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3.0 DESCRIPTION OF ACTIVE VENTILATION CONFIGURATIONS
EVALUATED FOR PRACTICABILITY

This section describes the physical properties of ambient air and tank waste that affect the 
evaporation rate from Tank 241-B-109, and the active ventilation technologies, configurations, 
and systems that are evaluated for appropriateness and practicability as an interim leak response 
in this report.  Each configuration described here is then evaluated for practicability under 
defined criteria in Section 4.0, with results summarized in Section 5.0. 

3.1 PHYSICAL PROPERTIES IMPACTING THE PRACTICABILITY OF WATER 
EVAPORATION VIA ACTIVE VENTILATION OF 241-B-109

The removal of water by evaporation from the surface and subsurface of Tank 241-B-109 can 
reduce the quantity of waste that can leak from the tank and, as a result, reduce the hydrostatic 
forces acting on a leak site.

Evaporation of water is a complex function of liquid (water) temperature, air characteristics, and 
the surface area of the liquid (water) available. The rate of evaporation is directly proportional to 
the difference in vapor pressure between the liquid exposed to the air and the water vapor in the 
air, and it is also affected by the rate that heat is transferred to the waste. Heat provides the 
energy necessary for evaporation, and the difference in vapor pressure provides the driving force 
to lift the water from the liquid surface into the air. Therefore, the highest evaporation rates occur 
when the water surface is warm, the air is dry, and when air travels rapidly and turbulently across 
the water surface (see The Dehumidification Handbook, pp 70-71). Additionally, the amount of 
evaporation can be limited by the temperature of the air as warmer air can “carry” more water 
vapor when saturated.

Given these parameters, a properly designed active ventilation system may be capable of 
evaporating water from the waste, but the relative effectiveness of evaporation (i.e., the speed of
evaporation) differs depending on the system configuration which is deployed. Several active 
ventilation configurations are defined for study, to understand the effects different designs would 
have on the rate of evaporation. For example, the analysis in Attachment 4 examines three 
downcomer configurations to determine the effect each configuration would have on the velocity 
of the air at the waste surface, and, hence, on the rate of water evaporation from the tank.

Since evaporation occurs at the free liquid interface between the air and the liquid water, larger 
pool surface areas (i.e., pools of supernatant liquid) result in higher evaporation rates. The most 
recent observations of the waste surface of 241-B-109 (recorded February 5, 2021) show the
exposed liquid surface area is estimated to be less than 5 percent of the total waste surface (see 
RPP-RPT-58534, Derivation of Best-Basis Inventory for Tank 241-B-109 as of September 1, 
2021 and Figure 3-1). Therefore, the majority of the water subject to evaporation in 241-B-109 is 
contained in the interstitial pores of the saltcake layer and the subsurface sludge layer1.

                                                
1 “Saltcake” and “sludge” describe two varieties of solid waste that display different physical and chemical 
characteristics. “Supernatant” and “interstitial liquid” describe the liquid above the solid waste surface and the liquid 
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Some of the water-containing liquid in the interstitial pores is classified as Drainable Interstitial 
Liquid (DIL). DIL is defined as the volume of interstitial liquid (i.e., liquid in the pores around 
the waste particles) estimated to drain from a tank if a hole were present in the bottom centerline 
of an SST through both the steel liner and the concrete shell (HNF-EP-0182).

Figure 3-1. Tank 241-B-109 Waste Surface Composite View from Riser 7, Feb. 5, 2021

There are no mechanical or engineered components in this technology to draw liquid to the tank 
waste surface so the water component can be evaporated. Instead, capillary action (i.e., 
“wicking”) is expected to lift some fraction of the tank’s water-containing DIL from below the 
waste surface, exposing it to the effects of active ventilation. This behavior is described in the 
analysis presented in Attachment 1 of this report and in detailed observations of active 
ventilation performance at Tank 241-T-111, as documented in RPP-RPT-59273, Evaporation of 
Water from Single-Shell Tank 241-T-111 with 500 CFM Portable Exhauster POR06.

