liquid 
no greater than that ofthe stab~l~~ation layer, and the relatively low vo 
required to absorb the remaining liquid waste, the risk associated with 
waste under this option i s  low. 

d waste mixture will cure, it i s  u ~ o ~  if 

aring and ac~e5§ing 

~pera~ional  costs are slightly higher than the other options due to repos' 
d e l i v e ~  system to the multiple risers and performing routine ventilation c 
cleaning campaigns. Costs for procure~eiit o f  the super sacks@ would a1 
would likely be eont~ina ted  upon completion of the addition of dry cement to the tank. 

4.2. rout P l a c ~ ~ ~ n t  for Stabilizat~o~ 

sections define the wet grout placement for stabiiization 
g a tremie; (3 )  single 
le lifts using a tremie; 
y located; (7) cantilever (5) Rotating nozzle, centrally located 

ally located; (8) single-p 
MPT; (10) i n - t ~ - m e  r 

pump. 

sub-sections identify 
241 -C-106 only. Fol~owing coinple 

on of the residual waste in tank 
, the preferred option will be considered 
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for a p ~ ~ ~ c a b i ~ i t y  for stabilization of the ZOO-series tanks. Each of the following sub-secti 
be evaluated assuming that dry grout has already been introduced and that the li 
been absorbed and ~ ~ n o b i l i z e d .  

Location, ~ ~ n ~ l ~  Li 
would be placed into the t 

the bottom of the tank to lir 
inches in depth (approxim 

residual waste, providing m~croencaps~lati 
the existing tank structure and the l~-inch-~hick layer of grout. 

~ a f e ~ y :  None ident i~ed~ 

None identified. 

s k  The risk associated with the r e ~ e v a b i ~ ~ t y  ofthe in based on 
the volume of the ~~abilizing material with a compressive strength between 50 and 300 Ibiin’. 

~ e ~ l o y ~ e n t  ~chedule sk: None identified. 

Cost: No diseriminatil~g costs. 

~ree- f lowi~g grout would be placed into the tank via the central tank r iser  using a tremie to limit 

on the volume of the stabilizing material. 

e drop height. The density o f  the grout would be greater than that of the residual waste such 
ithin the dry grout mixture and not fixed to the tank floor 
mate ~0-inch-thick (approxi~ately 165 cubic yards) grout 
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layer. Successive layers of grout also having a density greater than that of the residual waste 
would be placed over the residual waste. Each successive l~-in~h-grout layer would capture a 
portion of the residual waste at the grout to residual waste interface and 
provide e~capsL~~a~ io~ i  of the residual waste sin~u~atinj~ m ~ ~ ~ o e n c a ~ s u ~ a t ~ o n  of a homo 
mixed waste form. 

S ~ f e t ~ :  None identified. 

11 multiple lifts would 

sk: The risk associated with the retriev y o f  the initial laycr is high based on 
the stabilizing material. 

edule Risk: None identi~ed. 

Cost: The costs for the grout, e 
for the IWO-IIA: option. 

ent rental, and operations will be slightly 

of the existing risers, i 
of the grout d e l i ~ e ~  t 

~ e r a b i i i ~ ,  ~ e r a b ~ ~ ~ t y  come 
e radiologicaIly controlled area to relocate the grout delivery system. 

physical properties. 
single central location. 

which could result in sche 
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Cost: Cons~ct io l l  costs are higher fo 
multiple tank risers in 
~era t io i ia l  costs are 
delivery system to the multiple risers. 

i s  option due to the need for p r e p ~ n g  and accessing 
n-tank equipment and installing one new riser. 

an the other options due to reposition~ng the grout 

~ ~ z z i e ,  ~ e n ~ ~ a l l y  L~cate 
ould be placed into the tank via the central tank riser using a rotating 

nozzle. The nozzle would have the capability to be m ~ u a l l y  rotated through 360". The grout 
would be i~~troduced ~ ~ o u ~ h  the nozzle at low pressures (less than 100 lb/in2 gauge) and aimed 

k wall, The grout w 
apsulation of the re 

ikely flow hoin outside the waste and over 
waste by sandwiching it between the 

existing tank structure and the grout. 

