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Revisions for Los Alamos National Laboratory Nitrate Salt-Bearing Waste Container Isolation Plan,

Revision 5

Location

Activity Supported

Description of Changes

Throughout Plan

General update.

Change to the revision number of the
isolation plan and move present and future
words to past tense where appropriate.

Table of Contents and
List of Attachments

General update.

Changes that reflect new page numbers.

I. Introduction

General update.

Changes reflect the intent of Revision 5,
changes the text for Revision 4 to past
tense.

Editorial changes also made for consistency
with the rest of the document.

1.1 Background

General update.

Removal of the word “current” as it is no
longer accurate for the storage of
unremediated nitrate salt waste
containers.

11.17 Background

Update to reflect addition
of pressure relief device
with supplemental
filtration of remediated
nitrate salt-bearing waste
containers.

Addition of bullet to reflect the decision to
add pressure relief devices with
supplemental filteration to remediated
nitrate salt-bearing waste containers.

IV.2 Immediate and
Current Actions for
Remediated Nitrate Salt-
Bearing Waste
Containers

Update to reflect addition
of pressure relief device
with supplemental
filtration of remediated
nitrate salt-bearing waste
containers.

Addition of text to reflect that this process
will require the removal of the tamper
indicating devices.

IV.7 Immediate and
Current Actions for
Remediated Nitrate Salt-
Bearing Waste
Containers

General update and
description of temperature
monitoring after addition
of pressure relief device
with supplemental
filtration.

Editorial change to refer to overpack
containers generally and to add a
description of temperature measurements
from and visual inspections of the 55-gallon
remediated nitrate salt-bearing waste
container.

IV.8 Immediate and
Current Actions for
Remediated Nitrate Salt-
Bearing Waste
Containers

General update.

Changes to reflect that overpacks for
remediated nitrate salt-bearing waste
containers will not be moved prior to, or
after, the addition of the pressure relief
devices with supplemental filtration and
the addition of past tense to closed
standard waste boxes as protective shields.

IV.11 Immediate and
Current Actions for
Remediated Nitrate Salt-
Bearing Waste
Containers

General update and
description of storage after
addition of pressure relief
device with supplemental
filtration.

Addition of a description of storage of 55-
gallon remediated nitrate salt-bearing
waste containers will be managed after
opening of the overpack containers.
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Location

Activity Supported

Description of Changes

IV.12 Immediate and
Current Actions for
Remediated Nitrate Salt-
Bearing Waste
Containers

General update and
description of head space
gas sampling after addition
of pressure relief device
with supplemental
filtration.

Editorial changes were made to correct a
typographical error and for consistency
with the rest of the document. Additional
changes reflect current head space gas
sampling and the continuation of sampling
after removal overpack container lids.

IV.13 Immediate and
Current Actions for
Remediated Nitrate Salt-
Bearing Waste
Containers

General update.

Editorial change was made to clarify the
sentence.

IV.16 Immediate and
Current Actions for
Remediated Nitrate Salt-
Bearing Waste
Containers

Addition of section to
reflect addition of pressure
relief device with
supplemental filtration of
remediated nitrate salt-
bearing waste containers.

Changes made to describe the process that
will be used to add pressure relief devices
with supplemental filtration to remediated
nitrate salt-bearing waste containers.

IV.17 Immediate and
Current Actions for
Remediated Nitrate Salt-
Bearing Waste
Containers

General update.

Renumbering of section to accommodate
addition and editorial change.

VIII. Immediate Action
Implementation
Schedule

Updated to incorporate a
schedule for the addition of
pressure relief device with
supplemental filtration.

Text added to reflect the schedule for
addition of pressure relief device with
supplemental filtration.
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l. Introduction

On May 19, 2014, the Department of Energy (DOE) and the Los Alamos National Security, LLC
(LANS) (“Permittees’) received Administrative Order No. 5-19001 (“Order”) issued by the New
Mexico Environment Department (NMED). The Order, at paragraph 18, required the Permittees
to submit a LANL Nitrate Salt-Bearing Waste Container Isolation Plan (“Isolation Plan”). The
Isolation Plan was submitted by 2:00 PM on May 21, 2014.

On May 23, 2014, NMED approved the Isolation Plan contingent on the submittal of a revised
Isolation Plan that incorporated additional requirements (“Revised Isolation Plan”). NMED
required the Permittees to address all of the items enumerated in their May 23, 2014 letter,
incorporate those changes and resubmit the Revised Isolation Plan by May 29, 2014. The
Revised Isolation Plan was submitted on May 29, 2014.

On August 29, 2014, NMED approved the Revised Isolation Plan with modifications. NMED
required the Permittees to address all of the items enumerated in their August 29, 2014 letter,
incorporate changes and resubmit the Plan (“Isolation Plan, Revision 2”) to NMED no later than
September 19, 2014 for final review and approval.

