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EXECUTIVE SUMMARY

On November 20. 2013. Washington River Protection Solutions LLC (WRPS) inspected the
6-in. diameter drain line that collects liquid outside of Tank 241-AY-102 (referred to herein as
Tank AY-102) secondary containment and routes the liquid to the leak detection pit sump. To
accomplish this inspection on an accelerated timescale, WRPS used an integrated team
employing both THI Southwest Technologies, Inc. (IHI) and Hanford personnel. To ensure
success when deployed in the field, the inspection equipment was demonstrated at both the IHI
facility in Denver. Colorado, and the Hanford Site.

This document provides a description of the design components, operational approach, and
results from the Tank AY-102 leak detection pit drain piping visual inspection. To perform this
inspection, a custom robotic crawler with a deployment device was designed, built, and operated
by IHI for WRPS to inspect the 6-in. leak detection pit drain line. These tasks were
accomplished. from initial award of the work to completion of the inspection, in about two
months.

The deployment device successfully attached to the drain line, and the crawler entered the drain
line and traversed to within approximately 7 feet of the central sump located under the center of
the tank before losing traction. The crawler performed well. and the quality of the camera image
and lighting provided sufficient detail to document the current condition of the visible regions of
the pipe.

The inspection showed that the majority of the drain line was dry. Two wet areas were observed,
a portion of the line nearest the leak detection pit and a portion near the center of the tank. The
portion nearest the leak detection pit was under water prior to pumping on November 14, 2013.
The portion of pipe near the center of the tank showed an accumulation of moisture,

The visual results from the inspection are listed below, starting from the leak detection pit riser
and moving toward the center of the tank (Figure ES-1 provides leak detection pit drain pipe
features):

1. Starting at the entry point, the drain line was wet with considerable debris (i.e.. dirt, scale,
and miscellaneous items from construction) and corrosion in the bottom of the pipe into
an expansion loop containing four elbows. Between the third and fourth elbows, the pipe
transitioned to a dry environment. This change from wet to dry conditions is believed to
be consistent with the level of the water in the leak detection pit prior to pumping. which
occurred six days prior to the inspection.

2. Beyond the expansion loop elbows to the first and second tee, the drain line was very dry
and showed no evidence of dripping or drainage tfrom the 4-in. drain lines from the base
pad slots. These sections showed less debris and corrosion product in the bottom of the

pipe.
Past the second tee, the piping was wetted with moisture circumferentially, and a similar

volume of debris and corrosion product was evident compared to the portion of the line
nearest to the leak detection pit.

L5 )

4. The central sump was not observed since the crawler could not traverse the last 7 feet to
reach the center of the tank due to a combination of the debris and moisture present.

ES-1
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24-inch
LDP —s
Riser

Expansion

High point of water prior to
pumping for this inspection

Figure ES-1 Tank AY-102 Leak Detection Pit

Although sediment and debris were seen during the inspection. it is believed to be construction
debris and corrosion products. No material was found in the inspection that looked like tank
waste or the material seen in the Tank AY-102 annulus (i.e.. no greenish or yellowish deposits or
dark fluids. dried salt deposits. or crystalline material). The contamination levels seen on the
crawler were consistent with past values seen on leak detection pit pumping equipment.
Sampling and analysis of the recovered residues from the crawlers did not find material
consistent with tank waste.

ES-2
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1.0 INTRODUCTION/BACKGROUND

In October 2012, Washington River Protection Solutions LLC (WRPS) determined that waste
had leaked into the annulus of Tank 241-AY-102 (referred to herein as Tank AY-102). The
WRPS Executive Safety Review Board made this determination based on information presented
at the board’s October 19. 2012 meeting. The condition and history of this tank is documented
in RPP-ASMT-53793. Tunk 241-AY-102 Leak Assessment Report. WRPS conducted an
extensive review of Tank AY-102 and increased both inspection and monitoring of the tank:
however. the precise cause and location of the leak could not be determined.

In parallel with the leak in the primary tank. the Tank AY-102 leak detection pit (LDP) was
accumulating water through the drain system outside the secondary liner. The liquid collecting
in the LDP is suspected to be from water intrusion. The rate of water accumulating in the LDP is
such that the LDP must be pumped routinely to comply with OSD-T-151-00007. Operating
Specifications for the Double-Shell Storage Tunks. Appendix A discusses the 2 o 3-gal per day
rate of accumulation of water in this system.

On June 20, 2013. during routine pumping of the Tank AY-102 LDP, a radiation dose rate was
noted on the transfer hose and elevated surface contamination readings were found on the transfer
pump when it was removed from the LDP. These two field readings suggested that tank waste
from a secondary liner breach might be leaking into the LDP. As a result. WRPS initiated a plan
to ascertain the integrity of the liner.

WRPS concluded that a leak trom the liner into the LDP has not occurred (RPP-RPT-55939, Tunk
241-AY-102 Secondary Liner Integrity Investigation Resolution). The investigation results
recommended the inspection of the LDP as a confirmatory action. This document provides an
overview of the inspection of the LDP drain line with a robot provided by IHI Southwest
Technologies, Inc. (IHI).

1.1 LEAK DETECTION PIT SYSTEM DESCRIPTION

The double-shell tank (DST) LDPs are tertiary containment systems designed to collect any
liquid draining from beneath the secondary liner. The concrete foundation beneath the secondary
liner is slotted and fitted with drain connections at the center of the tank, at the edge of the
concrete foundation, and at a mid-point between these two drains (see Figure 1-1). The system
was designed so that any tank waste released from the secondary liner would accumulate in the
foundation slots and drain into the LDP.

1-1
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Foundation Drain Siots

Central Sump
{Filled with insulabon)

Figure 1-1. Foundation Drain Locations

For the AY Farm. the 6-in. diameter drain line manifold runs to a 4-ft diameter by 18-in. high
carbon steel sump tank that is located approximately 62 ft below-grade and below the level of the
tank foundation (see Figure 1-2). The drain line connects to the sump tank in a single 24-in. riser.
which extends to a leak detection pump pit. The pump pit is located flush with the ground surface.

24-in LDP riser ~__

6-in.radiation -

detectionwell ——

Figure 1-2. Leak Detection Pits Riser for the AY Farm Tanks (8160-1)
(Tank AY-102 in background)
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The LDP is also equipped with a separate, closed 6-in. diameter radiation detection well that
extends from the surface and terminates adjacent to. but outside, the 48-in. diameter tank. as
shown in

Figure 1-3. The radiation detection wells on all DST LDPs were removed from service in 1997.

R o L v e A S
T Radistion mead T ema o KT
detaction.y g ; - o

- gt | 2

Figure 1-3. Original Leak Detection Pit Construction (Photo 64090-21)
(SY Farm, June 21, 1974)

For a breach from the secondary liner to be detected. the foundation drains and LDP drain
system need to direct the flow of waste into the LDP tank. where the leak can be detected via
sampling. A leak would be indicated by an increase in the LDP liquid level and an increase in
radioactivity in the samples taken from the LDP.