Observations from actively ventilating Tank 241-T-111 showed that, while evaporation of water 
from the supernatant pool occurred at a higher rate per unit surface area, the majority of the 
water evaporated from the interstitial liquid contained in the sludge (see lesson 10-1 in Section 
10.0 of RPP-RPT-59273). This confirms that interstitial water is removed via evaporation even if 
the waste surface isn’t 100% liquid. 

Since evaporation rate is a function of the velocity of the air across the wet surface, the analysis 
of evaporation rates in Attachment 4 uses computational fluid dynamics (CFD) to model the 
complex air currents formed in an SST dome and predict the velocity of air across the waste 
surface at different ventilation flow rates.

                                                
in between the solid particles, respectively. For more detailed definitions, see the glossary appended to HNF-EP-0182.
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 Portable exhausters are designed with a monitored seal pot to ensure that air cannot 
bypass the HEPA filters.

 Portable exhausters are designed to include a heater upfront to ensure that moisture 
does not damage the HEPA filters.

 Portable exhausters include a continuous air monitor to ensure that emissions do not 
exceed environmental or safety limits. The exhauster is shut down if the emissions 
exceed the limit.

 Portable exhausters are designed to operate automatically and remotely so that 
workers do not have to monitor them continuously, limiting radioactive source 
exposure.

Additionally, non-disturbing waste activities, such as the installation and operation of an active 
ventilation system on 241-B-109, are generally lower risk. 

Operating experience at 241-T-111 did not demonstrate any significant accumulations of 
radioactive particulates in the ductwork, moisture separators, or the portable exhauster filters. 

Each of the active ventilation configurations identified in this paper will meet ALARA 
principles, but some of the technologies discussed may come with slightly increased risk of 
radioactive exposure (see Table 4-5).
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Table 4-5. Qualitative Effects of Active Ventilation Options on ALARA

Technology General Effect on ALARA

Single-Pass Ventilation with 
or without downcomers (no 
preconditioning)

As previously noted, the ability to operate the exhauster without continuous 
staffing and the careful deployment of HEPA filters and continuous air monitors 
to limit radioactive emissions effectively limits the risk to workers and the public.

Single-Pass Ventilation with 
Desiccant Dryer 
Preconditioning

The introduction of a desiccant air dryer, heater, or cooling and heating coil would 
likely result in the introduction of an additional HEPA filter housing to prevent 
any unfiltered emissions. These additions could also result in the installation of a 
supply fan to meet the flow criteria without jeopardizing the allowable vacuum 
limit of the SST. Both of these changes bring with them a slight increase in 
potential exposures because they bring inherent risks (i.e., the supply fan can 
pressurize the tank and push particulates in the tank headspace into the 
environment and the additional HEPA filter will likely accumulate some dose).
However, these risks can be managed by ensuring that the supply fan is controlled 
and interlocked with the exhaust fan in a manner that ensures the headspace of the 
tank is controlled at a negative pressure.

For preconditioning technologies that include a cooling coil, additional entry into 
the farm to remove the condensate would increase worker exposure.

Single-Pass Ventilation with 
Heater Preconditioning

Single-Pass Ventilation with 
Cooling and Heating Coil 
Preconditioning

Recirculation System with
Condensate Recovery

A recirculation system does alter the ALARA considerations since the need for 
HEPA filtration is eliminated and continuous exhaust does not occur (and, 
therefore, does not require monitoring). However, there will be a short run of duct
(after the fan) that will operate under positive pressure (which presents a risk of 
unmonitored and unfiltered leaks) and dose could accumulate on the coils. Also, 
the added operation task of removing and managing the condensate could require 
workers to enter the tank farm at a higher rate than the other technologies 
(depending on the size of the condensate tank, which would affect the frequency 
of condensate removal).
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Containment Train Components CamContain FB Housing 

3 High 

Figure 2 

Section Upstream HEPA 
Test Section Filter Aclsorber 

Section Section 
Downstream 
Test Section 

CamContain FB Housings are available in configurations 
from ½ x ½ (one filter 12" by 12" size) to configurations 
that are 1 filter high x 3 fil ters wide that allow up to three 
24" by 24" filters from a single service door. 