The Isolation Plan, Revision 2 incorporated the modifications enumerated by NMED and was
submitted to the NMED on September 19, 2014. It included description of how the Permittees
isolated and secured all nitrate salt-bearing waste containers currently stored at Los Alamos
National Laboratory (LANL) and information on characterization assessments conducted by the
Permittees. Isolation Plan, Revision 3, included the addition of four remediated nitrate salt-
bearing waste containers into isolation in the Technical Area 54, Dome 375 (TA-54-375) Perma-
Con®.

Fhis-Isolation Plan, Revision 4, medifiesmodified and updatesupdated the plan to include the
following: ehanges-te-the-precedureupdated procedures that will be utilized in the event of
abnormal conditions for nitrate-salt-bearing waste containers located at the TA-54-375 Perma-
Con®:-updates-the-procedure® and used for monitoring waste containers; remeval-efremoved
the term “ suspect” when referring to four waste containers discovered in February and March
2015; updatesupdated status information for containers located at LANL; iatreducesintroduced
additional flexibility in temperature measurement equipment;-changes; changed the visual
inspection frequency from hourly to daily;; and eerperatesincorporated NMED-directed
changes to the frequency of written submittals to NMED from daily to monthly. Lastly, this
reviston+remeveslsolation Plan, Revision 4 removed attachments that are not necessary to
describe the present practices for nitrate salt-bearing waste containers on-site at LANL and
ineludesincluded updated language for monitoring and potential response triggers/actions.

LA-UR-15-2928716-21411
DPecember2015
March 2016



This Isolation Plan, Revision 5, incorporates the Permittees’ plan to remove the overpack
container lid from the 55-gallon remediated nitrate salt-bearing waste containers and add a
pressure relief device with supplemental filtration to the waste container. Additional changes are
also incorporated to correct language and provide for additional waste container sizes.

The planlsolation Plan describes how the Permittees continue to secure and isolate remediated
nitrate salt-bearing waste containers, so that a potential release from them at LANL does not
pose a threat to human health or the environment. This plan also includes information on other
nitrate salt-bearing waste streams that are currently being managed-er+reevaluated at LANL, and
general information concerning remediation planning for unremediated and remediated nitrate
salt waste containers currently stored at LANL.

Additional measures to those described in Isolation Plan, Revision 4 may also be taken and will
be identified to NMED during the technical calls established in Section IX.

I1. Background and General Implementation Updates

1) On May 1, 2014, the Waste Isolation Pilot Plant (WIPP) declared a potentially inadequate
safety analysis (PISA) on the possibility of unremediated nitrate salt-bearing waste
contained in waste packages at WIPP. On May 2, 2014, LANS convened a critique to
perform an extent of condition on the PISA issued by WIPP. As a result of the critique,
the Permittees implemented several corrective and precautionary actions immediately to
ensure protection of human health and the environment. The Permittees identified the
eurrent-storage locations of all remediated and unremediated nitrate salt-bearing waste
containers. The Permittees moved all remediated nitrate salt-bearing waste containers
into TA-54, Area G, Dome 230 (because Dome 230 has an active fire suppression
system) and daily temperature measurements of each container commenced.
Additionally, continuous radiological air monitoring was initiated in Dome 230. Finally,
any further processing of nitrated salt waste streams was suspended and all transuranic
(TRU) waste shipments from LANL were paused.

2) On May 15, 2014, WIPP released photographs showing a LANL drum containing
remediated nitrate salt-bearing waste that appeared to be breached in Panel 7, Room 7.

3) On May 16, 2014, the Permittees convened a critique to review the new information. A
PISA was declared (ORPS NA-LASO-LANL-WASTEMGT-2014-0004) on the
possibility of inadequate safety basis controls specified for the remediated nitrate salt-
bearing waste. As a result of the critique, the Permittees implemented several corrective
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and precautionary actions immediately to ensure protection of human health and the
environment.

4) On May 18, 2014, the Permittees completed the overpacking of all originally identified
remediated nitrate salt-bearing waste containers at LANL into Standard Waste Boxes
(SWBs). There were 57 remediated nitrate salt-bearing waste containers at LANL, and
these were overpacked into 55 SWBs. (As part of the original packing configuration, 2
SWBs each have 2 remediated nitrate salt-bearing waste containers.)

5) On May 20, 2014, the Permittees held the initial meeting of their Remediation Team.
(See Section VI below for additional information.)

6) On June 3, 2014, the Permittees completed the move of all unremediated nitrate salt-
bearing waste containers to the Perma-Con® in Dome 231 located at TA-54, Area G, and
all remediated nitrate salt-bearing waste containers were moved to the TA-54-375 Perma-
Con®.

7) OnJune 5, 2014, the Permittees conservatively applied Environmental Protection Agency
(EPA) Hazardous Waste Number D002 to 26 unremediated nitrate salt-bearing waste
containers that contain free liquids. The following describes the Permittees’ regulatory
basis, reasoning and analysis for assigning this EPA Hazardous Waste Number. (See
also, Permittees’ letter to NMED dated September 5, 2014, ADESH-14-088).