The LDP is ventilated with a 2-in. vent line connected to the DST annulus exhaust manifold and.
therefore. under annulus negative pressure. Four 4-in. diameter pipes supply ambient air to the
central air distributor. The air flows radially outwards from the central air distributor, through air
channels in the refractory. to the annulus, as shown in Figure 1-4.
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Leak Dataction Pump Pit Air Supply Manifold

2-inch Line to Annuius Exhaust Manifold

Exhaust
Manifold

L

—=AN e
——

Central Sump
{filled with insulation) Central Air Distributor

Figure 1-4. Ventilation Air Supply (primary tank not shown for clarity. Refractory air
slots shown transparent.)

From the annulus. the air is exhausted though two stages of high-efficiency particulate air
(HEPA) filters and monitoring devices to a stack where it is discharged to the environment.

Figure 1-5 shows construction of the foundation for Tank AY-102 with the LDP drain system
already in place. Construction conditions within the excavated area were typically dusty, making
it difficult to keep the drain piping and the foundation slots clear of debris. In Figure 1-6.
workers can be seen cleaning the drain slots before the secondary bottom is lowered. Some blow
sand and debris likely remained afier cleaning.
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Tank AY-101 center
drain in place with E&E5

Open centerdrain
, for LDP systel

Figure 1-5. AY Farm Foundation Fabrication with Leak Detection Drains in Place
(Photo 8000-1) (9/25/1968)

Figure 1-6. Workers Cleaning Debris from Foundation Drain Slots Prior to Lowering
Secondary Tank Bottom (Photo 8096-1)

1.2 TEMPERATURE GRADIENTS IN THE TANK BOTTOM

The central LDP drain is located directly below the central plenum for the annulus air supply.
separated by the Y-in. thick secondary steel liner. The central sump was filled with mineral fiber
insulation during construction to protect the tank foundation from exposure to high heat during
primary tank stress relief operations. Figure 1-7 shows the arrangement of the central plenum
and sump.

1-5
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§° Carbon Steel Pipe

Figure 1-7. Central Plenum and Sump Arrangement for Tank AY-102

In Tank AY-102, the ambient ventilation air is cooler than the tank. which causes temperature
gradients when the annulus ventilation is operating. Thermocouples installed during
construction provide temperature data from the concrete foundation and refractory concrete. As
the annulus air is distributed through a central plenum. it warms about 20 °F as it moves to the
outer edges of the tank, as summarized in Error! Reference source not found.. The cooling
effect is illustrated in Figure 1-8. A more detailed presentation of the historic temperature
profiles taken from thermocouples in the concrete foundation and refractory concrete are
provided in Appendix B.

Table 1-1. Tank AY-102 Temperatures
in Refractory and Foundation

Refractory (PF) | Average foundation (°F)
Inner 75-105 82.5
Mid-Point 80-130 102:5
Outer 105-120 105
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Figure 1-8.  Air Distribution Piping and Slots (cooling effect)

The 4-in. drain lines. which tee into the 6-in. drain line of the LDP, are located below the warmer
areas of the concrete foundation. The section of the drain line between these tees did not show
moisture accumulation. The drain line near the LDP sump, which is located beyond the outside
of the tank. and the center drain line section are located in cooler areas created by thermal
gradient along the length of the 6-in. drain line. These sections of the drain line showed moisture
accumulation.

1.3 WATER INTRUSION PATHWAY

The DST farms contain several variations in the design of the joint between the concrete wall
and foundation. The foundations of the AY, AZ. and SY Farms were built in such a way that
accumulation of liguid/moisture at the interface of the concrete sidewall and the foundation is
highly likely. The concrete sidewall rests on the foundation between two steel bearing plates that
allow for minor movement of the concrete wall from expansion and contraction. The foundation
was constructed with a 1.5-in. tall curb (as seen in Figure 1-9) at the 41.5-1t radius just outside
the outer wall. This curb sits above the slotted portion of the foundation where the secondary
liner rests, and creates a foundation groove where water can accumulate and seep between the
steel bearing plates.

Water accumulation in the foundation groove, coupled with high vacuum in the annulus and
LDP. may be enough to draw soil moisture as free liquid or humid air under the concrete wall
and into the LDP drain system. This groove was filled at the time of construction with a
polysulfide organic sealant often used in expansion joints. Additional discussion on inleakage
pathways tfor all DST LDPs is provided in RPP-RPT-55666. Double-Shell Tank Tertiary Leak
Detection System Evaluation.

1-7
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Slip Jgint Piates between Foundation
“and Concrete Wall

Figure 1-9. Tank AY-102 Leak Detection Pit Intrusion Pathway

1.3.1 Previous Visual Inspection of 241-AY-102 Leak Detection Pit

The near-constant accumulation of water in the Tank AY-102 LDP has led to numerous
investigations. These inspections have included visual inspection of the 24-in. LDP riser. the
48-in. diameter sump tank, and the 6-in. drain line viewed from the LDP. which allows a view up
to the first elbow of the pipe expansion loop.

Figure 1-10 shows comparative photos of the 6-in. drain line entry into the riser from inspections

done in 2008 and 2012.
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Figure 1-10. Tank AY-102 Leak Detection Pit Drain Line
Condition in 2008 (A) and 2012 (B)

Figure 1-11 shows photos of the LDP drain line as far as access would allow during the 2012
inspection. Sediment and tubercles (formed by microbial organisms present in the LDP) are
present in this section. Extensive photographs of all sections of the LDP riser and sump tank
from the previous inspections are provided in RPP-RPT-55666.

9 ST

Figure 1-11. Tank AY-102 Leak Detection Pit Drain Line Interior During 2012 Inspection

1.3.2  Airflow through the Leak Detection Pit Drain

During the 2012 inspections. a test confirmed the presence of airflow out of the 6-in. drain line
and into the LDP riser (RPP-RPT-53793, Section 4.3.7). The annulus ventilation system was
operating and indicated a negativel2-in. water column (WC) vacuum. The riser at the leak
detection pump pit cover was sealed to maximize vacuum in the LDP. Using a red ribbon flag to
allow visual indication of airflow. a camera was lowered into the LDP. Airflow was confirmed
when the tlag would detlect outward and upward when positioned in front of the LDP drain line
(Figure 1-12).

1-9
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Indicating Flag !ndn:atrn_g Flag._________} |
When Not \ When Aligned -

Aligned With With Drain Line
Drain Line

Figure 1-12. Tank AY-102 Leak Detection Pit Drain Line Airflow Test (October 2012)

Another indication of airflow out of the drain line into the LDP was discovered in December 2012.
After the LDP liquid level rose unexpectedly to 24 in., preparations were made to pump the LDP
as the level was back up to the maximum allowed by the operating specification. A video
camera was placed into the pit on December 19, 2012, in preparation for pumping. Bubbles
were observed coming from the 6-in. drain line prior to the pumping of the LDP sump.

The high rate of bubbling exiting the drain line into the LDP riser is shown in Figure 1-13(A).
The 6-in. drain line was barely submerged in the video. If the level rises slightly above this level
(as it was in September 2012), there is no bubbling to be seen from the drain line.