Units may be stacked or connected in series, depending 
upon the airflow requirements and contaminants of concern. 
The housing in Figure 1 shows a stacked unit that is 3 filters 
high by 2 filters wide and includes 3 stages of air filtration. 

In many cases, air filtration standards are required by 
Federal or State mandates, or by recommended practices 
by other cognizant authorities. Every unit clearly identifies 
specific equipment details on a stainless steel label (Figure 
2). The following components assure compliance with these 
mandates. 

Prefiltration 

CamContain FB Housings can incorporate a prefilter 
track to extend the life of the primary filters. Tracks may 
accommodate 2", 4", or 6" deep prefilters. Access to 
prefiltration may be through the same door as the final 
filter without disturbing final filter integrity. A separate door 
may also be provided for prefilter access only. Prefiltration 
efficiency typically ranges from a MERV 7 to a MERV 14 
when evaluated under ASHRAE Filter Testing Standard 52.2. 

Particulate Filters 

Typically the primary filter in a containment system is a 
high efficiency particulate air filter (HEPA). Camfil Absolute 
(HEPA) filters are manufactured under strict quality 
control guidelines. Every filter is tested to ensure that the 
particulate efficiency meets or exceeds the requirements of 

Figure 1 

the application. Particulate filters are available from 99.97% 
on particles 0.3 micron in size to 99.9995% on particles 
0.12 micron in size. All Camfil gel seal filter housings are 
fully welded to create a leak free seal between the housing 
filter mount and filter, thereby ensuring removal of harmful 
contaminants. 

Standard Component Construction 
Stainless Steel Construction 

CamContain FB Housings are completely factory assembled 
and constructed of 11 and 14 gauge, 304;1 and 316/ L 
stainless steel sheet metal options. There are no painted 
surfaces nor use of carbon/mild steel materials. Each 
housing is warranted to withstand 15" w.g. positive or 
negative pressure without failure of the housing to ambient 
air seal or compromise of the overall housing integrity. Each 
housing is tested to this level and test reports are available 
on request. 

Camfil has the ability to custom design housing integrity 
to most operating conditions. Consult the factory for 
specifications related to your application or other non-listed 
material component needs. 

Removable Star-Style Door Knobs 

Each door is secured through the use of four 
threaded studs with removable aluminum 
star knobs. After filter change, the knobs are 
tightened in an alternating pattern to ensure 
an even and secure housing seal. 

www.camfil.com ====-- = 
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Model Designator CamContain FB Housing 

CF-3X3-412 P-3FB-SS 

Number of Filters High 

(height of housing) 

½ =One (1) filter high (half size) 
1 = One (1) filter high 
2 = Two (2) filters high 

J l Housing Sheet Metal Type 

SS = 304/L Stainless steel (standard) 
AS = Aluminized steel 
316/L = 31 6/L Stainless steel -------

3 = Three (3) filters high 
4 = Four (4) filters high 
5 = Five (5) filters high 
6 = Six (6) filters high 

Number of Filters Wide 

½ = One (1) filter wide (half size) 
1 = One (1) filter w ide 
2 = Two (2) filters w ide 
3 = Three (3) filters wide 
4 = Four (4) filters wide 
5 = Five (5) filters w ide 
6 = Six (6) filters w ide 

Prefilter Size 
( depth of prefilter) 

(height and width to match 
nominal dimensions) 

0 = No prefilter 
2 = 2" Deep prefilter 
4 = 4" Deep prefilter 
6 = 6" Deep prefilter 

Primary Filter Size 
(depth of primary fi lter) 

12 = 11 ½" Actual filter depth 
16 = 16" Actual filter depth 
18 = 18" Actual filter depth 
CF- 1X1-012P- 1 FB-SS w ill require a filter w ith actual 
dimensions of 24" X 24" X 11½" 

Sealing Edg' 
(Tyµ1cal) 

Air -­
Flow 

~ 

"'Ii r 
A 

·"' /4 
j 

- c -
Typical door arrangement 1 
with a single primary filter. 
Designed to accommodate 

primary filter (s) through 
one door opening. Actual 

primary filter depth may be 
11½", 16" or 18". 