During a review of operating records associated with the remediation of nitrate salt-
bearing TRU wastes, the Permittees determined that a few of the parent containers were
noted as having liquids with a pH of 2 or less. (See ES Nitrate Salt Waste Containers at
WCS, WIPP Panel 7, and LANL Data Summary, May 17, 2014,
http://www.nmenv.state.nm.us/NMED/Issues/documents/ESNSWasteContatWCS-WIPP-
LANLS5.17.14.pdf). Based on this information, LANL evaluated the remaining
unremediated nitrate salt-bearing waste containers to identify those with free liquids
using real-time radiography (RTR) and high-energy RTR (HERTR) analysis. RTR
analysis identified that 26 of the 29 containers contained free liquids. As a conservative
measure, based on this information, LANL applied the D002 EPA Hazardous Waste
Number to these remaining unremediated nitrate salt-bearing waste containers identified
with free liquids.

Videos of 27 RTR fast scans were provided to NMED on September 5, 2014. (ADESH-
14-088). Asexplained in the Permittees September 5, 2014 letter, RTR video recordings
are not available for 2 of the 29 unremediated nitrate salt-bearing waste containers as
historically RTR video recordings were not created.
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8) OnJune 18, 2014, the Permittees began headspace gas (HSG) sampling on all SWBs
containing remediated nitrate salt-bearing waste containers. The Permittees’ intent was to
conduct HSG sampling on each of the 55 SWBs stored in the TA-54-375 Perma-Con®.
This HSG monitoring was an additional measure above those described in the original
May 19, 2014 Isolation Plan and the May 29, 2014 Revised Isolation Plan. When all 55
SWBs were sampled the Permittees transitioned to sampling a subset of the 55 SWBs on
a regular basis.

9) OnJuly 25, 2014, the Permittees conservatively applied EPA Hazardous Waste Number
D001 to the remediated and unremediated nitrate-salt bearing wastes stored at LANL.
The following describes the Permittees’ regulatory basis, reasoning and analysis for
assigning this EPA Hazardous Waste Number. (See also, Permittees’ letter to NMED
dated September 5, 2014, ADESH-14-088.)

Unremediated Nitrate-Salt Bearing Waste. On May 22, 2014, LANL received analytical
results from two samples taken from an unremediated nitrate salt-bearing waste drum
stored at Area G, Dome 231. (These results were provided as Attachment A to the
Permittees’ letter to NMED dated September 5, 2014, ADESH-14-088). The results
showed the presence of nitrate compounds listed on the US Department of Transportation
(DOT) Division 5.1 Oxidizers table under the DOT rules at 49 CFR 8§173.127.
EPA/NMED require hazardous wastes that qualify as a 5.1 DOT oxidizer to be managed
as a RCRA waste (D001) under 40 CFR 8261.21(a)(4). Although the analytical results
apply to one (1) unremediated drum, the Permittees determined to conservatively label
the remaining drums with the D001 Hazardous Waste Number.

Remediated Nitrate-Salt Bearing Waste. As described in CCP’s Acceptable
Knowledge Summary Report for Los Alamos National Laboratory TA-55 Mixed
Transuranic Waste (CCP—AK-LANL-006, Rev. 13, which includes waste stream LA-
MINO02-V-001), on page 142, LANL previously determined that these nitrate salts did not
meet the definition of a DOT oxidizer. However, to further support managing these
specific nitrate salt wastes as non-ignitable, LANL determined to remediate and
repackage this waste with an inert material (e.g., zeolite/Kitty litter) with a minimum
absorbent material to nitrate salts mixture ratio of 1.5 to 1. This ratio was based on
results of oxidizing solids testing performed by the Energetic Materials Research and
Testing Center (EMRTC) and a white paper authored by the LANL-Carlsbad Office
Difficult Waste Team (DWT), Amount of Zeolite Required to Meet the Constraints
Established by the EMRTC Report RF 10-13: Application to LANL Evaporator Nitrate
Salts (See, Attachment B to Permittees’ letter to NMED dated September 5, 2014,
ADESH-14-088). The EMRTC testing established the concentration at which the most
reactive mixture of sodium and potassium nitrate becomes a non-oxidizer when mixed
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with either zeolite or grout. Based on the EMRTC testing, the LANL DWT concluded
that the results can apply to LANL’s non-cemented nitrate salts.

As previously reported, LANL remediated and repackaged certain nitrate-salt bearing
waste containers using an organic Kitty litter, and not a zeolite-based kitty litter (see
Letter from Permittees to NMED Secretary Flynn dated July 1, 2014, Addendum to the
Los Alamos National Laboratory Hazardous Waste Facility Permit Reporting on
Instances of Noncompliance and Releases for Fiscal Years 2012 and 2013). This type of
absorbent did not comport with the EMRTC testing or the LANL DWT recommendation.