Figure 1-13. Photos from Video Showing Bubbling from Drain Line on 12/19/2012 (A),
Photos from Video Showing Drain Line Just Underwater and No Bubbling on 9/18/2012

(B)

The video taken on September 18, 2012, doesn’t have any bubbles, as shown in Figure 1-13(B).
It is believed that when the water level in the LDP is high enough to overcome the influence of
the LDP vacuum. inleakage to the LDP system via the wall-to-foundation joint stops.
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1.4  PAST INTRUSION INVESTIGATIONS AND ACTIVITY LEVELS

The intrusions into Tank AY-102 have been investigated in the past. and extensive sampling of
the LDP liquid accumulations has been performed. Appendix A provides a summary of these
past investigations and sampling efforts. The key factors from these investigations include:

* Intrusion in the Tank AY-102 LDP is only seert when the annulus ventilation system is
operating (the same correlation has been seen in Tank AZ-102):

* High rates of intrusion in the Tank AY-102 LDP starting in 1998 when the annulus
ventilation systemy was modified to operate at very high negative pressures; and

* All Tank AY-102 LDP liquid accumulation samples show low, but detectable, levels of
legacy contamination.
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2.0 EQUIPMENT DESCRIPTION

WRPS conducted a down-selection among four vendors for three inspections in Tank AY-102
(RPP-ASMT-55798. Alternative Evaluation for Tank 241-41-102 Robotic Inspection). The first
of these inspections was awarded to [HI to examine the LDP in Tank AY-102. The proof-ot-
concept demonstration performed at the IHI facility is described in RPP-RPT-56431. Trip
Report: Demonstration for Robotic Inspection of 241-4Y-102 Leak Detection Pit Drain Line

Piping.
2.1 IHI-SUPPLIED ROBOTIC PIPE INSPECTION EQUIPMENT

The THI robotic pipe crawler. shown in

Figure 2-1. was deployed down the LDP riser to 61 ft below-grade by using a deployment
mechanism, shown in Figure 2-2. The deployment mechanism serves to hold the robotic crawler
as it is lowered with a crane down to where the 6-in. drain line pipe intersects the 24-in. LDP

riser.

Figure 2-1. Robotic Pipe Crawler
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Figure 2-2. Delivery Mechanism and Crawler Relationship

After the deployment mechanism has been lowered by the crane and locks itself in place on the
inner wall of the 24-in. LDP riser, the robotic pipe crawler is remotely driven into the 6-in. drain
line and performs a visual inspection.

Upon completion of the visual inspection, the crawler is driven in reverse through the 6-in. drain
line back into the 24-in. riser and retrieved to the surface.

2.2 ONSITE DEMONSTRATION

The IHI robotic inspection sysiem was demonstrated using a tull-scale mockup at the vendor
shop (described in RPP-RPT-56431). Following the demonstration at the vendor’s shop. the
equipment was demonstrated a second time in the Hanford 200 East Area before deployment at
Tank AY-102. The primary function of the onsite demonstration was to fine-tune the
deployment/retrieval strategies. This work was conducted with the WRPS personnel who would
be participating in the inspection of the Tank AY-102 LDP drain line piping. The mockup was
constructed of polyvinyl chloride (PVC) pipe and cast iron elbows.

Figure 2-3 shows the final construction of the onsite mockup. The onsite demonstration
followed the same steps used during the demonstration at the IHI facility.
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Figure 2-3. Onsite Leak Detection Pit Mockup Demonstration

The onsite demonstration included the use of a crane, rigging crew, and operators who were
involved in the actual inspection. The onsite demonstration showed that the crew was ready to
perform the inspection in the field, and that the robotic inspection system provided and run by
IHI personnel was ready for in-field operation.
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3.0 VISUAL OBSERVATIONS FROM DRAIN INSPECTION

On November 20. 2013. the crawler deployment device was lowered into the LDP riser and
successtully aligned with the drain line. The inspection crawler entered the drain and traversed
to within approximately 7 ft of the central plenum before losing traction. This section provides
descriptions and inspection photographs of each section of the pipe. indexed to Figure 3-1 and
Figure 3-2. The figures are screen captures of the video inspection. In some cases. the captures
do not reflect the actual orientation of the drain pipe (i.e.. top of illustration is not always the top
of the pipe).

The condition of the drain pipe system is summarized as follows:

I. The entrance was partially wetted and had sediment and corrosion consistent with past
inspections.

2. The pipe was wet with considerable sediment and rust in the bottom of the pipe into
Section 4, which is between the third and fourth elbows in the expansion loop. This
wetness 1S consistent with the level of water in the LDP prior to pump down six days
before the inspection (see Section 3.1).

3. Sections 5 and 6 were very dry and showed no evidence of dripping or drainage from the
slots in the 4-in. drain lines. These sections showed less debris and corrosion product in
the bottom of the pipe.

4. Sections 7 and 8. past the second tee. were wet and had a similar volume of debris and
corrosion products as found in the first four sections.

5. The central plenum was not observed. since the crawler could not traverse through the
last few feet of the drain line. The amount of debris prevented further progress.

LY L4
\\\ L ,f"
Y Y “\ ) 'J‘
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” \J A
First Elbow

&~ Edge of Tank
Foundation

Figure 3-1. Inspection Overview
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Section 1: Leak Detection Pit Riser to First Elbow

Section 1 consists of the first 6 ft of pipe. starting from the opening in the LDP riser and up to the
first elbow. This section showed residual moisture from the backup of water that had
accumulated in the LDP prior to inspection. The level prior to pumping before the inspection is
depicted in Figure 3-27 (Section 3.1).

The corrosion-related tubercles and small amounts of debris were unchanged from prior photos
of this area (see

Figure 1-10 for photos from prior inspections in 2008 and 2012). The presence of moisture in
this section of the drain line is due to the liquid level of the LDP. Prior inspections showed more
wetting due to the higher liquid level in the LDP.

In addition, the 2008 inspection occurred two days after pumping, and the 2012 inspection
occurred the same day as pumping. This robotic crawler inspection occurred six days after
pumping the LDP, so the drain line had more time to dry out.

The top of the pipe was in good condition, as shown in Figure 3-3 and Figure 3-4. The amount
of debris in the bottom of the pipe is similar to the 2012 inspection.

Figure 3-3. View of 6-in. Drain Line Prior Figure 3-4. View of 6-in. Drain Line with
to Crawler Leaving Deployment System Crawler Traversing Towards First Elbow

Section 2: From First Elbow to Second Elbow

Section 2 is the first elbow of the piping expansion loop and the 4 ft of pipe between the first and
second elbows. This section showed substantial wetness and corrosion debris on the bottom of
the pipe. The crawler movement through this material was similar to driving through mud. A
horizontal waterline consistent with the historical level in this system can be seen on the wall in
Figure 3-5.

|8 ]
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Historical Liquid
\Level “Beach Line’

Figure 3-5. View of First Elbow Prior to Entering

Figure 3-6 shows the straight section just after exiting the first elbow and indicates an increasing
amount of sediment. (This figure is an example of a screenshot that does not show the true
vertical configuration.) Most corrosion tubercles are present below the historical liquid level
line.