S a € e ~ :  The forces created from directing the grout ho ntally from a mast could induce 
roduction of the wet grout 

The airborne dry cement particulates could be drawn into the ventilation and plug the pre-filters. 
~ e r a t i o n s  personnel would also be required to 

ttom of the tank. 

ontrolled area for 
lation ations to manipulate the rotat 

he need for personnel within the 
zzfe and perform rout 

hich could become problematic. 

ility ofthis option i s  low based on the 
ociated with the comp~e~i ty  of the system 

would be high. 

e would require ~ ~ n e ~ n ~ ,  
ese would all be 

retrieval) could help shorten the entire duration. Based on this, there would be a moderate 

gravity fed through the distnbutiolz lines. The grout would likely flow lirorn outside the waste 
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and over the top, providing macroencapsulation of the residual waste by san~wiching it between 
the existing tank structure and the grout. 

Safety: None identified. 

p e r ~ b i l i ~ :  ~ e r a b i l i t y  concerns for this option are limited to the need for personnel 
the radiolo~ieally controlled area to perform routine ventilation surveillances. 

sk: The risk associated with the re 
e o f  the s t a h ~ l i z ~ ~  material. Also 

i s  Low based on the 
the c ~ ~ p l e x i t y  oftlie 

system would be mo 

~oyment Sc~edule 
eng~neer~ng~ procurem 
be ~ o m p l e ~ ~ d  in FV 2003. 
d ~ l o ~ e n ~  schedule 

Cost: Cost consid 
proc~emei~t ,  fabri 
removed for subsequent bulb tank fill o~erat~ons. 

re would he a modera~e 

tank riser using a tremie that 

y sandwie~iing it between the 
and the grout. 

~ a f e ~ y :  It i s  likely that th 
residual dry cement remaining on the bottom o f  the tank, The airborne dry cement p 
could be drawn into tli 
required to enter the 
and maneuvcr the tremie. Also, large 
structure to prevent moment t r ~ s ~ i ~  

duction o f  the wet grout will i ally aggravate some o f  the 

tilation and plug 
gically controlle 

risk associated with the ret 
stahilizing material. Also, 

w based on the 

eployment S c ~ e ~ n l e  sk: Application o f  a cantilevered trernie would require engine 
procurement, fa~ricatiou and testing ofthe system. These would all be required to be co~pleted 
in FY 2003. 
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Cost: Cost considerations associated with the dist~bution line technology include design, 
procurement, fahrication, testing and operations performing routine ye~tilation s u ~ e i l ~ ~ c e s .  
The grade level structure to react the induced inoments would require ienginee~ng and 
~ o ~ s t ~ c ~ i ~ n .  Also, the cantilevered tremie would need to be removed for s~bsequent bulk tank 
Fill operations. 

tion with Law- 
is a concept based on bench 

rthwest National Laborato~y. la the tests grout was 
zontally oriented nozzle for the purpose o f  mixing a ~ n ~ o d u c e d  to the tank thou 

surrogate sludge waste with the grout to create a waste form that micro~ncapsu~ated the waste. 
zzle diameters o f  0.5 and 0.875 inches were used 
grout flow rates from 65 to 138 galimin. 

side o f  the tank. 
d covered with 4 inches 

ing radius of the grout of water. The test results were bett 
injection system which w 
and maximurn flow rates 

After injection the grout was allowed to se 
In all three test cases the single-point injiec 

grout. It was concluded t 
eter SSTs. Extrapolatio 

adjusted to 16 feet when density 

Note that the operatin 
200-series tanks. 

I I  rate o f  740 g a continuous batch plant with this capacity 
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p ~ r a b i l i ~ :  Operation of the single-point injection system would require rotation of the nozzle 
to ensure coverage of the mixing stream aver the bottom of the tank. Personnel would also be 
required to enter the radiologically controlled area to perform routine veiitilation surveillances, 

littie technical risk associated with if or how : Given the requiremen 
mixes the waste with the grout. Even without develop~ent and testing the 
designed to provide some degree of beneficial mixing. The tec~iical risk would 
ugh additional develop~ent and cold testing to opti the grout flow rate and 
to achieve the necessary radius. Also, the risk assoc with the c o ~ p l e x ~ t y  o f  

sk: Appl~cation o f  the single-point injection with low-press~e grout 
and testing in FY 2003 to define design and ope~ating p a r ~ e t ~ r s .  
tivities would need to 
fforts. There would b 

in FY 2003 to ensure data i s  
e deplo~ient  sehedule risk 

logy. However, the design could be developed with 
mation and data colleeted as a part o f  the demonstration effort. 