To date, the Permittees have not sampled a remediated nitrate salt-bearing waste drum.
Between July 22 and 29, 2014, LANL had surrogate samples of the waste tested by
Southwest Research Institute of San Antonio, Texas. The surrogates were formulated
using materials to approximate the remediated nitrate salt waste including Swheat™ kitty
litter and a mixture of nitrate salts in both wet and dry samples. The samples were
analyzed using US Environmental Protection Agency’s Test Methods for Evaluating
Solid Waste, Physical/Chemical Methods (SW-846) Method 1040 (which is based on a
test method adapted from the United Nations regulations and classification procedures for
the international transportation of dangerous goods) to determine whether the D001
designation code could apply.

On July 25, 2014, the Permittees received preliminary, un-validated results from this
testing that indicated that the surrogates sampled could be classified as oxidizers. Based
on these results, LANL determined that it could not exclude the application of D001 to
the remediated nitrate salt-bearing wastes. Based on this information and consultation
with the Carlsbad Field Office, LANL determined to conservatively apply D001 to the
remaining remediated nitrate salt-waste containers stored at LANL.

The final analytical reports for this test and all of the other testing that was conducted was
included as an attachment to Isolation Plan, Revisions 2 and 3.

10) On September 3-5, 2014, the Permittees had additional surrogate samples representative
of the remediated waste tested by Southwest Research Institute of San Antonio, Texas to
determine if the surrogate samples meet the DOT oxidizer criteria when tested in
accordance with the UN Manual of Tests and Criteria under DOT rules at 49 CFR
173.127 (a) in addition to SW-846, Method 1040. The surrogates for the remediated
nitrate salt waste were comprised of a mixture of Swheat™ Kitty litter and sodium nitrate
in a ratio of 3:1. This mixture represents the main components of interest in the
remediated waste, i.e., the organic Kitty litter and the principal nitrate salt as indicated by
the May 22, 2014 analysis. The additional testing determined that the surrogate mixture
was a DOT Oxidizer, Packing Group Il by the DOT test and a Category Il oxidizer by
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Method 1040. Additional analytical tests for ignitability have also been conducted on
various surrogates related the investigation of nitrate-salt bearing wastes.

11) The Permittees have finalized correspondence with Waste Control Specialists (WCS), the
Waste Isolation Pilot Plant (WIPP), and any other agencies related to the assignment of
EPA Hazardous Waste Number D001 to containers that were shipped to WCS and/or
WIPP. The Permittees have not yet received copies of corrected manifests. However,
upon receipt of the corrected manifests, the Permittees will provide them to NMED within
15 business days. The Permittees have provided NMED with all of the Permittees’
correspondence on this issue within Isolation Plan Revisions 2 and 3 by letter dated
October 22, 2015 (ENV-DO-15-0293).

12) In late February 2015, the Permittees identified an additional 3 parent containers
designated as within waste stream LA-MINO4 to be suspect nitrate salt-bearing waste
containers. The 3 parent containers produced 10 daughter waste containers: 3 daughters
are designated as LA-MDHO1 (i.e., debris) and 7 daughters are designated as LA-MINO4.
The 10 daughter waste containers are located at Waste Control Specialists (WCS) (2
containers), WIPP (4 containers), and LANL (4 containers). All 4 containers located at
LANL were in Pipe Overpack Containers (POCs). As a result of this reevaluation, the
Permittees determined that the 10 daughter waste containers are suspected to hold nitrate
salt-bearing waste.

13) On March 12, 2015, the Permittees identified an additional 2 parent waste containers
designated as LA-MDHOL1 (i.e., debris) to be suspect nitrate salt-bearing waste containers.
The parent waste containers produced 3 daughter waste containers also designated as LA-
MDHO1. The Permittees and CCP reviewed generator AK documentation, RTR videos,
and conducted interviews with SMEs to determine if these 3 daughter waste containers
held any nitrate-salt bearing wastes. As a result of this reevaluation, the Permittees
determined that the 3 daughter waste containers, located at WIPP, were suspected to hold
nitrate salt-bearing waste.

14) On March 27, 2015, the Permittees placed the POCs in the TA-54-375 Perma-Con®.

15) After the approval of LANL Isolation Plan, Revision 3 on April 27, 2015, the Permittees
discontinued visual and temperature monitoring of unremediated nitrate salt waste
containers and removed them from isolation and into compliant storage within another
permitted unit.

16) On August 13, 2015, the Permittees overpacked the POCs into 85 gallon overpack
containers within the TA-54-375 and placed them back in storage within the TA-54-375
Perma-Con®.
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17) In February 2016, the Permittees concluded that the addition of a pressure relief device
with supplemental filtration to the remediated nitrate salt-bearing waste containers was the
best approach to increase safe storage of these containers. This conclusion was based on
the Permittees continued evaluation of safe storage of these containers at LANL.

