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Subject: 
Date: 
Location: 

FEMP Silos Project, Path Forward Decision 
December 12 & 13, 1996 
FEMP Alpha Bldg., Fernald OH - 

8:OO Opening / Review of Objectives 

8:30 Open Actions from Last Meeting 

Update of VITPP 

9:15 Decision Analysis Approach 

11:30 Lunch 

12:oo Commitee Report: Description of Alternatives 

1 :30 Committee Report: Technical Issues 

3:OO Committee Report: Cost & Schedule 

4: 30 Meeting Concludes 

8:OO 

8:15 

8:45 

9:45 

1o:oo 

11 :30 

12:oo 

1 :oo 

2:oo 

3:OO 

Opening 

Committee Report: Regulatory 

Committee Report: Funding & Waste Site Availability 

Break 

Committee Report: Health & Safety 

Lunch 

Open Discussion 

Assignment of Roles & Responsibilities 

Meeting Assessment I Path Forward 

Meeting Concludes 

R. Heck 

D. Paine 

L. Merkhofer 

0. Paine 

H. Robertson 

M. Connors 

D. Paine 

T. Hagen 

T. Hagen 

P. Fisk 

L. Merkhofer 

L. Merkhofer 

L. Merkhofer 



FEMP Silos Project 
Path Forward Decision 

December 12 & 13, 1996 Meeting 
Attendees 

lndeoendent Review Team 
Gail E. Bingham, consultant 
Gilles Chevrier, NUMATEC 
Robert Cook, consultant 
Jim Edmondson, consultant 
Bob Lawrence, WVNS 
Todd Martin, HEAL 
John Plodinec, WSRC 
Bob Roal, consultant 
Ben Smith, consultant 

Decision Analvsis Support Contractor 
Lee Merkhofer, Applied Decision Analysis, Inc. 

Fluor Daniel Fernald 
John Bradburne 
Mike Connors 
Doug Daniels 
Mark Dehring 
Yvonne Gale 
Terry Hagen 
Bob Heck 
Rick M a s h  
Richard L. Maurer 
Dennis Nixon 
Don Paine 
Harry Robertson 
Jeff Stone 

Jeannie Foster 
Jill Oligee 

DOE-FN 
Nina Akgunduz 

.Jack Craig 
Glenn Griffiths 
Johnny Reising 
Gary Stegner 

FRESH 
Lisa Crawford 
Vicky Dastillung . 

Citizens Task Force 
Gloria McKinley 
Doug Sarno 
Gene Willeke 

FATLAC 
Robert Tabor 
Rick Wilson 

Buildina Trades 
Lou Doll 

U.S. EPA-V 
Gene Jablonowski 
Jim Saric 

Ohio EPA 
Kelly Kaletsky 
Tom Schneider 

Others 
Marc Fioravanti, IEER 
Ben Rusche, MTR Inc. 
Silos Project File 40000 
Fernald Public Reading Room 
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OU4 FEASIBILITY STUDY 

Vitrification 

Silos 1 and 2 
8,890 yd3 

Vitrification n 
V 

Monoliths 
3,645 yd3 

a 

-59% 

f-(I +57% 
Packaging 
4 ' x e x e  
Whlte Metal Box 
Shielding 

a 

Total Dispaaal Volume 5,720 y 8  
(2,412 coWm wlth oxtwn8I volum of 64 cubk n) 

VITRIFIED SILOS 1 AND 2 DISPOSAL VOLUME BASED ON 
OU4 FS Vitrification 
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OU4 FEASIBILITY STUDY 

Cement Stabilization 

Packaging 
4 ' X 4 ' X C  
White Meel Box 
Shielding 

Silos 1 and 2 
8,890 yd3 

Stabilization 

V 

Monoliths 
23,903 yd3 

a 

+I 69% 

F f l + 4 9 %  
2 ......................................... ....... 

a 

Total Disporel Volume 35,580 y@ 
(lS,oOe cont.lnon w(th ut.mrl volumm of 64 cubk ft) 

CEMENT STABILIZED SILOS 1 AND 2 DISPOSAL VOLUME BASED ON 
OU4 FS Cement Stabilization 



OU4 FEASIBILITY STUDY 

4' x 4' x 4' 
White Metal Box 
Shielding 

, .. .. . . ... .. ... ..... . ....... ......... .. .. ... 

*' 

Vitrification - 
. .. ... . 