NI __... 
Flow 

Sealing Edge 
(Tyµical ) 

' ,::_ ~ 

~ 

~ 

r 
A 

,i, j 
- c ­

Typical door arrangement 1 with 
prefilter and primary filter. De­

signed to accommodate prefilter 
(s) and primary filter (s) through 
one door opening. Prefilter depth 
limited to 2". Primary f ilter depth 

maybe 11½", 16" or 18". 

Housing Type/ Series 

G B = Gasket seal bag-in/bag-out 
GN = Gasket seal non-bag-inibag-out 

(CamH Bulletin 3405) 
FB = Gel seal bag-in/bag-out 

(CamH Bulletin 3401) 
FN = Gel seal non-bag-in/bag-out 

(CamH Bulletin 3404) 

Access Door Arrangement 

1 • = One (1) access door on one side of housing 
2 = Two (2) access doors, one access door on each 
side of housing 
3 = Two (2) access doors on one side of housing 
only, one door for premer, one door for primary filter 
4= Four (4) access doors, two on each side of 
housing, one for prefilter access, one for primary 
filter access 
• Housing can only accommodate 2~ deep prefilter 
and primary filter 

Air ___. 
Flow 

Filter Type 

P = Particulate (HEPA) 
C = Carbon adsorber (HEGA) 

Sealing Edge 
(Tyµical ) 

r 
A 

j 
Typical door arrangement 3 with 

dual access doors. Designed to ac­
commodate prefilter (s) and primary 

filter (s) through separate access 
doors. Prefilter depth may be 2", 4", 

or 6". Primary filter depth may be 
11½", 16" or 18". 

Housing Dimension A = Height B = Width C = Depth 

Above arrangements show upstream, downstream and upstream primary filter sea ls respectively. Arrangements 
1 and 3 are also available with downstream primary filter seal when in-place scan testing is requi red. 

www.camfil.com 
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Left Hand Access Right Hand Access 

t 
A 

i 
..._B _ _.c~ 

~ 

Air rlOW 

tttttt 

CamContain housings feature smooth surface construction. 
Pocket areas, that would allow contaminant build-up are 

minimized. All pressure retaining joints on the interior of the 
housing are continuously welded. 

For detailed specifications or drawing, please consult your local Camfil Dis­
tributor or Representative or download from the Containment Toolbox located 
in the Segments Tab of Cam Tab File Archive at www.camfil.us. 

Camfil has a policy of uninterrupted research, development and product 
improvement. We reserve the right to change designs and specifications 
without notice. 

For assistance specific to this product, please contact Camfil Washington, 
NC facility at Sales-WA@camfil.com or by telephone at 877-658-6588. 

¾camfil ,o~Q 
Certified Quality System 

CamContain FB Housing 

1 high by 3 wide 1 high by 1 wide with prefilter section. 

CIC 

-c-

Housing Size - H x W 

Housing D1mens1on D1mens1on 
Size A B 

(H x W) (inches) (inches) 

1/2 X 1/2 18 15 
1/2 X 1 18 27 
1 X 1 30 27 
1 X 2 30 51 
1 X 3 30 75 
2 X 1 60 27 
2x2 60 51 
2x3 60 75 
3x1 90 27 
3x2 90 51 
3x3 90 75 
4x1 120 27 
4x2 120 51 
4x3 120 75 

Housing Size - Depth 

D1mens1on 
Model Number C 

(inches) 

012-1FB 26 
016-1 FB 30 
018-1FB 33 
212-1FB 30 
216-1 FB 34 
218-1FB 36 
212-3FB 38 
216-3FB 42 
218-3FB 44 f) 

Camfil 11 North Corporate Drive, Riverdale, NJ 074571 Tel: (973) 616-7300 = = www.camfil.com ====== 
8 
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mrmo 
PIIIDn'll 

14 

FIRE & ICE 

The industry standard when it comes to portable chil ling 

and heating. The Fire & Ice includes a powder coated steel 

frame, 316 stainless steel skin, low watt density heating 

element designed for g lycol, and quick disconnect glycol 

r:onnPr.tionc,. l lnit,;;. <VP ;:il.:.n ;wrlilrlhlF! in c:hi ll only VPr<;.ion<. 