Figure 3-7 shows the straight section about haltway between the first and second elbow and also
shows an increasing amount of sediment.

Figure 3-6. View of 6-in. Drain Line Figure 3-7. View of 6-in. Drain Line Part
Directly After First Elbow Way Between First and Second Elbow

Section 3: From Second Elbow to Third Elbow

Section 3 is the second elbow of the piping expansion loop and the 4-ft long section between the
second and third elbows. The section contained debris and corrosion products, as shown in
Figure 3-8 through Figure 3-10. The waterline from previous filling of the LDP is clearly visible
on the wall (Figure 3-8). This section was very wet. and standing liquid can be seen in shallow
pools dammed up between the debris in the pipe. as shown in Figure 3-10. It was noted during

3-4
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the inspection that the height of tubercle growth continued to drop in elevation and has a
correlation to the historical liquid level represented by the waterline along the pipe wall.

otk -

Figure 3-8.  View of Second Elbow Prior to Entering

= T it i o : - R

Figure 3-9. View of 6-in. Drain Line  Figure 3-10. View of Standing Liquid on the
Directly After Second Elbow Bottom of the Drain Line (Reflection)

Section 4: From Third Elbow to Fourth Elbow

Section 4 is the third elbow of the piping expansion loop and the 4-ft long section between the
third and fourth elbows. This section appears much dryer than previous sections. Figure 3-11
shows considerable debris in the third elbow. There is a distinct color change from wet to dry in
this section between the two elbows, as shown in Figure 3-12 and Figure 3-13. The corrosion
debris on the bottom of the pipe. along with the waterline. is still evident. Traversing through
this material was less challenging because crawler traction was better in the drier environment.
The transition point (dark-to-light color at the bottom of the pipe) is the anticipated location of the
liquid level prior to the pumping of the LDP on November 14, 2013.
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Figure 3-12. View of 6-in. Drain Line  Figure 3-13. View of Region Downstream of
Directly After Third Elbow Third Elbow (a distinct color change, perhaps

a transition to a completely dry region)

Section S: From Fourth Elbow to First Tee

Section 5 is the 6.5-ft long section of the drain from the fourth elbow to the first 4-in. branch tee
that drains the space under the tank annulus. The inspection did not detect any moisture in this
region. including the bottom of the 6-in. pipe. There was no evidence of flow marking/remnants
from the upstream 4-in. tees. As captured in Figure 3-14. the debris on the bottom of the pipe is
flaky and dry compared to the wet debris that the crawler had to traverse through in the lower
sections of the pipe expansion loop. Figure 3-14 through Figure 3-16 provide views of this
region. Corrosion debris can still be seen on the bottom of the pipe. The volume of debris
diminishes as the crawler progresses up the drain line and tubercles visible in earlier sections
have disappeared. Overall. the drain pipe in this region is in good condition considering its age
and the historic presence of liquid defined by the visible waterline.

3-6
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Figure 3-14. View of Debris on the Bottom of the Drain Line Just Prior to Entering
Fourth Elbow (very dry)

Figure 3-15. View of Fourth Elbow Prior to  Figure 3-16. View of 6-in. Drain Line
Entering Directly After Fourth Elbow

Section 6: From First Tee to Second Tee

Section 6 1s an 18-ft long section that starts at the first tee and goes up to the second tee. This
section was observed to be completely dry. with suspended dust particulate observed when the
crawler would come to a stop. The ability to disturb the material and mobilize dust particulate
for the camera to detect strongly suggests that this region has not been wet for some time.

The legacy stain from the waterline can be seen on the bottom third of the tee (Figure 3-17).
Camera operability at this section of the drain line was limited, so additional views looking up
into the tee 4-in. drain line were not performed. However, since the views gathered of the 4-in.
branch connection were dry, this observation supports the conclusion that no liquid has recently
traversed through the 4-in. line and into the 6-in. drain line. These features are shown in
Figure 3-17 through Figure 3-19. Some of the debris in Figure 3-18 appears to be from
construction (e.g.. wood fragments).

LI
)
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Figure 3-17. View of 4-in. Tee Entering the Side of the 6-in. Drain Line

o ! i
| e : v
Figure 3-18. View of 6-in. Drain Line Figure 3-19. View of Debris on the
Approximately 10 ft After the First Tee Bottom of the Drain Line

(about 2 ft from second tee)

Section 7: From the Second Tee to Six Feet Toward the Center Drain

Section 7 begins at the second tee and extends about 6 feet toward the center drain. Moisture
accumulation begins immediately after the second 4-in. tee, as seen in Figure 3-20. The moisture
is seen to cover the entire inner surface of the drain line pipe as the crawler traverses further from
the second tee. This region of the drain line was not in contact with liquid from the LDP sump

during the previous pumping evolution.

3-8
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Figure 3-20. View of Moisture Seen after Second 4-in. Tee

The anomaly apparent in this region of the drain line is that the wetness is seen around the
circumference of the pipe. The wetness seen in Figure 3-20 suggests condensation formation
since liquid was not in this region that would have completely wetted the pipe wall.

The 4-in. drain line from the second tee is dry and shows dry sediment in the bottom, similar to
the first tee. This sediment may be blow sand or construction debris left in the system from
construction. Debris and corrosion product were visible on the bottom of the 6-in. line (see
Figure 3-21). As the crawler entered the moist region after the second tee. corrosion and
tubercles were present again. indicating that this region has seen increased moisture over a long
period of time. This corrosion formation and the condition of a section of the pipe sidewall can
be seen in Figure 3-22.

F
" Bottom of 4-n. line
" showipg dry
sediment

Figure 3-21. View of 4-in. Tee Connecting to  Figure 3-22. View of Corrosion Along
6-in. Drain Line 6-in. Drain Line (in region where moisture
was seen after second tee)
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Section 8: From Six Feet to Thirteen Feet Beyond the Second Tee

Section 8 is the last section of the drain pipe beyond the second 4-in. tee. In this section, wet
sediment and corrosion debris are present along with significant amounts of moisture, as seen in

Figure 3-23 through Figure 3-25. Traversing this section was similar to driving through mud.
The crawler did not have enough traction to overcome both the debris and the resistance from the
crawler tether to reach the central plenum.

The crawler was reversed back and forth muitiple times trying to make further progress. It is
about 20 feet from the second tee 1o the center of the tank, and the crawler progressed about

13 feet beyond the second tee. stopping about 7 feet from the center of the tank. Figure 3-24
shows the wheel tracks left by the crawler’s attempts to push through the mud in the drain line.
These tracks delineate the extent of progress of the crawler into the drain line.

Wheel tracks

;4 - & ..
"L ima e = = =

Figure 3-24. Partial View of the Saturated Figure 3-25. Last View Looking Down
Debris on the Bottom of the Drain Line, 6-in. Drain Line (approximately 7 ft from
Which Stopped Crawler Progress center of the tank)

(approximately 7 ft from center of the tank)
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Debris

As seen in several preceding figures, the drain line contained sufficient debris so that the
crawler’s progress to the center of the tank was prevented. This quantity of material was
unexpected. From a review of the construction photographs in Section 1.2, one potential debris
source could be from construction activities. The debris may consist of dirt and concrete that
could have blown or fallen into the drain line during construction. Also, in some sections of the
drain line, the debris appears to be corrosion products. but the drain line does not show signs of
excessive degradation. None of the material seen had the appearance of tank waste (i.e., no
greenish or yellowish deposits or dark tluids, dried salt deposits, or crystalline material).