Silo 3 
5,100 yd3 

-62% a Vitrification 

Monoliths 
1,935 yd3 a 
a 

+57% 

Total Disposal Volume 3,040 ye 
(1,282 conrrimn wlth utrnul volunw of 04 cubk n) 

VITRIFIED SILO 3 DISPOSAL VOLUME BASED ON 
OU4 FS Vitrification 

6 3 4  



OU4 FEASIBILITY STUDY 
Cement Stabilization 

Silo 3 
5,100 yd3 

Stabilization 

Packaging 
4 ' X 4 ' X 4  
White Metal Box 
Shielding 

Monoliths 
7,894 yd3 

+57% 

a 7 0  
3 

_... .......... .... ... ........ .. .. ... . ... .. .. .... ..... ..... .. 

Total Disposal Volume 12,390 ye 
(4,- conblnon with oxternd volunn of 64 cubic lt) 

STABILEIED SILO 3 DISPOSAL VOLUME BASED ON 
OU4 FS Stabilization 
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SILO 3 ALTERNATIVES REPORT 

Vitrification 

Silos 1 and 2 
8,890 yd3 

Vitrification -28% 

Gems 
6,386 yd3 

a 

a 

Packaging - 
4.5 x - 6  x s 
Reinforced Concrete Steel 
Shielding 

Total Obpoaal Volume 20,000 y& 
(4.038 conhlm wlth oxbrrul volumr of 131 cubk n) 

VITRIFIED SILOS 1 AND 2 DISPOSAL VOLUME BASED ON 
Silo 3 Report Vitrification 



SILO 3 ALTERNATIVES REPORT 
(Series C Glass Formulation) - 

Silo 3 
5,100 yd3 

-59% 3 Vitrification 
Silo 3 residues/ 
additives are vitrified 
separate from Silos 1 
8 2 residues. 

Gems 
2,100 yd3 a 

i!’x4‘xTHatfHeight Packaging (1---11+30% 
........................................................ .... .. 

White Metal Box 
Shielding .... 

Total Dkposal Vdume 2,737 y& 
(1,320 contrlnon wlth ratamal volum Ot I cubk ft) 

VITRIFIED SILO 3 DISPOSAL VOLUME BASED ON 
Series C Glass Formulation in Silo 3 Report 



J .. 
't 

SILO 3 ALTERNATIVES REPORT 
(Series D Glass Formulation) 

Silo 3 
5,100 yd3 

Gems 
2,273 yd3 

Packaging 
4.5 x 6' x s 
Reinforced Concrete Steel 
Shielding due to blending Silo 3 
with residues from Silos 1 and 2 
during vitrification 

..... ..... 

+208% 
.............., 

a 
Total Dkporol Volume 7,000 y 8  

(1.437 containem wlth oxtomrl volunm af 131 cubic ft) 

VITRIFIED SILO 3 DISPOSAL VOLUME BASED ON 
Series D Glass Formulation in Silo 3 Report 



SILO 3 ALTERNATIVES REPORT 
Cement Stabilization 

Silo 3 
5,100 yd3 

n a +I9% 
Sta bi I ization 

Monolith 
6,088 yd3 a 

White 4' Packaging x 4' x Metal 7' Full Box Height -0 +48% 
Shielding ._____.___.____._._.__._._____ .. .. ................ .. .. . ... .. .. 

Total DQpoaal Volume 8,960 yCr 
(%la conblrm WMl urtrrnrl volume at 112 cubic n) 

CEMENT STABILIZED SILO 3 DISPOSAL VOLUME BASED ON 
Silo 3 Report Stabilization 

000099 



P .  ! .  1 6 3 4  INDEPENDENT EVALUATION TEAM STUDY 
Cement Stabilization 

Silos 1 and 2 
8,890 yd3 

a 
Packaging 
6.25’ x 3.2’ x 4.25’ 
Reinforced Con- Sted 
Shielding 

a 

CEMENT STABILIZED SILOS 1 AND 2 DISPOSAL VOLUME BASED ON 
Independent Evaluation Team Cement Stabilization 



RADON BALANCE FOR THE 1 MT/D 
VITRIFICATION PILOT PLANT 

August 20, 1996 

Fernald Environment Management Project 
Fernald, OH 



L 

1.0 ABsTRAm 

A radon balance has been developed for the Vitrification Pilot Plant Phase I1 operations at a production 
rate of 1 metric tonne per day. A BASIC computer program calculates the radon contribution from the 
silo material as it flows through the process to be 4.05.10'0 pCi/hr. The balance shows that 2.4.1OLo 

pCi/hr of radon is introduced to the carbon bed treatment system. Depending on the performance of the 
carbon beds, 1.9 1 . 1  Ol0 pCi/hr'- 7.33.1 On pCi/hr of radon is predicted to flow out of the stack at 

concentrations of 1120 pCiA - 43 pCi/l respectively. In addition, -2.O1OL0 pCi/hr of radon decays as it 
moves through the process and 1.5109 pCi/hr is removed in the glass stream. The balance does not 

account for any diffusion of radon through the water andor slurry in the tank vessels; therefore, the 
amount of radon going into the off-gas system is artificially high. 