Waste Container Categories

The current inventory of nitrate salt-bearing waste containers covered by this plan and stored at
LANL can be divided into two categories: 1) remediated nitrate salt-bearing wastes; and 2)
unremediated nitrate salt-bearing wastes. A third category of containers that originated from the
nitrate evaporator and cementation operations within TA-55 are cemented legacy and newly
generated wastes and are not covered under this plan but are currently undergoing reevaluation
as described in Section VII.

This plan addresses isolation, securing and/or treatment of the remediated nitrate salt-bearing
wastes. In this plan, “remediated” containers are defined as LANL unconsolidated nitrate salts
that were remediated with kitty litter absorbent and were repackaged into new drums.
“Unremediated” containers are defined as LANL unconsolidated nitrate salts drumsto which
absorbent material has not been added. Isolation Plan, Revision 3, removed unremediated nitrate
salt-bearing waste containers from secured isolation and allows for the storage of these waste
containers in other compliant permitted storage at Technical Area (TA)-54, Area G.

To identify all of the nitrate salts-bearing waste containers generated, a focused review of the
generator records was conducted. Unconsolidated nitrate salts were only generated at TA-55 in a
specific room and glove box from 1979 through 1991. It is important to note that after 1991, all
nitrate wastes were cemented.

Following the original review of generator records, it was determined that all of the nitrate salt
parents exist as subsets in both a debris (LA-MHD01.001) and cemented (LA-CIN01.001-Cans)
waste stream. The LA-MHDO01.001 waste stream includes over a thousand containers, but only
164 original parent drums were determined to contain nitrate salts in the original assessment.
LA-CIN01.001-Cans waste stream also includes over a thousand containers, but only 103
original parent drums were determined to contain nitrate salts in the original assessment.

In total, there were 267 original nitrate salt parent containers identified during the initial query. A
large portion of these 267 parent containers had been remediated into nitrate salt daughter
containers. As a result, the original inventory of nitrate salt-bearing waste containers was 707.
After remediation, all of the remediated nitrate daughters were assigned to two homogeneous
absorption waste streams; LA-MINO02-V.001 and LA-MINO04-S.001. However, after Real-time
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Radiography (RTR), daughter containers may have been re-assigned to a final waste stream
based on the volume percentages of the final waste content.

The above-referenced waste streams, LA-MHDO01.001, LA-CIN01.001, LA-MIN02-V.001 and
LA-MINO04-S.001 are not solely dedicated to nitrate salts. All containers in waste streams LA-
MHDO01.001, LA-CIN01.001, LA-MINO02-V.001 and LA-MINO04-S.001 do not contain nitrate
salts and therefore, not all require isolation or management as nitrate salts.

The Permittees approach to the focused review discussed above was conservative. The original
list of 707 includes containers that contain nitrate salt-bearing waste or are suspected of
containing nitrate salt-bearing waste.

Additional information on the Permittees evaluation and identification of LANL nitrate salt
drums is provided in the Summary of Evaluation and Identification of LANL Nitrate Salt
Containers. (Attachment 1)

The inventory of LANL nitrate salt-bearing waste containers changed upon discovery of the
newly-identified nitrate salt-bearing waste containers in February and March 2015. This brought
the total inventory of nitrate salt-bearing waste containers to 720 containers. The total parent
containers was raised to 272 containers. Changes to the inventory were proposed in March 2015
when the Permittees presented NMED with a proposed inventory recommending the removal of
97 waste containers from the inventory. The NMED concurred with the removal of 10 of those
containers from the inventory on March 20, 2015. Three of the containers removed from the
inventory were original parent containers that were shipped off-site for direct disposal because
they did not require remediation. One of the containers removed from the inventory is located
within the TA-54-375 Perma-Con®.

As a result of inventory changes, the current total inventory of LANL nitrate-salt bearing waste
containers can be summarized as follows:

e 269 parent nitrate salt waste containers either remain parent containers or were remediated
for a total inventory of 710 nitrate salt-bearing waste containers.
0 29 of the 710 waste containers are parent nitrate salt waste containers that remain in
storage at LANL.
o Three of the 710 waste containers were shipped off-site for direct disposal because
they did not require remediation.
0 678 of the 710 waste containers are remediated nitrate salt-bearing waste containers.

Of the 710 identified nitrate salt-bearing containers, a total of 89 remain at LANL, 60 are
remediated daughter containers and 29 are unremediated parent containers.
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If any additional nitrate salt-bearing waste containers are identified based on new information,
these containers will be managed in the same manner as the currently identified nitrate salt-
bearing waste containers. The Permittees will notify NMED during the technical calls as
established in Section IX.

Characterization for the third category, cemented legacy and newly generated cemented wastes
from the nitrate processing line at TA-55, has recently undergone reevaluation, as discussed in
Section VII. These wastes do not require isolation, however, legacy cemented nitrate waste
containers generated since 1991 that contain free liquids have been conservatively
recharacterized as ignitable and corrosive.