~ o s t ~  Cost   on side rations ~sociated with the single-point injection system include additioiial 
erations associated with grout placement. Operational costs would 
enti~ation surveillances and possible filter changes, 

The single-po~nt injection system would be moderately inore c o ~ p ~ i c a t ~  than the gravity fill 
system. The grade level s ~ c t u r e  to react ihe induced moments would require eng~neering and 
const~ction. Also, the assembly would need to be reinoved for subsequent buik tank fill 
operatioii~. 

oint l n j ~ c t i o ~  
ti to Ground En~ironmental Servkes, Inc. 

iple, high-speed ~oiio-directional 
~icroeneap~ulate residual waste 

he jet nozzles are placed 
Ily. For shallow tank 

lifted to achieve mixing. 

~laceme~it  o f  the jetting 
d ~ ~ e t e r  holes through th 
optiona~ly, all tooling can 

~ e p l o ~ e n t  of an MPX through a single riser in the center o f a  l a r g e - d i ~ e t e ~  (85-foo~~ 
bas been considered. The con~gurat~on 
&om the center o f  the tank out similar to 
approx~mate~y 20Jets and require about 270 galimin o f  grout at 6,000 lhiin’. Grouting 

can he accomplishe by d~l l ing  small 
a1 jetting tools or, 

olved plaeement o f  18 tool strings oriented radially 
spokes of a wheel. Each tool string would have 

ly for a total flow rat 

into the tank Based on this PunOuJlt ofgr-out 
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needed to encapsu~ate the tank waste  approximately 3.5 times the original waste volume), the 
grouting operation would be completed in a single 10- to 12-hour shift. 

Application of the MPI to the Hanford Site closure deinonstrat;on tanks would be similar in 
c o i i ~ ~ r a t i ~ n  to the system envisioned for the SRS tank. The number ofjets required would be 
less because of the difference in tank diameters and the volume of grout required to 
inicroe~~capsulate the waste heel could be less than the 105,000 gallons of grout assume 
SRS d ~ l o y m e ~ i t .  Adding approximately 10 inches of grout to tank 241-C-f OG would result in 
an approx~mately 10% waste loading by volume. Note that at the operating parameters identified 
for large-diameter tanks, this volume of grout would be injected into the tank in approximately 
14 minutes of actual injection time. 

Imple~entation of the MPI would require a batch mixing plant that would 
supply the MPI with material. Because the MPI is only operated for short 
grout mixing and delivery system would need to supply batches on the order of 2,000 gallons. 
In addition to the grout delivery and mixing systems the MPI would require multipl 
high-pressure pumps to meet the flow/pressure  requirement^. The concept identifie 
called for 2,000 galimin of grout at 6,000 lbiin' w lkh  required four ~ , ~ 0 0 - h p  pumps or six 
1,200-hp pumps. The c o u ~ g ~ a t ~ o n  and Iayout of the in-tank portion of the MPI c o ~ p ~ s e d  of 
the h i ~ - p r e s s u r ~  grout lines and the injection toots would have to be defined and installed in the 
tank. Jn-tank o b s ~ c t ~ o n ~  could interfere with the p ~ a c e ~ e n ~  ofthe injection tools in the desired 

across the floor of 

R e p l o ~ e n t  of the WI in a l ~ g e - d i ~ e t e r  tank would require further 
testing of the system c o n f i ~ r a t ~ o n  for a large-diameter tank. 

Safety: Based on the nature of the system with  pressure (app 
and large volumes it is believed that there would be a number of s 
en~neering controls that would need to be worked before deployment 
the i ~ ~ r o d u c ~ ~ ~ n  of the wet gro tially aggravate some of the r 

g on the bottom of the 
the ventilation and plug the p 
radiologically controlled area to perform routine ventilation surveillances. 