Removing Crawler from the 6-Inch Drain Line

During the removal of the crawler. it was observed that the moisture pattern along the pipe wall
was changing. This was noticed a few feet from the exit of the 6-in. drain line. During the
process of preparing the crawler to be removed from the drain line, the crawler remained still. By
viewing the footage via a time-lapse sequence, small changes were observed along a section of the
pipe where the corrosion tubercles are present.

As seen in Figure 3-26. over a span of two minutes. the moisture had begun to rewet the pipe
wall in a direction traveling towards the top of the pipe. Although this location is near a weld.
the most probable explanation of this observation is that the tubercles themselves contain
moisture and when disturbed and/or slowly over time, they release this moisture into the
surrounding regions. This conclusion is supported by the view of the drain line prior to the
crawler entering (see Figure 3-3), where the existing tubercles have isolated areas of moisture
around them.

o -
=

Figure 3-26. Water Movement from Wall Debris in the Drain Line
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3.1 HISTORIC WATERLINE REVIEW

Prior to the robotic inspection of the 6-in. drain line on November 20. 2013, the LDP was
pumped to reduce the amount of liquid present in the pit. On November 11, 2013, the liquid
level in the LDP was measured to be 20.7 in. LDP pumping operations occurred on

November 14, 2013, and the liquid level. following pumping. was measured to be 0.1 in.
Figure 3-27 shows the liquid level in the 6-in. drain pipe. with 20.7 in. in the sump tank, as
measured on November 11. 2013. Because the pit was not pumped until November 14, 2013.
there were three additional days for the level to increase further than that shown in Figure 3-27.

Approximate
liquid stopping
point at 20.7 in.

Figure 3-27. Leak Detection Pit Drain Hydraulics

Historically. the level in the Tank AY-102 LDP has been stagnant at approximately 25 in.. as
measured on the dip tube system. This level corresponds to the top of the 6-in. drain line
entrance to the pit. The level remained there from 2010 until the primary tank was discovered to
be leaking in August 2012. Drain line fill behavior is discussed in Appendix A, describing the
reasoning for this specific stagnant level. Figure 3-28 represents the historical water level of the
LDP and the extent to which the water would have filled the drain line. This level was compared
to the waterlines in the inspection photographs. These waterline levels in the drain line are
similar to those shown in Figure 3-28.

At the entrance of the drain pipe (Figure 3-28, ltem A). the 6-in. pipe is expected to be full of
water when the pit has stopped filling. As such. no waterlines are present in this section of the
drain line.

Farther up the drain line, at the first tee (Figure 3-28, Item B). the historical water level
represents just under half of the pipe being filled with stagnant liquid for extended durations.
The waterlines discovered during the visual inspection support this and show evidence of water
filling part of the first branch of the drain line.

3-12
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C-Second Tee

Figure 3-28. Stagnant Water High Water Mark Overview
Continuing to the second tee (Figure 3-28. Item C). the water level during historical extended

water retention would begin to taper at or near this location. Photographic evidence supports this
conclusion, showing a waterline similar to the model.
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3.2 ANALYSIS OF SOLIDS ON THE CRAWLER AND TETHER

As the tether. deployment device. and robot were withdrawn from the LDP drain, field
measurements of direct dose readings on the cable and crawler were 13 and 27 mRad/hr

window open. <0.5 mRad/hr window closed. respectively. {Window open measurements include
beta and gamima radiation. and window closed measurement are only gamma radiation.)

On completion of the field inspection the crawler was packaged in the field, and shipped to and
examined at the 222-S Laboratory. About 3 grams of solids were collected from the wheels and
crawler externals for analysis (Figure 3-29). Residues recovered from the crawler and tether
were examined using chemical and radiological analyses found in RPP-PLAN-56497, Sampling
and Analysis Plan for Solids on the 241-AY-102A4 Leak-Detection Pit Robotic Pipe Crawler,
Attached Cabling, und Sleeve.

Figure 3-29. Crawler Solids Recovery in the 222-S Laboratory

Radiation Survey

The dose readings taken in the laboratory were somewhat lower than field readings: 12 mRad/hr
(versus 27 mRad/hr) window open and both readings were <0.5 mRad/hr window closed. The
primarily beta particle dose is consistent with past surveys of the equipment removed from the
sump. Both field and laboratory surveys were higher than past readings from equipment
removed from the sump. The source of the contamination in the LDP has not conclusively
identified. but is suspected to be legacy contamination from historical air reversals of the primary
and annulus ventilation systems, or unknown historical contamination events. Since the crawler
was not in contact with the water in the LDP sump tank, these levels suggest that there is
contamination in the drain itself. which may have come from the water in the LDP when it filled
the drain line.

Laboratory Analysis
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Preliminary laboratory analysis of solid particulates recovered from the crawler yielded no
evidence for phases that are characteristic of Hanford tank waste'. Final results will be issued
at a later date. The solids consisted. in a large part. of a very fine particulate and appeared dark
orange to brown in color. A large majority of the total solids on the crawler were recovered.
The particulates can be attributed to rust and/or mill scale, soil minerals. and cement and/or soil
calcite.

Of these solids, the majority were composed of rust and scale. Minor amounts of silicate soil
minerals and a calcium-rich phase were also found. The calcium-rich phase is probably derived
from cement or groundwater precipitation. Traces of a phase consistent with graphite were also
observed. This compound may have come from the dry lubricant that was scattered about the
sliding joint of the tank concrete wall during construction. Additional details on the results of
specific analysis that were performed are provided below.

The chemical characterization of the solids was primarily iron from rust in the debris with trace
quantities of cesium (Cs) and Strontium (Sr) (Table 3-1). The Cs-137 to Sr-90 ratio is similar to
past LDP liquid samples from the pit and not similar to waste samples from the tank or the
annulus (Figure 3-30). The overall concentration of radionuclides in the crawler sample
compared to other Tank AY-102 samples is shown in Figure 3-31. The overall concentration of
Sr-90 is similar to annulus materials, but the more mobile component. Cs-137, is much lower
than any of the tank or annulus materials.