V. Immediate and Current Actions for Remediated Nitrate Salt-Bearing Waste
Containers

There are currently 60 remediated nitrate salt-bearing waste containers at LANL. The Permittees
validated this number through review of data from the Waste Compliance and Tracking System
(WCATS) database and a field walk-down verification. Below is a description of the activities
the Permittees have taken and currently conduct to address isolating and securing the remediated
nitrate salt-bearing waste containers.

1) On May 16, 2014, LANS applied five LANL tamper indicating devices (TIDs) to drum
number 68685 as shown in the attached photo (Attachment 2, photo 1). This TRU waste
drum is the sister drum related to the breached drum at WIPP (drum 68660 was
confirmed as the damaged drum during the May 22, 2014 WIPP entry, and drum 68685 is
its sibling). Additionally, a member of the DOE Los Alamos Field Office observed the
application of the TIDs.

On May 16, 2014, drum number 68685 was placed inside an SWB along with three
empty dunnage drums (Attachment 2, photo 2) and was sealed. LANS applied two
additional TIDs to either end of the SWB as shown in the attached photo (Attachment 2,
photo 3).

On May 16, 2014, the empty parent containers for the two drums of initial interest (68660
and 68533) in the WIPP underground repository were identified onsite at LANL. Asa
result, LANS applied TIDs to both empty parent containers (69120 and 68359) during the
early afternoon of May 16, 2014. This evolution was observed by DOE Los Alamos
Field Office. Since that time S855793 was determined to be the parent container of
drums 68685 and 68660.
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These TIDs, and all subsequent TIDs, were installed in accordance with the LANL TID
User Manual, NMCA-TID-FWI-002 R.1 (Attachment 3) by trained and qualified LANL
TID users.

No additional TIDs have been applied to date, nor do the Permittees intend to install any
additional TIDs at this time. However, additional TIDs will be applied as necessary to
ensure that valuable information is not lost or as otherwise needed.

If directed to open the containers, the TIDs must be removed by qualified TID personnel
in accordance with the TID User Manual (Section 3.21). In this instance, a two-person
rule must be followed to verify chain of custody has been maintained and to verify that
the TID has been properly destroyed once removed. Additionally, to ensure the TIDs are
not removed without approval from the Facility Operations Director (FOD), they also
have postings that clearly address that the TIDs cannot be removed without FOD
approval.

Some or all of these TIDs will be removed as part of the addition of pressure relief
devices with supplemental filtration described in Section 1V.16.

2) On May 18, 2014, the Permittees completed overpacking the 57 remediated nitrate salt-
bearing waste containers at LANL into SWBs. These containers were first placed into
isolated storage in Dome 230 at TA-54, Area G, which has an active fire protection
system. This dry-pipe fire protection system is not included within the LANL Hazardous
Waste Facility Permit (“Permit”), Attachment D (“ Contingency Plan”) asit was
inoperable during the re-application process for the Permit. This system became operable
in November 2011, and currently the Permittees have chosen not to credit this system as
fire control equipment in the Contingency Plan.

3) Additionally, as described in Permit Attachment A.4.5 and Attachment D, TA-54 Area G,
Table D-2, fire control equipment is located throughout Area G, including Dome 230.
This equipment includes ABC-rated or BC-rated fire extinguishers and several fire
hydrants. These fire hydrants will supply water at an adequate volume and pressure to
satisfy the requirements of 40 CFR 264.32(d).

4) The Permittees moved all remediated nitrate salt-bearing waste SWBs originally
identified at LANL to the TA-54-375 Perma-Con® located at TA-54, Area G. This move
was completed on June 3, 2014.

5) The 4 newly identified remediated nitrate salt-bearing waste containers located at LANL
were moved from Domes 232 and 153 into the TA-54-375 Perma-Con® on March 27,
2015. These containers were overpacked into 85 gallon waste containers on August 13,
2015.
LA-UR-15-2928716-21411
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6) As described in Permit Attachment A.4.5 and Attachment D, TA-54 Area G, Table D-2,
fire control equipment is located throughout Area G, including TA-54-375. This
equipment includes ABC-rated or BC-rated fire extinguishers and several fire hydrants.
These fire hydrants will supply water at an adequate volume and pressure to satisfy the
requirements of 40 CFR 264.32(d).

The Los Alamos Fire Department (LAFD) is manned and available 24-hours a day. They
are able to utilize fire hydrants in the event of a fire or reaction. Additionally, the LANL
emergency management organization is also on call 24-hours a day, and will respond
promptly.

The TA-54-375 Perma-Con®, as a permitted unit, is authorized under the LANL Permit
for storage of mixed TRU wastes. The dry-pipe fire protection systems within the Perma-
Con® is not included within the Permit Contingency Plan as the Perma-Con® has
generally been used for processing waste containers, a process that requires added
safety/emergency controls more prescriptive than those of normal waste storage.
Therefore, currently the Permittees have chosen not to credit these systems as fire control
equipment in the Contingency Plan.