~perability: The MPI wouId be dif~cult  to o~erate in relation to the other sys~en~s. 
There would be significant effort to install, configure, and verify the MPI within the tank. 
Ad~~tional~y,  there would be a number of opera~~onal steps involved in making connections, 

ut for short durations in a portion of the system, and moving co~ect ions  to connect 
portions of the system. Cleaning of the MPX would be pr~blematic. P e r s o ~ e l  

elopment and cold 

particulates could be drawn into 
ould be required to enter the 

would also be requir 
surveillances. 

o enter the radiolo~cally controlled area for routine ventilation 

: Since the Level 2 S~eci~ca t ion  (RPP-11094) rcQuir~cnt  i s  for 
macroencapsulation of the residual waste and tliere is not a requ~re~ent  for ~icroencapsulat~ng 
the waste there is little technical risk that the MPI at a m;nimum would serve as a vehicle for 
p l a c e ~ e n ~  of grout into the tank. Also, the risk associated with the complexity of the system 
would be high. 
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e ~ I o ~ ~ e n t  Sched~le Risk: There i s  s i ~ i ~ c ~ l t  
deployment schedule identified. This is a propriet 
testing and system design for applicatio~ to a larg 

Cost: This grout placement system i s  s i ~ i ~ c ~ t l y  more complex than the gavity 611 system 
and involves th 

risk with this t e c ~ o l o g y  for the 
ology that would require further 

ogy. Cost considerations include ~ddit~onal costs to 
nal costs for the grout p ~ p i n g  system; and 

I would also require removal for 
curred for routine venti~ation 

s ~ e i l l ~ c e ~  and possible filter changes. 

material and would then be ab~doned  in the tank, 

These tec~ologies  would likely not be e 
d i s ~ b ~ t e d  over large areas of the tank liner. ~ d d i t i o ~ i a ~ ~ y ,  mechanical ~ ~ x i ~ g  systems may 
e ~ i c o ~ ~ e r  interference with in-tank equipment. 

ive at mobilizing and mixing thin layers of waste 

Any robotic system would have to be designed to provide the n e c e $ s ~  
entire area of interest (base area of the tank) before the gout set time. 

No existing concepts for mechanical mixing of residual waste with stahil 
found to date. 

ng action across the 

g grout have been 

ixers in Che tanks. These consid 

controlled area for 

tion of the residual waste, the 
d to create in-tank robotic 

in the tank. Also, the 
risk associated with the complexity of the system would be high. 
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Cost: Cost considera~ions associated 
design, deve~opment, testing, and pro 
complex than the gravity fill system. Operationa~ costs would also be incurred for routine 
ventilation surveillances and possible filter changes. 

e in-tank mechanical mixers include 
ent of the mixers, This system would 

.4.11 In-Tank 
An in-tank mixer pump could be utilized to recirculate the grout and mobilize/~ix residual waste 
before the grout set time. The general con 
been installed in the double-shell tanks an 
described for the single-point injection with low-pressure 
in-tank mixer pump and the sinsle-point injection system 
operated for a longer period of time to provide for increased mixing. A mixer pump could be 
operated for several hours but would need to be shut off before the set time of the grout 
The single-point injection systenx would only a1 for mixing action while introducing grout 
into the tank. 

The in-tank mixing concept would provide for greater fl 
placem~nt system in that the mixing system would not drive batch plant production and grout 
delivery flow rates. 

Given the technical issues and development time that was required to develop and deploy mixer 
punips in the double-~hel~ tanks it is likely that comparable development time would be required 
for in-tanli mixer pumps for grout mixing. 

t would be similar to the mixer pumps that have 
e mixing action would be the same as that 

ut. The difference between the 
at the mixer pump could be 

lity in the grout delivery and 

n of this system 
sures. Worker 

involve injecting grout into the tank at r e l a ~ v e ~ y  high 
ssues would be a concern and would re 

during design with potential controls to reduce the potential for accidents. Safe 
tank structure should be minor at the grout injection pressure. It is likely that 
the wet grout will initially aggravate some of the residual dry cement remaining on the bottom of  
the tank. The airborne dry cement particulates could be drawn into the ventilation and plug the 
pre-filters, Operations p 
perfonn routine ventilati 

el would be required to enter the radiologically controlled area to 

ational issues are potent problems. Follo 
placement, a work stoppage in the tank f a m  could result in the grout setting up before the mixer 

yed. Personnel would also be required to enter the radiolo~cally controlled 
lation su~eiilance 

~ e e ~ n i c a l  Risk Since there i s  no requ~rement to microencapsulation of the residual waste, the 
technical risk is limited. S ~ b s ~ a n t ~ a l  development would be required to create an in-tmk mixer 
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the tank would be a problem. 