I 

c 
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2.0 CALCULATIONAL FOUNDA "IONS 

2.1 Assumptions for the Radon Balance 

+ Henry's Law is used to distribute radon between air and water phases. This results in a 
radon air-water distribution coefficient with units of IbAb (lb,,/lb&). 
Radium concentrations per November 1993 Remedial Investigation Report + 

2.2 Basis 

+ Pilot Plant Operating Conditions: 
. Assume material balance flow rates necessary to produce 1 MT per day of glass 
Recycle Water Tank typically contains 2400-2700 gallons = 2 1,500 Ibs H,O 

. Slurry feed tanks contain 529 gallons composed of 6owto/o solids = 2880 Ibs 
H20, 4320 Ibs residue 

. Thickener contains 15 MT (33,000 Ibs) residue and 155,130 Ibs H,O for a total of 
20,000 gallons of water and solids (-2 1 wt% solids composition) 

- Furnace has 4050 Ibs of residue 
Stack has a volumetric flow rate of 10,000 cfm and carbon beds have a 
volumetric flow rate of 340 cfm. 

+ The residues to be processed consist of Silo 2 and bentonite. 

2.3 Methodology 
The radon balance is one part of the overall material balance for Phase I1 of the Vitrification 
Pilot Plant operating at 1 MT per day. A series of programs written in BASIC language conduct 
the balance in the following order. A glass formulation program is run that determines the type 
of material that will be processed and its corresponding radon emanation rate, based on the 

radium concentration, as it flows through the Pilot Plant. A program to determine the radon 
source term in the specified silo is run next. The resulting information is then fed into the 
material balance program. The material balance program determines all solid, liquid and vapor 
flows except radon based on the overall processing rate desired, temperature and enthalpy data at 
certain pints and composition data. Finally, the assumptions stated above and the information 
from the preceding programs are loaded into the radon balance program for analysis. 

2 
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I Vessel Generation Rate 1 
silo 1.435E+10 pCi/hr 

Thickener 2.213E+10 pCi/hr 

Slurry Feed Tank 2.075E+09 pCi/hr 

Melter L945E+09 I&& 
Total 4.05E+10 pCimr 

3.0 RADON BALANCE RESULTS 

Vessel 
Silo 
Thickener 
Recycle Water Tank 
Slurry Feed Tank 
Melter 
Sparge Tank 
Quench Tower 

!Gs&QdM 
Total 

a - 

Decay Rate I 
1.429E+10 pCi/hr 

1.741E+08 pCi/hr 

4.538E+06 pCi/hr 
1.175E+06 pCi/hr 
4.843E+08 pCi/hr 

3.915E+05 pCi/hr 

1.221E+03 pCi/hr 
501E +09 to 2.33B +lo DCi/hr 
2.00E+10 to 3.83&+10 pCi/hr 

6 3 4 '  

Thickener 
Recycle Water Tank 
Melter 

Feed Tar& 
Total 

3.1 Radon Generation during the Vitrifcation Process 
A summary of the radon generation in each vessel of the process is shown below. 

2.0728+10 pCi/hr 

1.207E+09 pCi/hr 
6.524E+05 pCi/hr 

20788+09 ~Ci /hr  
2.401E+10 pCi/hr 

3.2 Decay of Radon during the Vitrification Process 
A summary of the radon decay in each vessel of the process is shown below. 

3.3 Radon Venting to Off-Gas System 

A summary of the radon vented fiom vessels in the Vitrification Plant to the off-gas system is 

shown below. 

c 
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, 

3.4 Carbon Bed Performance 

Air Effluent Radon Emuent Stack 
Temperature Kd Concentration Radon Flow Concentration 

- c 
r 
m. 

I (“c) 
34 

0 3 4‘ ‘- 

@CW <m’ncg> win) @Ci/hr) 1 
1 3.29e+O4 1.91etlO 1.118.6 

The carbon bed radon treatment system depends on an absorption coefficient & expressed in 
m3kg or g/l. IC,, is equal to the concentration of absorbed radon per gram of charcoal divided by 
the concentration of radon per liter of effluent carbon bed air. As more radon is absorbed on the 
carbon, there is less that will pass through the carbon bed to the stack. Higher values of IC,, are 
observed as absorption by carbon increases. Studies conducted by Rust Geotech indicate that the 
value K,, can be increased by lowering the temperature of the air passing through the carbon 
beds. The table below illustrate the effect of the absorption process on the incoming air stream 
containing 2.4 1O’O pCi/hr of radon with a relative humidity of 15%. 