Table 3-1 Crawler Solids Laboratory Results

Radionuclides
Cs-137 0.126 uCi/gm
Sr-90 1.67 uCi/gm
Cs-137/Sr-90
Element ug/e
Iron 487000
Calcium 10800
Manganese 3490
Aluminum 1680
Lead 1380
Anions Trace NO3. NO2, Sulfate (20-40 ppm)
{Analysis not performed for Oxide. Hydroxide, Carbonate)

Lmail. Gary Cooke to T.). Venetz dated 12/1272013. Preliminary results firom Solid Phase Characterization of AY-102
LDP RPC
“ Email. Due Nguyen wo T.J, Venetz dated 12/13/2103, F17 20131349 AV 102 Craveler Prefim Results w o ICP
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Cs-137 and Sr-90 Concentrations in AY-102 Samples
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Figure 3-31. Cs-137 and Sr-90 Concentrations of the Crawler Solids Compared to other
AY-102 Samples
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Polarized Light Microscopy of Recovered Solids

Visually. the sample consisted of dry. rust-brown. flighty solids. Sample preparation indicated
that few (if any) of the solids were water-soluble. The sample contained several different types of
solids. but none appeared to be sodium salts of the type commonly found in tank waste.

X-ray Diffraction Analysis of Recovered Solids

X-ray Diffraction Analysis (XRD) showed no diffraction peaks. consistent with crystalline
phases identified in Hanford tank waste. were observed in the sample. Quartz, graphite. calcite.
and three iron-bearing phases were observed in the sample. In general, these findings are
consistent with particulate derived from soil, concrete, carbon steel corrosion products. and
graphite from the slip plates. The minor and major phases reported by XRD analysis are shown
in Table 3-2.

Table 3-2. Major and Minor XRD Phase Identification in the Crawler Solids

Chemical Name | Mineral Name Formula Relative Amount
Silicon Dioxide Quartz Si02 Major
Carbon Graphite C Major
Iron Oxide Maghemite Fe203 Major
Iron Oxide Hydrate | Lepidocrocite FeO(OH) Major
Iron Oxide Hematite Fe203 Minor
Calcium Carbonate Calcite CaCO3 Minor

Scanning Electron Microscopy Analysis of Recovered Solids

In decreasing order of abundance, iron. oxygen, silicon, calcium manganese, potassium. and
aluminum were detected. The particle types, which dominate the sample surface. have
chemistries and morphologies that are consistent with rust or mill scale. Quartz (see Figure
3-32). plagioclase and potassium feldspars, and vermiculite were all observed. The source of the
calcite identified in the XRD spectrum could be from the soil. precipitated from vadose zone
waters. or could be an alteration product of cement. Minor iron. present in all of these spectra, is
derived from the ubiquitous rust/scale particles. There was no evidence of particles with
chemical signatures consistent with tank waste. Specifically. no sodium-rich, potassium-rich.
nitrate. sulfate, or phosphorus bearing salts were found. Graphite was identified as a discrete
phase present in the sample (see Figure 3-33) and is likely from the dry lubricant installed to
reduce friction on the bearing plates between the concrete wall and foundation.

3-18



RPP-RPT-56464. Rev. 0

35,000
30,000
25,0001

8 20,0001 |-

g .

b= | E

o J

O 15,000

10,000

5,000-

0

Figure 3-33. SEM Image (Left) and EDS Spectrum (Right) showing Graphite in Crawler Sample
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4.0 DISCUSSION

A summary of the key observations is provided from the recent crawler inspection and other
considerations from past experience. These points suggest a plausible explanation for what was
observed in the LDP drain piping and how that relates to LDP intrusion. These observations are
discussed further in Section 4.2.

4.1 SUMMARY OBSERVATIONS

From Crawler Inspection

Specific source of intrusion not observed — Prior to inspection. it was assumed that the
intrusion was liquid migrating through the expansion joint between the vertical concrete sidewall
and the foundation pad. The expectation was that the first tee might show the presence of liquid
because it drains from a point nearest this joint. Both tees were dry and did not show the
presence of any liquid.

Wet areas of the drain — The drain was wet from the center of the tank to the second tee
connection (mid-point) away from the LDP and from between the second and third elbows down
to the LDP sump. This second area matched the liquid level prior to pumping down the LDP
(six days before the inspection).

Debris in drain piping — Although the debris proved to be an impediment to the crawler and
may cause a delay in the flow of waste to the LDP. it is insufficient to restrict the flow of a
substantial amount of liquid to the LDP. If small leaks occur in the secondary liner, it is unlikely
that the waste would reach the LDP sump in a timely fashion with or without the presence of the
debris. This conclusion is based on the rate of flow of waste from the Tank AY-102 primary
tank. in which waste has moved slowly over a year or more to cover a relatively small fraction of
the liner floor.

Radiation and chemical analysis on the crawler residue

The dose readings taken in the field and the laboratory were 12-27 mRad/hr window open.
<0.5 mRad/hr window closed, respectively. A lower dose rate was reported in the laboratory.
The primarily beta particle dose is consistent with past surveys of the equipment removed from
the sump.

Radionuclides. Cs-137 and Sr-90. were present in low concentrations and in a ratio similar the
LDP samples. There was no evidence of particles with chemical signatures consistent with tank
waste. Specifically. no sodium-rich. potassium-rich, nitrate. sulfate. or phosphorus bearing salts
were found. These results indicate the material analyzed from the crawler was not tank waste.

Other Considerations

Temperature gradients in the foundation — The annulus air is distributed radially through a
central plenum in the refractory layer. which leaves the refractory and concrete foundation cooler
in the middle and warmer toward the outer radius of the tank by approximately 20 °F. as
discussed in Section 1.2.
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Vacuum and water intrusion — The liquid level rise stops during the periods when the annulus
exhaust is shut down and the vacuum is off. This correlation suggests that the vacuum drawing
air into the drain system plays a role in the intrusion. The rate of intrusion does not appear to
vary with seasonal temperature fluctuations.

Airflow through the drain line — There is airflow through the drain line, seen as bubbles. when
the liquid level rises to the top of the drain; there is also positive indication when using a
physical item to detect airflow. The motive force for the airflow is a connection with the annulus
exhaust ventilation system via a 2-in. pipe that routes from the LDP riser to the 6-in. annulus
vent header. The airflow stops when the liquid level rises to a point such that the 6-in. drain line
is submerged.

Condensation in LDP — Prior visual inspections of AY and AZ Farm LDPs show condensation
in the form of droplets in the sump tank. along the wall of the riser. and in the pump pit near-
grade. The visual inspections show fogging conditions in the riser on some occasions. These
condensation droplets are formed due to the air rising in the 24-in. riser towards grade. As the
warm, moist air rises and cools to the temperature of the surrounding structure, an ideal
environment for surface condensation is created once the dew point is reached.

Moisture sources — There are two potential sources of moisture at the tank: humid air in the soil
and liquid. Most of the single-shell tank (SST) farms exhibit higher soil moisture protiles
compared to native soil. The original excavation has a layer of low-moisture permeability soil at
the base of the excavation. Although water-saturated soil is not expected. the air present in the
pore-space of the soil that may be drawn in at the foundation level is likely be at 100 percent
refative humidity (Hillel 1998).

Additionally. the tank domes creates an umbrella effect that directs moisture into the soil next to
the tank. Past construction reviews have shown the rainfall and snowmelt flow through a
construction joint in the dome concrete and enter the annulus. This finding shows that adequate
quantities of moisture exist from the umbrella effect of dome runoff to be present at the
foundation groove.