Cost: Cost considerations associated with the in-tank mixer pumps includes the incremeiit~ cost 
for additional design, development, 
cost associated with these pumps would be substantial. Tbis system 

ting, and procurement of the mixer 

waste in tbe bottom of the tank, i t  is assumed that the 
r ema i~ng  void space in the tank would be filled using 
assumption, gravity filling the tank with a tremie to 1 
only option that wmants further con~ideration. 

~ a f ~ ~ :  There are no safety implications identified for this option. 

f - lev~~ing flowab~e fill. Under this 
p height from a si e locatioii is the 

p ~ r a b i l i ~ :  There would be limited operability issues assoc~a~ed with this t e c ~ o ~ o g y ,  

f tank filling would be minor. 

i th 
this technology. 

ost considera~ions associated with this option are limited to the ope 
associated with mixing and p u ~ n p i ~ g  the grout to the tank. 

The evalnat~on results are presented in the €011 

n Table B.2 for waste stabili~a~ion wet grout delivery to the 
Table B.3 for wast ut delivery to the 
Table B.4 for wet te for bulk tank fill 
Table B.5 for was ut delivery to the tank for 16 

e Table B.6 for was ion wet grout delivery to the tank for 50 
e Table €3.7 for wet grout delivery to the tank for the bulk tank fill 
0 Table B.8 for the waste i ~ o b i l i z a t i o n  dry cernent placement 

Tablc €3.9 for waste stabi~ization wet grout placement. 

e for 165 cubic yards 
e for 500 cubic yards 
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location 

Dry mix placement - hopper 
delivery - central location 

3 I 2 I 3 I 3 I 1 2 1 1 3 1  

Dry mix placement - 
pneumatic delivery - multiple 
locations - edae of tank 

Dry mix plaGement ~ hopper 
deliverv - multit-de locations - 

Dry mix placement - 

pneumatic delivery - multiple 
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Gravity Fill - I location, multiple 4 4 5 5 5 23 
llRS 

Gravity Fill - multiple locations- 

In Tank Mixer Puma 1 3 1  3 I 2  I 1 I 1 1 1 0  ___ 2 --i---li ___I_ _1-.-d --!... 

, . ,... ... .. .- Weighted Scares (factor 1 to 5 - based on relative imporlance to decision) 
. . - . 

Weighting Factor 5 2 I 3 1 3 1  

Gravitv Fill ~ 1 location 1 15 1 65 

Gravitv Fill ~ 1 location, 2 lins I 20 1 8 1 5 I 15 
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.9. ~ a s t e  Stabilization  et ~ r o u ~  - 

Multi Point Injection -High 
Pressure Grout 
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TI 

Based on the scoring completed in Tables B.2 thou 9, the recommeiided grout delivery and 

1. P n e ~ a t i e  delivery from a singleicentral location. 

~ a s t e  S t ~ b ~ I ~ z ~ t i o ~    we^ g r o u ~ ~ :  

1. Grout delivery to the site utilizing concrete mixer trucks 
2. Relivery of the grout to the taiks by pumping the grout t ~ o u ~  a s~ick~iiie to the tar& 
3. Gravity filling the tanks from a single location using a single lift. 

ulk Tank Fill: 

1. A continuous batehiii~iiiixing plant located just outside the tank fm 
2. Delivery of the grout to the tanks by pumping the grout through a slickline to the tank. 

The recommended methods above were conservatively based off of closure of the largest tank, 
241-C-106. Based on these reco~iendatio~is,  it is assumed that the optimal method for closure 
ofthe 241-C fann ZOO-series tanks will occur in similar fashion. The equipment that will be 
utilized for the closure of tank 241-C-106 will already be in place at the time closure operations 
are ~ e ~ o ~ e d  on the 241 -C f m  200-series tanks. 

DOE/E~-0449, SRS Tank Closure, Tanks Focus Area, US.  D e p ~ e n t  ofEnergy, 1999 

Ecology, EPA, and DOE, 1989, I~anfordFederal Facility Agreement and Consent Order, 
as ai~ended~ Washingtoil State Department of Eco~ogy, U.S. Environmen~al Protection 
Agency, and U.S. D e p ~ e i i t  of Energy, Olympia, W a s h ~ n ~ o n .  