4 



4.1 Overall Radon Balance Diagram 
This diagram shows the progression of radon throughout the Vitrification Plant from silo to 
stack. The decay of radon in the Vitrification Plant as well as the generation of radon From 
radium-bearing residues flowing through the process are not shown. 

. 

4.2 Vessel Radon Balances 

An attachment is included that shows the radon balance around each vessel in the Pilot Plant. 
This serves as a supplement to the overall radon balance diagram and verifies the functioning of 
the code. This attachment shows the radon decay and radon emanation from residues that are not 

shown on the overal diagram. 

4.3 Radon Balance Program Output 

The output file generated by the radon balance BASIC program displays all the results and inputs 
for the radon balance. 

5 
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* . 

Radon Material Balance for the VITPP Process. Page 1 
Code name is RADONMB.BAS, and version of 7-26-96 @ 1044 
Run time is 15:42:48 and the run date is 08-1 3-1 996 

Input variables (and identification) from previous calculations. ' 

Radon-residue flux in the silo (SRNI, pCi/hr = 
Radon sorption coefficient (KDI, ml/gm = 

+ From code RADONSl .BAS, version of 2-8-96 @ 1629 
* *  + Calculated on 15:23:21 at 08-1 3-1 996 

1.435E + 10 
0.000E + 00 

Water flow from quench (LW), Ib/hr = 
Water vapor flow in quench off-gas (QW), Ib/hr = 
Water purge from quench bottoms (RF), Ib/hr = 
Water purge from recycle water tadk (RBI, Ib/hr = 
Water flow to the quench (RW), Ib/hr = 
Residue flow from the silo (SRI, Ib/hr = 

.Water flow from the silo (SW, Ib/hr = 
Residue and bento from silos 1 81 2 (S1281, Ib/hr = 
Residue from silo 3 (S3FEED), lblhr = 
Additive flow (ADFEED), Ib/hr = 
Water flow from recycle to slurry tank (RS), Ib/hr = 
Thickener water overflow (TOW), Ib/hr = 
Thickener water underflow ITSW), Ib/hr = 
Water flow to furnace from slurry tank (FWI, Ib/hr = 
Furnace air flow (VOGAI, Ib/hr = 
Glass production rate (GR), Ib/hr = 
Vent temperatures (TFHENRYI, F = 
Quench overhead temperature (TFQVHD), F = 
+ + From code VITPPMB.BAS, version of 7-23-96 @ 081 8 
+ + Calculated at 15:29:53 on 08-1 3-1 996 

18807 
47.5 
0.0 

116.7 
18760 

67.4 
269.7 

0.0 
26.7 

67.4 

26.7 ' 

19009 
67.4 

94.1 
1237.3 
91.77 

90.0 
97.0 

Radon-from-residue in thickener, pCi/lb/hr = 
Radon-from-slurry in slurry 81 furnace, pCi/lb/hr = 4.803E +05 
For glass formulation: Silo #2 C4C-03 w/  bentdnite 
+ + From code GLASS.BAS, version of 7-1 7-96 @ 061 7 
+ + Calculated at 15:11:29 on 08-1 3-1 996 

6.707E+05 



Radon Material Balance for the VITPP Process. Page 2 
Code name is RADONMB.BAS, and version of 7-26-96 @ 1044 
Run time is 15:42:48 and the run date is 08-1 3-1 996 

Input variable (and identification) list: 

1. Slurry tank air vent rate (AF), Ib/hr = 
2. Silo air vent rate (AS), Ib/hr 0.0 
3. Thickener air vent rate (AT), Ib/hr = 68.0 
4. Recycle h20 tank vent rate (AR), Ib/hr = 68.0 
5. Radon air-h2o dist. coeff. (HR), Ib/lb = 4499 (vents at 90.0 F) 
6. Radon air-h2o dist. coeff. (HRQ), lbAb = 4499 (quench at 90.0 F) 
7. Radon-on-solid sorption constant (KD), lbnb = 0.0 
8. Air mass in quench (QV), Ib = 2.8 
9. Water mass in quench (QL), Ib = 50.0 
10. Air mass in the recycle tank (RR), Ib = 29.4 
11. Water mass in the recycle tank (RL), Ib = 21 500 