A pre-action fire suppression system (FSS) was installed in the TA-54-375 Perma-Con®
in February 2013. The FSS is designed as an ordinary group 2 pre-action sprinkler system
to protect the moderate hazard operations in the Perma-Con®. A drawing of the FSS in
Dome 375 is found in 375 Permacon Nitrate-Salt Waste Container Abnormal Conditions,
EP-AREAG-RM-AOP-1299, R.1 (Attachment 4). This system uses water for fire
suppression, which is compatible with the nitrate salt waste. Should the fire suppression
system activate, TA-54-375 has curbing that provides approximately 49,000 gallons of
retention capacity.

The sprinkler system pre-action valve is automatically activated by a combination of any
2 of 3 types of electronic initiating devices located in the Dome or the Perma-Con®:
smoke detection, heat detection, or fire alarm pull stations. During an event, fire alarm
pull stations can be accessed and manually activated by staff. Pull stations are located in
accordance with National Fire Protection Association (NFPA) standards in the Dome and
the Perma-Con®. Also, access is facilitated by maintaining emergency egress aisles with
a minimum aisle space of two feet in the Dome and the Perma-Con®. Further, in
compliance with Permit Section 3.5.1(1), the Permittees will maintain adequate aisle
space to allow for the unobstructed movement of personnel, fire protection equipment,
spill control equipment, and decontamination equipment within TA-54-375 Dome and
Perma-Con®. Finally, in the event of an abnormal condition, staff will evacuate quickly
and will promptly report to 911, the operations center or the shift manager. Should an
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abnormal condition be observed, the Permittees will implement their emergency response
plan and provide notice to NMED within 24 hours.

The Perma-Con® is constructed of stainless steel frame and sheeting. Itisa
contamination-control structure that is temperature-controlled and equipped with a High
Efficiency Particulate Air (HEPA) filtration and fire suppression system. The Perma-
Con® is also maintained at negative pressure. Additionally, the remediated drums were
overpacked into new SWBs and newly identified nitrate salt-bearing POCs were
overpacked into 85 gallon waste containers. SWBs are considered robust enough to
prevent lid loss due to deflagration or fire based on information in DOE-STD-5506-2007,
they would act as a barrier to provide a significant measure of worker protection. Should
an event occur, the TA-54-375 Perma-Con® is designed to contain a radiological release.

7) The Permittees are monitoring, on a daily basis, the temperature of the S\WBs-and-85
gallenoverpack containers that contain remediated nitrate salt-bearing waste drums. As
discussed above, all remediated nitrate salt-bearing containers are overpacked in SWBs
or 85 gallon containers. -Temperature measurements are taken of the top surface of the
overpack container using a thermocouple, infrared thermometer, or Infrared Imaging
Camera. After removal of SWB lids, temperature measurements will be taken from the
top surface of the 55-gallon container using a thermocouple, infrared thermometer, or
Infrared Imaging Camera. The target temperature at which the nitrate salt-bearing waste
containers are maintained in the TA-54-375 Perma-Con® is less than 90 °F.

The Permittees maintain records of all temperature monitoring. These activities will be
performed in accordance with LANL’ s Procedure on Nitrate Salt-bearing TRU Waste
Container Monitoring, EWMO-AREAG-FO-DOP-1246, R.6 (Attachment 5). These
records will be updated on a daily basis. The temperature data (both daily, and if
conducted as an additional measure, hourly) that the Permittees have collected since the
Isolation Plan was implemented was included with the Isolation Plan, Revision 2 as two
attachments. The attachments were discs containing documentation of daily and hourly
temperature measurements obtained by the Permittees up to the time the Permittees began
including temperature data in the written submissions provided to NMED, as established
in Section IX. Between the data included with the Isolation Plan, Revision 2 in an
attachment to that document and the data that the Permittees provide in the -written
submissions, the Permittees have provided a current set of information to NMED.
Additionally, these records and all temperature data (both daily, and if conducted as an
additional measure under, hourly) will be available to NMED for inspection.

The Permittees performed visual inspections of these containers on an hourly basis, 24
hours per day, until the approval of the Permittees request to change the frequency of
visual inspections from hourly to daily received on November 20, 2015 (ESHID-
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601027). On November 30, 2015, the Permittees began conducting daily visual
inspections to identify abnormal conditions (e.g., signs of smoking and fire, evidence of
deterioration, bulging). These activities are performed in accordance with LANL’s
Procedure on Nitrate Salt-bearing TRU Waste Container Monitoring, EWMO-AREAG-
FO-DOP-1246, R.6. The Permittees maintain records of all visual monitoring. (See,
Attachment 5) These records are updated on a daily basis and are available to NMED for
inspection.