4.2 POSSIBLE INTRUSION PATHWAYS

As previously discussed, WRPS addressed the potential of waste being the source of intrusion in
the LDP sump in RPP-RPT-55939 and showed the intrusion was not from the secondary liner.
The following other potential pathways for intrusion are discussed in this section:

* A crack or pit in the sump tank;
» A crack or pit in the drain line; or
* Airinleakage through the concrete wall/foundation joint and condensation in the LDP.

Sump tank - Cracks or pits in the sump tank above the normal liquid level could be possible
based on the age and service of the system. The previous inspections showed the LDP sump is
in relatively good condition. taking into account the presence of stagnant water and the humid
atmosphere for long periods of time. There is no supporting visual evidence of cracking or
pitting from the visual inspection or the previous inspections. Intrusion at or above the liquid
level ceiling would be visible by stains around the crack or pit and by streaks from flow of the
liquid down to the sump. There are some streaks on the wall, but these streaks occur near the
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condensation transition point. This transition point was observed in previous inspections when
the camera was lowered and condensation occurred on the camera lens.

The sump itself is well below this transition and ofters no temperature differential to support a
condensation mechanism in the sump. Below the liquid ceiling level there is no evidence of
leakage or loss of liquid level. which should occur when the ventilation system is shut down.
The leakage should happen under this condition, because equilibrium established with the
ventilation would have shifted and the water would seek a new equilibrium level.

Drain line — As with the sump tank. cracks or pits could potentially be present in the drain line.
but no evidence of either defect was found in the visual inspection.

» In the dry portions of the line, any defects would show the presence of liquid such as
pooling or flow patierns. The inspection did not find any such patterns.

* In the wet section. as with the dry section. there was no evidence of cracks or pits in the
portion observed. [f defects were present in the portion not observed or potentially under
the mud present in this section, this liquid would have to move through the dry portion of
the drain line. There 1s no evidence of moisture from the center of the tank flowing into
the LDP sump.

Air inleakage/condensation — Vacuum applied to the LDP system may be pulling moisture
from the surrounding soil through the 6-in. drain line into the sump and the 24-in. riser. The
pathway is likely at the polysulfide-sealed slide plate joint between the footing and the bottom of
the concrete side wall. The soil in this location is warmed by contact with the tank wall. This
relatively warm. moist air is drawn in 57 ft below-grade and can condense in cooler parts of the
LDP drain system if the temperature ditferential is sufticient.

The 4-in. drains coming into the 6-in. drain line draw from warmer areas of the secondary liner
bottom and concrete foundation and showed no condensation. These warmer areas would heat
the moist air. reducing the relative humidity below the saturation point and account for the dry
condition in the 4-in. drains and the central portion of the drain line.

When the ventilation system is operating. the coolest part of the tank bottom and foundation is
the tank center, which is directly below the supply point for the inlet air stream. The cooler areas
underneath the tank center and outside the tank perimeter can condense moisture, which then
collects in the LDP. When the vacuum is oft, or when the LDP level is high enough to block
airflow out of the drain system into the LDP riser, there is no water accumulation because no
more humid air can be pulled into the foundation slots and drain system.

Humidity levels 60 to 70 ft below-grade are at. or near. saturation. As a rough approximation. a
10 to 15 °F temperature drop in saturated air and 10 to 20 ft*/min of airflow does produce a
condensation rate near the observed LDP fill rate of 2 to 3 gal/day. Based on the observations
from the inspection and the analysis above. the “air inleakage/condensation™ pathway offers the
best explanation.



RPP-RPT-56464. Rev. 0

5.0 RECOMMENDED PATH FORWARD

The inspection of the drain line for the Tank AY-102 LDP has not definitively identified the
source of moisture in the LDP. Conditions in the LDP drain line indicate a high probability that
a significant leak through secondary containment would be collected in the LDP. Although the
continuing intrusion could indicate a leak. sampling the contents of LDP prior to transfer will
confirm whether or not waste material has entered the pit. Further exploration of the leak
detection system is unlikely to alter the intrusion or increase understanding of its source.
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Appendix A

LEAK DETECTION PIT INTRUSION RATES AND VACUUM
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The level history of the Tank AY-102 LDP is provided in RPP-ASMT-53793. Tank 241-4Y-102
Leak Assessmient Report, and RPP-RPT-55666. Double-Shell Tank Tertiary Leak Detection
System Evaluation. both of which identify a correlation of leak detection pit (LDP) level increase
with annulus ventilation system operation. Liquid levels are measured manually via a dip tube
system, and the liquid volumes can be calculated from these liquid level readings.

The level in the Tank 241-AY-102 (referred to herein as Tank AY-102) LDP was stagnant
at about 25 in. from 2010 until the primary tank was discovered to be leaking. As part of
the leak assessment, the LDP was pumped to ensure the integrity of the secondary liner.
Since then, the LDP has been pumped regularly as it refills. When the annulus ventilation
system is operating, the filling is nearly constant at a rate of 2 to 3 gal per day (

Figure A-1 shows the accumulation periods).

bt arirplat-ht s S-a Structure AY102-LDP Liquid Volume Trend
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End Date: 1172572043

Data Types: Good Transcribed

,/ = LOP pumped

200.0 |
— 150.0 v
0
[ =
S
©
2
)
E 100.0
2
Q ¥
>

50.0 -t

! | ] II‘".
0.0 I 1.B5 gal/day Incrense I I 3.48 gal/day increase J 1 2.92 gal/day increase [ 1,87 gal/day increase
“Jul 12 Oct 12 Jan 13 Apr13 Jul13 Oct 13 Jan 14
Date
| Exhauster Outages —— Liquld Volume |

Figure A-1. Tank AY-102 Leak Detection Pit Level
Showing Nearly Constant Level Increase

This increase occurs up to a specitic liquid level where the liquid completely covers the 6-in.
drain line at the entrance to the 24-in. riser for the LDP. After reaching this liquid level. the
increase stops regardless of the operating status of the annulus ventilation system, Additional
evidence of this level is shown by water lines in the drain line seen during the visual inspection.
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Additional discussion on inleakage pathways is documented in RPP-RPT-55666. This document
makes two pertinent observations that demonstrate the correlation between water intrusion and
vacuum maintained in the LDP:

1. Level increases for the Tank AY-102 LDP began in 1998, which corresponds to retrieval
of single-shell tank {SST) 241-C-106 (Tank C-106). Tank AY-102 annulus ventilation
was modified, increasing negative pressure to very high levels (14 to 16 in. WC) and 1o
direct all incoming flow into the central air distributor through four 4-in. supply pipes
routed through the refractory insulating concrete between the primary and secondary steel
liners. This change was made to increase cooling along the tank bottom, which was

anticipated to become very hot from the high-heat waste being transferred from
Tank C-106.

2. When the liquid level slightly exceeds the top of the tertiary LDP drain line, the water
level creates a vapor seal, which effectively seals off the drain system from annulus
vacuum pressures and the increase of liquid levels in the LDP stops (discussed in
Section 1.3).