4.5 
13. Water mass in the slurry feed tank (WF), Ib = 
14. Residue in slurry feed tank (FR), Ib = 4320 
15. Air mass in the thickener (VT), Ib = 41.6 
16. Water mass in the thickener (WT), Ib = 
17. Residue mass in the thickener (TR), Ib = 
18. Air mass in the furnace (VHS), Ib = 
19. Residue mass in the furnace (RV), Ib = 
20. Air mass in the silo (VS), Ib = 
21. Water mass in the silo (WS), Ib = 
22. Fraction of solids Rn released in furnace (FRG) = 
23. Radon decay constant (ALAMBDA), l /hr  = 

68.0 (with h20 vapor) 

12. Air mass in the slurry feed tank (VF), Ib = 
2880 

155130 
33000 
3.6 
4050 

2 100.0 
20000 

0.90 
7.500E-03 
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Radon Material Balance for the VlTPP Process. page 3 
Code name is RADONMB.BAS, and version of 7-26-96 @ 1044 
Run time is 15:42:48 and the run date is 08-1 3-1 996 

The 7x7 matrix is: 

2.70€+02 1.88€+04 -3.28€+05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
-7 .13€+04 O.OOE+OO O.OOE+OO 2.70€+02 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 6.74€+01 2.67E+01 -3.06E+05 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 9.41€+01 -1.30E+03 O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO -1.22E+02 
O.OOE+OO -5.80€+06 O.OOE+OO 1.88€+04 O.OOE+OO 1.30E+03 O.OOE+W , 
O.OOE+OO O.OOE+OO 1.90€+04 -3.26E+05 O.OOE+OO O.OOE+OO O.OOE+OO 

c 

B-vector Decay-vector 

-2.21€+10 2.57€+03 
-1.43E + 10 7.10E +04 
-2.08€+09 1:73E+02 
O.OOE +00 2.70E-02 

-1.95E+09 3.04E+Ol 
O.00E + 00 9.49E +01 
O.OOE+OO 1.15E+03 



Radon Material Balance for the VITPP Process. page 4 
Code name is RADONMB.BAS, and version of 7-26-96 @ 1044 
Run time is 15:42:48 and the run date is 08-1 3-1 996 

The calculated radon concentrations are as follows: 

X(1) = 2.013E+05 pCi/lb in the silo water exit, stream #l. 
X(2) = 1.288E +01 pCi/lb in the quench water exit, stream #61. 
X(3) = 6.773E+04 pCi/lb in the thickener water exit, stream #2. 
X(4) = 3.946E+03 pCi/lb in the recycle water tank exit, stream #6 81 #7. 
X(5) = 6.792E+03 pCi/lb in the slurry feed tank exit, stream #35. 
X(61 = 4.900E+02 pCiAb in the furnace off gas exit, stream #4. 
X(7) = 1.593E+07 pCiAb in the glass product exit, stream #37. 

Radon balances around the vessels: 

Thickener radon input, pCi/hr = 
Thickener radon output, pCi/hr = 
Radon decay in the thickener, pCi/hr = 1.738751E+08 

2.21 8694E + 10 
2.21 8694E + 10 

Silo radon input, pCi/hr = 
Silo radon output, pCi/hr = 
Radon decay in the silo, pCi/hr = 

1.434677E + 10 
1.434677E + 10 

1.429249E + 10 

Slurry feed tank input, pCi/hr = 
Slurry feed tank output, pCi/hr = 
Radon decay in the feed tank, pCi/hr = 1.1 77991 E +06 

2.079672E +09 
2.079672E +09 

Vitrification furnace input, pCi/hr '= 1.945952E +09 
Vitrification furnace output, pCi/hr = 1.945952E +09 
Radon decay in the furnace, pCi/hr = 4.837710E+08 

Quench input, pCi/hr = 
Quench output, pCi/hr = 
Radon decay in the quench, pCi/hr = 
Purge at the quench, pCi/hr = 

7.4671 86E +07 
7.4671 86E+07 

0.000000E + 00 
1.221 381 E +03 

Recycle water tank input, pCi/hr = 
Recycle water tank output, pCi/hr = 
Radon decay in the H20 tank, pCi/hr = 
Purge at the recycle tank, pCi/hr = 

1.287500E+09 
1.287500E+09 

4.551 131E+06 
4.605207E +05 

c 
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Radon Material Balance for the VITPP Process. 
Code name is RADONMB.BAS, and version of 7-26-96 @ 1044 
Run time is 15:42:48 and the run date is 08-1 3-1 996 

Page 5 

Radon air-vent flows to off-gas treatment. 