3HP - 7HP 

No proprietary parts 

Compact design for easy maneuverabil ity 

We englneer the finest quallty chilling systems in the USA. 
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PRODUCTS 

llriU .. 11 LAYIR 

KEY COMPONENTS 

20 

ELECTRICAL 
CONTROL 
PANEL 

PORTABLE CHILLER SPECIFICATIONS 

DIMENSIONS 
TANK 

MODEL VOLUME 
(WxLxH) (gallons) 

CH-3 32 "x48"x40" 30 

CH-5 50 

CH-7 34"x 61 ' x54" 50 

(mllilARO FIRE ANO ICE SPECIFICATIONS 

DIMENSIONS 
TANK 

MODEL VOLUME 
(WxLxH) (gallons) 

CH-3/6 32 ' x48"x40 ' 30 

CH-3/10.5 32 "x48"x40" 30 

CH-3/12.5 32 "x48"x40" 30 

CH-3/21 32'x 48"x40' 30 

CH-3/25 32 "x48"x40" 30 

CH-5/8.5 50 

CH-5/10.5 34"x 61 "x 54" 50 

CH-7/12.5 50 

STANDARD HEATER SPECIFICATIONS 

DIMENSIONS 
TANK 

MODEL VOLUME 
(WxLxH) (gallons) 