Marks ’ S~undard s and book for ~echanlcul  Engineers, 1986, Ninth Edition, McGraw Hill Book 
Company, New York, New York. 

0 ~ ~ - ~ - 2 0 0 0 / 8 ,  2000, U~ilzza~ion of the ~~~* Processfor ~ n ~ T a n ~  Solidc~ca~~o?z of Heel 
M a ~ e r i ~ ~  in ~ a r ~ e - ~ i a ~ e t e r  Cyl~ndrical Tanks, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 

WP-11094,2002, Tank Closure Fill System for the ~ ~ c ~ ~ ~ r ~ ~ e ~  Tank Closure ~ e n ~ o n s t r ~ t ~ o i i  
Level 2 Speci~cu~con, Rev. I ,  CH2M HILL Hanford Group, Inc., Richland, Washington. 
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I ~ ~ O D U C T I ~ ~  

Purpose The purpose of this imaies of the required 
aimow rate through 
during the i n i r o d u ~ i  iosure campaign. 

Smpa The scope of this calcuiation de 
maximum t e m p e ~ ~ ~ e  the tank 
concrete wth a maximum ventil 
strip the moisture from the airs ream prior o 

DESIGN BASIS 
Design Inputs I. ~ ~ l m u m  heat of hydration IS 106.1 wVgm of Type I Portland cement 

(Gonwete T e ~ n o i ~ y  Today. pg, 2) 
2 Critical velodty of clouds and fog is 2 x I O *  d s e c  (ASHRAE, w. 12 3) 
3. General tank m e a s u r e ~ n ~  ( H ~ F . S ~ W M ~ ~ R - 3 1 3 ,  pg. F-12) 
4. ~ ~ i r n u r n  exhauster Rows are 500 and iDoO dm ( W ~ ~ ~ ~ . W ~ - ~ ~ ~ ~ 5 ,  

Rev. 1 pg. 5) 

Determine minimum re~uired flow rate, maximum tank temperature, and 
demister slung. 

1. The tank headsoace ~em~ra ture  wiii be 60°F (near expected wound 

crit&a 

r*ssurnPUa?s 
lernperature). 

2, The QrDut mOtture wiil be i ~ t r ~ u ~ d  lo the tank at approximately 70°F. - 
3 The grout will be introduced to the tank wet. 
4. The ma~mum heat generated with the grout mixture occurs over the first 

72 hours after i n~odu~on .  
5 C ~ n ~ e f f a ~ v e  case that 28 day Type 1 Portland cement will be used In the 

grout mixture which provides most heat of h y d ~ a ~ o n  
5. The ~ ~ a ~ ~ e  tank a ~ s p h e ~ c  conditions are at m ~ i m u m  headspace 

temperature dunng cunng erne and et 100% relame h u m i ~ i ~  b a ~ u s e  Of 
the water mtent  in the grout 

7, The tank is fully empty at the ~ n n i n g  of grout i n ~ ~ u ~ ~ o n .  
8. Cascade iines from Ct0S to C-306 are plug and prov~de n5 i n ~ ~ a t i o n  
9. Heat gene~ted during grout curing is 

sensible heat. 
I O .  Ma~mum concrete p 

uted to all latent heat with no 
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R ~ E ~ ~ ~ C E ~  enfs for Poriable ~ ~ a ~ s f e r  
/i Rev. I, W e s t i ~ h o u ~ e  

3. ASHRAE, Funda iP edition, 1997. 
4. R o b e r s o n / ~ r o ~ e ~  erhg Fluid ~ e c ~ a n i c s ,  3* ec'itm, 1985 
5. Concrete Tectmology T ~ Q ,  Portland Cement. Concrete, and Neat of 

~y~rat ion ,  Vol, 18, No. 2, Jidy, 2997 

Hand ~ i & ~ l a ~ i o n ~  using  math^^^, utilizing known formulas and basis 
E S ~ ~ ~ i S ~ d  in AStiRAE F u n ~ ~ e ~ ~ l s  and ~ ~ c h a n ~ i  ~ n ~ ~ n e e r i ~  
refmnces. 