Radon-silo vent flow, pCi/hr = 
Air-phase Rn concentration, pCi/lb = 

0.000E + 00 
9.055E +08 ( 2.308E +06 pCi/L) 

Radon-thickener vent flow, pCi/hr = 2.072E + 10 

Radon-slurry-feed-tank vent flow, pCi/hr = 2.078E + 09 

Radon-recycle-h2o-tank vent flow, pCi/hr = 1.207E + 09 (air) 

Total radon in the vents, pCi/hr = 
Total air-vent flow rate, Ib/hr = 204 ( 47 ftA3/min @ 90 F) 
Radon concentration in total vent, pCi/L = 

2.401E+10 

2.995E +05 

Radon exiting in quench gas flow, pCi/hr = 
Radon exiting in product glass, pCi/hr = 
Radon in the quench water purge, pCi/hr = 
Radon in the recycle water purge, pCi/hr = 

7.443E+07 (overhead) 

0.000E+00 
1.462E +09 

4.605E + 05 

Calculate a TOTAL radon balance around the process. 

Total radon decay, pCi/hr = 
Total radon flow out, pCi/hr = 
Total radon out, pCi/hr = 

1.495587E + 10 
2.554257E + 10 

4.049844E + 10 (must balance) 

Total solids in system, Ibs = 
Radon from solids, pCi/hr = 
Radon from the silo, pCi/hr = 
Total radon source, pCi/hr = 

41 370 (no silo mass) 
2.615273E+10 
1.434571 E + 10 
4.049844E + 10 (must balance) 

Intermediate Radon/Off-Gas Treatment System Information: 

Radon exiting in the quench gas flow, pCi/hr = 
Radon exiting in the loop purge flow, pCi/hr = 
Radon exiting in scrub purge flow, pCi/hr = 
Scrubber water purge flow, Ib/hr = 
Radon exiting scrubber overhead, pCi/hr = 
Radon conc. in scrubber overhead, pCi/lb = 
Loop water purge flow, Ibhr = 
Combined purge flows, Ib/hr = 
Radon conc. in the combined purges, pCi/lb = 
Minimum strip air for combined purges, Ib/hr = 
Radon conc. in the minimum strip air, pCiAb = 
Radon flow in minimum strip air, pCi/hr = , 

7.443E+07 (to scrub) 
4.605E+05 (aqueous) 
2.067E +03 

7.443E +07 
5.793E+04 

1.605€+02 

1.167E+02 
2.772E +02 

1.669E+03 
6.161E-02 
7.508E+06 

4.626E +05 (small!) 

Total Radon to off gas = 2.408E+ 10 pCi/hr a t  1.617E+07 pCi/lb 
in a gas flow of 1.489E+03 Ib/hr, pending a scrubber design. 
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Input list for the radon-strip balance. 

1. Radon strip tank temperature, degrees F 
2. Dryer tank temperature, degrees F = 
3. Dryer tank exit relative humidity, % = 
4. Dryer tank gas volume, ftA3 
5. Dryer tank liquid volume, ftA3 
6. Radon strip tank gas volume, ftA3 = 
7. Radon strip tank liquid volume, ff 3 = 
8. Radon strip tank clean air feed, acfm = 
9. Clean air pressure, psig = 
10. Clean air temperature, degrees F = 
11. Clean air humidity, Ib h2oAb air = 

= 140.0 
98.0 

15.0 
60.0 
10.0 

85.0 
85.0 
0.70 

100.0 
15.0 

0.0010 

Input summary from previous calculations. 

Loop aqueous purge flow, Ib/hr = 
Scrubber aqueous purge flow, Ib/hr = 
Scrubber gas flow, Ib/hr = 
Total radon flow in aqueous, pCi/hr = 
Vent gas flows, lblhr = 
Total gas flow to dryer, lblhr = 
Total radon flow (in gases), pCi/hr = 
Fraction of total radon in aqueous flow = 1.92E-05 

116.7 @ 3.95E+03 pCi radontlb. 
160.5 @ 1.29E +01 pCi radon/lb. 

1284.8 @ 5.79E+04 pCi radonnb. 
4.63E +05 (in aqueous purges) 

204.0 @ 1.1 8E +08 pCi radonnb. 
1488.8 @ 1.62E+07 pCi radonnb. 

2.41 E + 10 (in vents & off gas) 

Calculated parameters and results. 