Tank AY-102 Leak Detection Pit Activity Levels

As part of the pumping procedure. samples have been routinely taken from the liquid in the LDP
sump tank and occasional smears have been taken from the pump used to remove liquid from the
sump tank. The sample results have shown a low concentration of radionuclides. and smear
results show low levels of contamination (near background). which do not suggest waste leakage
through the secondary liner into the tertiary leak collection system.

On June 20, 2013. the LDP was pumped without first having a sample taken. The field readings
showed a higher than expected dose rate. and the smear taken showed elevated levels of
contamination. These findings led to an investigation of the pump and additional sampling. This
investigation, documented in RPP-RPT-55939. Tank 241-4Y-102 Secondary Liner Integrity
Investigation Results, concluded that no waste had breached the secondary liner.

Liquid Samples from the Leak Detection Pit Sump Tank

The water that steadily accumulates in the Tank AY-102 LDP consistently has low levels of
detectable contamination. The Tank AY-102 LDP was sampled once in 2007, twice in 2012
prior to pumping, after pumping the LDP in June 2013 when high background was noted. and
again in July. twice in August, and in November about four days prior 1o the LDP drain line
inspection.

The results for these sampling events are summarized in Table A-1. The results show low but
detectable levels of contamination, near-neutral pH. and low concentrations of a common
groundwater ion (nitrate). The concentration of 1375 is much less than *Sr. more indicative of
legacy contamination that has been water-leached many times and not consistent with current
leakage of tank waste. as discussed in RPP-RPT-55939,
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Table A-1.  Sampling Results

Dec Sept July Augih
Analyie 2007" 2012 20137 2013*

Fics  33-63 22-24 14-17 26~-28 21-25 14-15 14-17 13-~16

(10%) (10%) (10%) 0% (109 (10%) (10%) (10%
nCi/mL pCi/mL puCifmL  pCifmL. pCi/mL pCi/mL uCi/mL pCi/mL
gy 55-56 B:2=23 Si| =82 42-43 25-37 40-4) 34-36 @ 24-32
(107) (107) (107 (109 (107 (107 (107 (107
pCiml nCi‘mL pCifml. pCifmL p€iimlL pciiml pEirml pCifmb
pH 7.9-8.1 6.6-6.9 77-78 82-83 74-77 74-76 72-74 71-72
NG 13,3 — 1.83— 1.91 49 -5 22— 234205 206268 2.66—2.72 L80-732
3.4 pameL pefml 241 peiml pgiml pgimb peimb
paimL pe/mb.
Appearance Clear, Clear colorless,  Clear Clear Clear Clear Clear Clear
colorless trace amount of colorless colorless colorless  colorless  colorless  colorless
brown liquid, trace liquid, no fiquid,no  Tquid, no liquid liquid
suspended amount of  solids solids solids

solids black solids

* RPP-RPT-55939, 2013, Tank 241-4Y-102 Secondury Liner Integrity Investigution Results, Rev., 0,
Washingten River Protection Solutions, Richland, Washington.

® Nguyen, D. M.. 2013, “*Results of AY-102 LDP Samples Taken on 11-5-13." (email to T. J. Venetz,
November 18), Washington River Protection Solutions, LLC, Richland, Washington.

In Figure A-2. the ratio of '*'Cs to *Sr is shown for all LDP sampling events. The ratio is also
shown for all Tank AY-102 annulus samples, the Tank AY-102 waste itself (supernatant and
interstitial liquid), and Tank SY-103 LDP samples. This pit was contaminated when tank waste
was misrouted during the 1970s and has been flushed extensively. The data shows that the
material in the LDP is distinctly different than any of the material that has leaked into the
annulus or waste in the tank.
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Figure A-2. Ratio of YCsSr in Tank AY-102 Leak Detection Pit Samples
Compared to Other Sources Known to be Waste

Past Contamination on Leak Detection Pit Pumping Equipment

On June 20, 2013. during routine pumping of the Tank AY-102 LDP. higher than normal dose
rates were seen during pumping and high contamination levels were noted on the transfer pump.
High, predominately beta contamination was measured (resulting in a direct dose rate of

3.5 mRad/hr window open. <0.5 mRad/hr window closed) and contamination measurements of’
800.000 dpm were tfound on the submersible pump. These two field readings raised concerns that
tank waste from the secondary liner may have leaked into the LDP.

Prior to and after this June 2013 event, contamination levels on the LDP pump were noted (again
primarily beta contamination) but with dose rates more on the order of less than 1 mRad/hr
window open and contamination levels typically on the order of 10 to 30.000 dpm or less. As
shown in Figure B-2. the concentrations of the radionuclides in the LDP liquid samples have
remained relatively unchanged since 2007.

The WRPS follow-up investigation, documented in RPP-RPT-55939. concluded that a leak from
the secondary liner into the LDP has not occurred. This evaluation included detailed forensics of
the pump and sample analyses performed by the 222-S Laboratory. The investigation
recommended the inspection of the LDP drain line as a confirmatory action to demonstrate that
no waste has leaked into the LDP.
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Appendix B

TANK AY 102 TEMPERATURE GRADIENTS IN THE REFRACTORY AND
FOUNDATION
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Temperature data for the concrete foundation and refractory of Tank AY-102 was gathered for
RPP-ASMT-53793. Tank 241-AY-102 Leak Assessment Report. This data provides an indication
of temperature during normal operations (annulus ventilation on) at three radial locations: 7 f
(inner), 21 ft (middle). and 36 ft (outer) radially from the center of the tank. which roughly
corresponds to the locations of the drain legs to the leak detection pit. These temperatures in the
refractory and concrete foundation are the best indicators currently available of temperatures in
the leak detection pit drain piping due to their location. Nominal normal operating temperatures
presented in Table B-1 are extracted from Figure B-1 through Figure B-5. which examine the
period from July 2007 to July 2010.

Table B-1.  Normal Operating Temperatures

Concrete Ghserved Average
Refractory foundation difference Estimated lemperature foundation
(°F) (*F) (°F) (°F) (5F)
Inner 75-105 NIA 7590 82.5
x Minimum: 03
Middle 90-130 95-110 Maximums: <1 S45 N/A 102.5
Outer 105-120 100-110 N/A 105

The inner thermocouples of the concrete foundation have not produced usable data since prior to
1980. The temperature of the concrete foundation at this location can be estimated by observing
the temperature drop from the refractory 10 the foundation at the other two radial locations and
applying it to the observed refractory temperatures.

Assuming the leak detection drain piping is pulling air/liquid that is in thermal equilibrium with
the concrete, the air pulled in from the center of the tank is approximately 20 °F cooler than
through the other drain legs. The cooler air could explain moisture dropping out in the tank-
center portion of the drain piping and the warmer air preventing condensation in the middle
section of the drain piping. Moisture in the section nearest the leak detection pit is explained by
the observed filling of the pit via condensation on the pit sidewalls and potentially on the last
section of the drain piping as the distance from the tank (the heat source) increases.
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Figure B-2. Tank AY-102 Embedded Refractory Thermocouples (21-ft ring)
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Figure B-3. Tank AY-102 Embedded Refractory Thermocouples (36-ft ring)
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Figure B-4. Tank AY-102 Concrete Base Thermocouples (21-ft ring)
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