In order b maintain visibility dudng gro 
mi~imum air wbdty in the tank headspace! to remove fog possibly generated 

~~H~~~ 

RESULTS AND 
C~~CLUSIONS 

n t r o d u c ~ n  into tank C-106, the 

I 

.space amperaurn 

wlth pressure infe 

v e n ~ l ~ t ~ o n  may provide too much vacuum and start ~ h a l l e n ~ i n ~  the structural 
i n t e ~ r i ~  af the kittom 0i the tank. The project may have to rely on passive 
venti~ation unfil the first inch M two is distribu~d across the bottom ofthe tank. 

AppC-0211 c-3 February 11,2003 
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1.0 P R O ~ L ~ ~ :  Determine the wnt!hation flow rate io remove a iog generated during ihe closure process 
where warmer gmut mixture wiil be addad (5  a cool tank atmosphere Also detemlne 
ihe amount ~ ~ ~ t ~ i ~ ~ ~ ~  fiau rate m order io maintain the tank headspace tempe~iure 

~ ~ p m x ~ t a l y  60 dag F during the curing pro 

Assumad Tank H~ad~pace T ~ m p ~ ~ t u ~  (naar %@ltbnum ground 
Thsadspm'" 604P t e m p e ~ ~ e )  

PU R o ~ ~ ~ ~ ~  Table A-5 
Waier Dennuty at 7OoF 

Pa Density at 604 
P,,, .- 

AppC-0211 c-4 February 11,2003 
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3 2  A m n = 2 G 5 7 x  10 A 

Bank = v, b c t i o n  

Required flow through tank to move aerosol fog from the tank 
headspmce 

3 2 ~ ~ t e ~ ~ " ~  the amount of water vapor enttained into the air stream leaving the tank for demister sking 

~ ~ : ~ ( , ~ ~ ~ ~  
WatEi*air:" 

Mucmurn Flawrate of 500 cfm ExhausterS 
( ~ H C ~ ~ R . ~ ~ ~ R B ~ R ~ 5 ,  Rev. 1 PB. 5) 

Cement Heat of Hydrat'm Type I Cement (Concreta 
Technology Today, Vol $8' No 2. w 2) 

Cal 
L : m  106 1.- 

gm 
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6 q=7019x  10 B?U 

3 3 2 Geteimlne TanR Headspace T@mwraiure ~axlmum given an Exhausier with M ~ ~ u r n  Flaw 

C-7 February I?, 2003 AppC-0211 
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3 5 3 Deternine the amount of water vapor to be removed from tank headspace after the grout IS poured and 
setting up 

~d~~~ ~ ~ 1 ~ ~ ~ 0  

The amount of vapor baing remuvt.il from the tank wlth the 
headspace at 104 3 des F and 100% RW wnh 500 cfm 

m d ~ ~ f l ~  = m&tair;AW 

The anwunt of vapor being r ~ ~ o q e d  from Ihe tank with the 
headspace at 88 6 deg F and 1W% RH with ZOO0 Cfm 

4.0 ~ ~ ~ ~ L V S ~ ~ N ~  In order io mainiaiil visibility during grout i ~ o d u ~ i o n  into tenk C-106, the rninrrnum 
air velonty m Ihe tank headapace to remove fo8 Passlbiy generated during tha! 
&v@ MR be achieved with air flows above 80 cfm. The portable ~ h ~ u ~ t ~ f f i  
available io the prop& can exhaust up io 500 cfm or $000 chn At these flow rates 
the internal tank  tern?^^^^ may get as high as 104 ar 89 d e s  F, respecbvely 

Bm of tha grout gwen a m ~ e n i  gmund ~ e m ~ ~ t u r e s  as an lnttial 
n for the tank h e a ~ p ~ e ~ ~ p e r a ~ ~ e ~  At there 

exhauster and s u b s ~ ~ e ~ t  mist ~ ~ i r n i ~ ~ t o ~  will need to remuve 92 
vapor &i that ~ ~ p e r a ~ u ~  

AppC-021’1 C-8 February 11,2003 
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gallons. T h i s  volume will be 

~~g void space within the tank wi1 
Heat pwm&ion from both the decay heat and from the hurt of hydration of the grout will Iwd to an e l ~ a ~ e d  
t ~ ~ ~ e  p&Ie in the tank and se din^ soil. The purpose oftbiz andpis i s  to detmine two steady 
state t ~ p e r s ~ e  proWes for 241 C-106. The analysis i s  m in two load cases. The fErst load case includes the 
heel only (Phase 1)- the sewad laad case includes the heel and ~ s ~ n ~  p u t  fin (Phase 2). 