Total vent air (dry) flow to dryer, Ib/hr = 
Water vapor in vent flow, Ib/hr = 
Dryer exit abs. humidity, lbnb = 0.0059 (1 5%’at 98 F) 
Strip tank exit abs. humidity, lbllb = 0.1521 (at 140 F, mw = 26.8) 
Strip air flow rate, lblhr = 6.02 
Water flow in strip air, Ib/hr = 
Water exiting to the A M ,  Ib/hr = , 323.4 
Water exiting the dessicant bottom, lb/hr = 47.2 
TOTAL water entering the strip tank, Ib/hr = 3.2436E+02 
TOTAL water exiting the strip tank, Ib/hr = 3.2436E + 02 
TOTAL water entering the dryer, Ib/hr = 5.4499E +01 
TOTAL water exiting the dryer, Ib/hr = 5.4499E+Ol 
Radon Henrys Law at the strip tank, lbAb = 
Radon Henrys Law at the dryer, lbnb = 

197.9 
6.1 

0.92 

-7452 (at 140 F) 
4999 (at .  98 F) 

The 3x3 matrix equation is: 

1.4957E+O3 -5.1724E+04 0 .0000E+00 
1.4957E + 03 0.0000E + 00 -7.2476E + 06 0.0000E + 00 (dryer) 
0.0000E + 00 -5.2378E +04 4.71 62E + 01 

2.4081E+lO (mix doint) 

-4.6259E + 05 (stripper) 
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Calculated radon concentrations follow: 

Radon,conc. in the off-gas to the dryer, pCi/lb = 
Radon conc. in the strip-tank h20 exit, pCiAb = 
Radon conc. in the dryer bottom water, pCi/lb = 

1.610E+07 
1.1 82E +01 

3.323E+03 

Radon balance information follows: 

Radon entering the strip tank, pCi/hr = 
Radon exiting the strip tank, pCi/hr = 

. Radon decayed in the strip tank, pCi/hr = 

6.1 929E +05 
6.1 929E + 05 (w/ decay) 

3.9 1 49E + 03 

Radon entering the dryer, pCi/hr = 
Radon exiting the dryer, pCi/hr = 
Radon decayed in the dryer tank, pCi/hr = 

2.4081E+10 
2.4081 E + 10 (w/ decay) 

5.481 1E+05 
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Radon adsorption on carbon - parametric analysis. 

Input list for radon adsorption on carbon analysis: 

1. Carbon bed volume, ftA3 = 1350.0 
2. Carbon bulk density, Ib/ftA3 = 29.3 
3. Carbon bed void fraction = 0.40 

5. Highest radon-carbon Kd to  investigate, mA3/kg = 15.0 
4. Lowest radon-carbon Kd to  investigate, mA3/kg = 1 .o 

6. Number of Kd's to investigate = 10 

Input summary from previous calculations: 

Off-gas volumetric flow rate, ftA3/hr = 
Radon concentration from the dryer, pCiAb = 
Radon concentration from the dryer, pCi/ftA3 = 
Radon concentration from the dryer, pCiAiter = 
Residence time (empty bed), hour = 
TOTAL radon flow into the carbon bed, pCi/hr = 

20421 (w/ h20 vapor) 
1.661 E +07 (in the gas) 
1.179E +06 

4.1 58E +04 
0.066 

2.4080E + 10 (must = out) 

Radon-adsorption as a function of the adsorption coefficient, Kd: 

Kd C/Cz Q Sorbed Exit Radon Flow Out Decayed TOTAL Out 
mA3/kg out/in pCi pCi/liter pCi/hr pCi/hr pCi/hr 

1 .00- 
2.56 
4.1 1 
5.67 
7.22 
8.78 
10.33 
11.89 
13.44 
15.00 

7.92E-01 6.67E +-1 1 
5.51 E-01 1.44E + 12 
3.84E-01 1.98E + 12 
2.67E-01 2.35E + 12 
1.86E-01 2.61 E + 12 
1.30E-01 2.79E + 12 
9.02E-02 2.92E + 12 
6.28E-02 3.01 E + 12 
4.37E-02 3.07E + 12 
3.04E-02 3.1 1 E + 1 2 

C/Ct is the ratio of the exit radon 

3.29E+04 1.91 E +  10 5.01E+09 2.4080E + 10 
2.29E + 04 1.33E + 10 1.08E + 10 2.4080E + 10 
1.60€+04 9.25E+09 1.48E+10 2.4080E+10 
l . l l E + 0 4  6.44E+09 1.76E+10 2.4080E+10 
7.74E+03 4.48E+09 1.96E+10 2:4080E+10 
5.39E +03 3.1 2E +09 2.10E+ 10 2.4080E + 10 
3.75E+03 2.17E+09 2.19E+lO 2.4080€+10 
2.61 E +03 1.51 E +09 2.26E + 10 2.4080E + 10 
1.82E+03 1.05€+09 2.30E+lO 2.4080E+lO 
1.27E+03 7.33E +08 2.33E+ 10 2.4080E + 10 

concentration to the inlet. 
Q Sorbed is the quantity of radon ON the carbon. 
Exit Radon is the exit-radon concentration in the off gas. 
Kd units of mA3/kg are equal to liter/gram. 
TOTAL Out includes decay. 