GD-6 32 "x48"x40" 30 

GD-10.5 32 "x48"x40" 30 

GD-12.5 32 ' x48"x40 ' 30 

GD-21 32 "x48"x40" 30 

GD-25 32 "x48"x40" 30 

GD-200K2 48"x 84"x 62 " 115 

GD-400K2 48"x 84"x 62 " 115 

LSX SERIES 

PROCESS 
PUMP 
(HPI 

0.75 

1.5 

1.5 

PROCESS 
PUMP 
(HPI 

0.75 

0.75 

0.75 

1.5 

1.5 

1.5 

1.5 

1.5 

PROCESS 
PUMP 
(HPI 

0.75 

0.75 

0.75 

1.5 

1.5 

I Designedforultra-lowtempapplicationsrangingfrom7.5HP-180HP I 

GPM@ OPERATING CONN-
WEIGHT ECTION 25 PSI (approx lbs) SIZE 

25 980 0.75 " QDx 4 

40 1450 0.75 " QDx5 

40 1450 0.75 ' QDx5 

GPM@ OPERATING CONN-
WEIGHT ECTION 25 PSI 
(approx lbs) SIZE 

25 990 0.75 ' QDx4 

25 990 0.75 " QDx 4 

25 990 0.75 " QDx 4 

40 990 0.75'QDx 4 

40 990 0.75 " QDx 4 

40 1450 0.75 " QDx5 

40 1450 0.75 "QDx5 

40 1450 0.75 " QDx5 

GPM@ OPERATING CONN-
WEIGHT ECTION 25 PSI 
(approx lbs) SIZE 

25 780 0.75 " QDx 4 

25 780 0.75 " QDx 4 

25 780 0.75 ' QDx 4 

40 780 0.75 " QDx 4 

40 780 0.75 " QDx 4 

150 1500 

150 1500 

Contact us for more details 

2 Stationary gas heater, available in LP or NG All capacitiesat90°Fambient 1.800.555.0973 

ELECTRICAL DATA 
208-240 / I / 60 208-240 I 3 / 60 460 I 3 / 60 

RLA MCA MOC RLA MCA MOC RLA MCA 

27 30 51 18 21 32 10 

48 56 90 33 38 58 14 17 

41 47 74 16 19 

ELECTRICAL DATA 
208-240 / I / 60 208-240 I 3 / 60 460 I 3 / 60 

RLA MCA MOC RLA MCA MOC RLA MCA 

29 30 40 21 27 30 11 

28 30 35 15 18 

38 45 45 17 22 

29 36 

42 

48 59 60 28 40 14 17 

30 37 45 16 20 

41 52 60 18 23 

ELECTRICAL DATA 
MAX 208-240 / I / 60 208-240 / 3 / 60 
OPERATING 
TEMPl°F) RLA MCA MOC RLA MCA MOC RLA 

125 29 30 40 21 27 30 

125 28 30 35 15 

125 38 45 45 17 

125 29 

125 

150 15 18 30 

150 15 18 30 

GDCH I LLERS.C0M 'G&D 

BTUH 
LEAVING FLUID TEMP 

MOC 20'F 30'F 40'F 

15 17,213 21, 436 26,098 

26 32,717 40,850 49,965 

30 41 ,395 51,046 61,824 

BTUH 

COOLING HEATING 
MOC @30°F 

15 20,500 21,4§ 

20 35,800 21,4§ 

25 42,700 21, 4§ 

40 71,600 21, 4§ 

45 85,300 21, 4§ 

20 29,000 40,8!:{l 

25 35,800 40,8!:{l 

25 42,700 51,046 

BTUH 
460 I 3 / 60 

HEATING 
MCA MOC 

11 15 20,500 

18 20 35,800 

22 25 42,700 

36 40 71,600 

42 45 85,300 

15 200,000 

15 400,000 

CHILLERS 
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ATTACHMENT 1
WHITE PAPER ESTIMATING THE AMOUNT OF WATER REMOVABLE FROM 241-

B-109 BY ACTIVE VENTILATION

Title:  TANK B-109 ESTIMATED WATER REMOVABLE BY ACTIVE VENTILATION

Prepared by:  WRPS Process Engineering; lead author J. Field, modeling results by M. Neylon.

Issued:  2 Mar 2023

Note:  The 241-B-109 waste volumes presented in this white paper are from the current best 
basis inventory (BBI) in RPP-RPT-58534. More current Enraf and LOW measurements are 
available.
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TANK B-109 ESTIMATED WATER REMOVABLE BY ACTIVE VENTILATION

I. TANK B-109 WASTE HISTORY AND CHARACTERISTICS

Tank 241-B-109 is the last tank in a cascade series of three tanks, 241-B-107, Tank B-108 and 
Tank B-109.  Based on process history and surface level measurements B-109 currently contains 
80 kgal B-SltCk and 50 kgal CWP2 sludge.

Tank 241-B-109 received first cycle sludge and B-SltCK waste between 1944 and 1952 57 waste 
was pumped out and B-109 received cladding waste (CWP2).  CWP2 supernatant was 
transferred out in 1969, leaving a CWP2 sludge heel in the tank.  B-109 then received IX 
supernatant in 1969 which was transferred out in 1972.  From 1974 to 1976 tank B-109 received 
224 waste and B-SltCk waste.  Supernatant was pumped out and B-109 was declared interim 
stabilized in 1985.  Although a saltwell was installed, there is no record of jet pumping this tank.

Table 1 summarizes current estimates for tank B-109 waste types and volumes.

Table 1.  B-109 Waste Types and Volumes

Waste 
Phase

Waste
Type

Available
Concentration Data1 Volume

Supernatant Water Assumed mostly water from 
intrusions

<1 kL

Saltcake 
Liquid

B-SltCk B-SltCk Process Knowledge 8 kgal

Drained 
Voids

N/A N/A 11 kgal

Saltcake
Solids

B-SltCk 1996 Core Sample 61 kgal

B-SltCk solids template 
(TS/U204/019)

B-109 Saltcake Process 
Knowledge

Sludge2 CWP2 1996 Core Sample 50 kgal

CWP2 Process Knowledge

Source: RPP-RPT-58534

Tank 241-B-109 was core sampled in August 1996.  Two core samples were obtained Core 169 
Segments 2 and 2A, and Core 170 Segment 1 were determined to be CWP2 sludge.  Core 169 
Segment 1 lower half and Core 170 Segments 2 and 3 were determined to be B-SltCk.  No 
drainable liquids were recovered.  Tank photographs taken in 1985 show a dark waste surface 
with saltcake around the edges and no visible supernatant (HNF-SD-RE-TI-178).  When tank B-
109 was inspected February 11, 2014 (RPP-RPT-58239). The waste surface was 46 percent 
water; there was no evidence of current intrusions (RPP-RPT-58239), but based on 1985 photos, 
past water intrusions were suspected (RPP-RPT-50799).
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