B low strength grout ~ a b i l j ~ ~  ~ ~ t ~ a l  (Phase 2). 

ealculsted for thebeel. 

Canver&, hest per pound o ~ ~ ~ t  
Total merit 
TOM hear g ~ B ~ ~  UVB 28 days 

= 171 BtuiIb 
75 Ib ~ ~ ~ y ~ d  x 1 

171 BNnb x 1 
= 12375 lb ~~i 
2.1 16Ei6 Btu 

Heel H y ~ t i o n  Heat Rate 2 . ~ 1 ~ E % ~ ~ 2 8 ~ 2 4 ~ = 3 1 4 9  

as 11 inches below the inside of &e h 

The depth &om the 
of f iU up to the ham& or 74,708 d or 2767 
Total ~~t 
Total heat  bat^ aver 28 days 

150 Ib ~~~d x 2767 

Fill H y ~ a t i ~ ~  Heat Kate 
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NOV 26 2042 
i1:2a:16 
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'Through u dl ieuipcnrurc grJdier.rr are shown in Figure 4. The l ~ g e s i  p d i e n c  is in the dome un.1 is 4.5"F 
Note dw ihc p"k ~irucriiiill wiicrcle tcmprrarure of 119.6'F Iixated iit thc butfom in the center. 
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M e r  ~ e v ~  itemtiom, a second Phase 2 was m with a Ell depth of 22 inches. Note the peak t ~ ~ ~ e  in 
thho SDU~ for the steady state solution is las than 200°F. The peak t ~ p ~ ~ ~ e  ~ ~ 2 0 3 ~ ~  DEW in &e waste. 
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Nay 26 2062 
la: 58: 07 
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MATERIAL PROPERTIES 
BASELINE THERMALCOLT’LE DATA 

REVIEW HANDCALOULATIO~S 



P 
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x 
E t ~ ~ S ~ ~  

0.087 
0.12 
0.025 
0 048 

0 030 

0.022 
0.031 

a am 
0 021 

0 15 
0.26 

0 06 
0. 
0. 
a. 
0. 
0. 
0. 

0. 
0.95 
0.88 
0.84 
i.k9 
0.82 
0.98 

0.54 
0.70 

" 0.45 
0.40 

0.20 
0.60 

-0.20 
-1.5 

0.12 
0.20 
0.06 
0.14 
1.w --"- 

531 

L 
,~~~ 

0.25 

OM 
.... 

0.21 .... 
i... .,.. .... 

. r . ,  .... ..._ .... .... .'.. 
0.48 

0.20 

0.20 . . .~  ...* .... 
0.20 

0,2 
0,22 

.. 

.... .... 
a,p4: ,... 
0 -57 
0 57 
0.67 
0.67 
O,* 

30 
96 
LO 

14 

28 

1.5 

8.5 

8.2 

27 

i a  
17 
17 

76 

1 

f 
304 

2p6 

194 
l'i# 
170 
105 

95 
100 

.*.. 
*... '. 
51 
51 
31 
81 
57 

II 
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A s  an a l terna~~e ~alculatio~ io the ANSYS model, a simple hand calculati~n was 
pe~omed. The ~ e ~ p e r a ~ u ~ e  d i s ~ ~ b u ~ ~ o n  for Phase 1 

themat circuit. A o n e ~ ~ i m e ~ ~ i  
uKs to the 20 FEA model. Add 

~ e ~ e ~ ~ ~ ~ n  is assumed to be uniform over the &tom o 
pooled in the center 

The peak ~emperature at the heel is 92”F, which is ~ e a ~ n a b l y  close to the 
It for the Phase ? load case. 

AppC-02’11 c-39 February 11,2503 
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G%ome~ ~ a ~ d u ~ i v i l y  Convection Emissiviiy 

I 
R*m:= 1 1 
+7 

I BTU 
Q .- = 506.278- 
gn 18 hr = 18.33 

%mvn 
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Weal Transfer down 
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