\ 



IRT Action Statements 

6 3.4 

1. The current baseline does not support enough design activity to assure the continuity of talent 
necessary to capture the lessons learned from the vitrification pilot plant. More resources must be 
devoted, including specialized outside consultation and design peer review, taking advantage of 
active vitrification projects within the DOE complex. 

2. It will be necessary to re-baseline the OU4 project to move retrieval design .and process testing 
up to a higher priority. There is a great deal of uncertainty in this area and confidence in the 
retrieval system is vital to the success of any remediation alternative. 

3. The scheduling basis for OU4 activities relies on unrealistically optimistic assumptions. 
Realistic scheduling in all activities including design, regulatory processes, and construction is 
critical to project success. 

Other issues discussed: 
how IRT can provide cogent (team) input 
what is desired form the IRT? 
importance of capturing technological risk 
team only meetingddiscussions 
“time-outs” to allow IRT to produce action statements 
IRT direction for information flow 
need to transfer collective IRT wisdom 
obtain lessons learned from projects at other sites 
importance of how you organize base outcome 
possible points for early agreement 

proceed with vit. of silos 1 and 2? 
proceed with cementation of silo 3? 

importance of programmatic considerations 
desire for IRT comments in cost and schedule estimqtes for A t .  I1 
priority of wrt (waste retrieval) 
desire by stakeholders to know how and why 
is cementation a less safe waste form? 
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Fluor Daniel Fernald 
P. 0. Box 538704 
C h c i ~ M i .  OH 45253-8704 

DATE: November 6, 1996 

634 

FACSIMILE LEAD SHEET 

' No. of Pages: 2 
Including Lead Sheet 

TO: Graham Mitchell, OEPA-SWDO FAX: (51 3) 285-6249 

Tom Ontko, OEPA-SWDO FAX: (51 3) 285-6404 
Tom Schneider, OEPA-SWDO FAX: (513) 2a5-6404 - 
Jim Saric, USEPA FAX: (312) 353-8426 

FROM: Eric Woods TELEPHONE NO.: (51 3) 648-5268 

PROJECT NAME: Fernald Environmental Mgt CONTRACT NO.: DE-AC24-920R21972 

MESSAGE 

SUBJECT: SILO 3 CONSENSUS STATEMENT . 

Attached is the revised Silo 3 Consensus Statement with both U.S. EPA and Ohio €PA 
comments incorporated. Please call with questions. 

Thanks. 
t 

W EW :m hv 
Attachment 

c: Terry Hagen, FDF 
Johnny Reising, DOE-FEMP 
File Record Storage Copy 108.13 & 108.14 
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3 COMEJlSUS STATEMENT 

DOE has continued to work actively with U.S. and Ohio €PA concerning the path forward on 
the Silo 3 alternative treatment and for OUJ as a whole. DOE recognizes the regulator's 
position that a final decision on the Silo 3 alternative treatment will not be made until the Phase 
1 Pilot Plant operations are conduded and a subsequent decision is made pertaining to the Silos 
1 and 2 path forward. 

DOE has reached preliminary agreement with U.S. and Ohio EPA on the basis of the alternative 
treatment (Le. stabilization) of Silo 3. That basis is twofold: a) removing Silo 3 from Silo 1 and 
2 vitrification operations significantly reduces uncertainties concerning the technical 
implementation of vitrification for 1 and 2; and b) stabilikation of Silo 3 fully meets the remedial 

- action objectives and presents the opportunity for schedule acceleration of Silo 3 remediation 
when compared to the alternative of vitrifying Silo 3 material only (plus any additives required 
to address the sulfate issue). fhe  Silo 3 Alternative Evaluation Report will be revised to reflect 
this understanding and address other stakeholder comments. The revised Silo 3 Alternative 
Evaluation Report will be a "stream-lined" document to support the treatment of the Silo 3 

e material. 

DOE and the regulators are still actively discussing the regulatory mechanism that would be 
used to implement the Silo 3 alternative treatment. A final decision on this question will not 
be made until the path forward for Silos 1 and 2 is reached. DOE and the regulators will 
continue to work closely with our stakeholders on this issue. 

Finally, DOE and the regulators have agreed that it is appropriate to issue a draft Request for 
Proposal (RFP) for Silo 3 alternative treatment in the near future. Such an action will provide 
valuable information concerning interested vendors and proposed treatment implementation 
strategies. This information is directly relevant for the final Silo 3 decision. All of our 
stakeholders would have an opportunity to review and comment on the draft RFP. 
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