Recent studies, analysis, and a head space gas data report (Attachment 12) provides
additional understanding of the safety of remediated nitrate salt-bearing waste containers
onsite in the TA-54, Area G, Dome 375 Perma-Con®. The HSG data report demonstrated
the correlation of HSG concentrations with environmental temperature, and showed that
temperature influences the rate of chemical reaction. The HSG results provided a
measure of chemical reactivity of the remediated nitrate salt waste stream that has greater
fidelity than either temperature or visual monitoring. In fact, the HSG analysis can be
used as an indicator of increased chemical reactivity and as an input to initiate a facility
response for abnormal operating conditions. Visual inspection of the drums, while
providing confirmation of an abnormal environment, is not a leading indicator of an
abnormality. It is expected that any visual indication of an abnormality will be
accompanied by a hot gas release, which would be detectable through continuous remote
temperature monitoring of the everpack-container lid. For these reasons, a change from
hourly visual inspections to daily visual inspections was requested by the Permittees and
approved by the NMED.

After removal of the overpack SWB lid, visual inspection of the 55-gallon waste
containers within the open SWB will continue. During this time, visual inspection will be
more difficult to conduct when compared to the closed SWB container, however, the
drums will continue to be inspected for evidence of spills, leaks, or deterioration within
the SWB. Should any leak or spill occur, the leak would be contained within the SWB.
Additionally, visual inspections of the 55-gallon waste container will be a more effective
indicator of an abnormality, because the actual waste drum containing remediated nitrate
salt-bearing waste will be the container inspected.

Additionally, the Permittees are using continuous air monitors (CAMSs) with alarm
capability, and will continue their use until further notice. There are CAMs in place in
the TA-54-375 Perma-Con® that can provide remote data if there is a significant airborne
release. Lastly, the Emergency Response/Hazardous Materials organization has been
briefed on the storage configuration.

Action levels have been established and response instructions prepared. These are
contained in the LANL procedure on Nitrate Salt-bearing TRU Waste Container
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Monitoring, EWMO-AREAG-FO-DOP-1246, R.6 (Attachment 5). Should an abnormal
condition be observed, the Permittees will implement their emergency response plan and
provide notice to NMED within 24 hours. Area G’s building emergency planisfound in
Attachment 6, and associated procedures are found at Attachments 7, 8, and 9.

8) The overpacks containing remediated nitrate salt-bearing waste containers are spaced an
adequate distance apart to limit any potential interactions between the containers. This
distance has been determined to be a minimum of 2-{one} foot between containers. This
distance is based on the Permittees’ review of evidence from the event at WIPP, a
calculation on the heat transfer from a container undergoing a similar reaction, and a
review of fire protection and Permit requirements. FheOverpack containers are
eurrenthyhave been stored with a minimum of 2 feet between containers and will not be
moved prior to, or after, the addition of the pressure relief devices with supplemental
filtration to the 55-gallon inner containers.

The Permittees have reviewed photographs of the impacted drum in WIPP Room 7, Panel
7 and the adjacent containers. From the photographs, the adjacent drum and the adjacent
SWB appear to have minimal damage and no release. The adjacent drums are in contact
with the impacted drum and the adjacent SWBs are within inches of the impacted drum.

The Permittees have performed a preliminary calculation on the minimum separation
distance between containers to ensure that an incident in one container will not impact an
adjacent container. Assuming the offending container reaches a maximum temperature
of approximately 1100°F and that the adjacent container does not to exceed 200°F, the
heat generated from the offending container drops off to below 200°F within 1 inch. The
2 foot spacing in use provides additional assurance that the adjacent containers will not
be impacted by the heat generated during an exothermic event in a single

container. Drawings that include the locations of the containers are included in 375
Permacon Nitrate-Salt Waste Container Abnormal Conditions, EP-AREAG-RM-AQOP-
1299, R.1 (Attachment 4). The use of fire curtains in between containers will not provide
a measurable reduction in the thermal conductivity across the 24 inches but does provide
protection from flame impingement.

Containers in the TA-54-375 Perma-Con® are placed in rows that allow for emergency
egress and that have Permit compliant spacing between each row. If used, the fire
curtains will be placed within a row (that is, between the adjacent containers in that row)
to mitigate the potential for interaction between adjacent containers. The Permittees have
procured fire curtains are rated to a continuous temperature of 1800°F and intermittent
temperatures of 2500°F.
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The NFPA consensus standards were also reviewed and NFPA 211 provided the most
similar type of control. NFPA 211 covers the installation of chimney pipes and stoves
and the distance recommended between the pipe and unprotected combustibles is 18
inches. There are no unprotected combustibles in the Perma-Con®s in Domes 231 and
375.

This 2 foot distance also meets the requirements in Permit Section 3.5.1(1). This section
requires the Permittees to maintain adequate aisle space to allow for the unobstructed
movement of personnel, fire protection equipment, spill control equipment, and
decontamination equipment within the TA-54-375 Dome and Perma-Con®.

The Permittees have purchased fire resistant curtains that are not in use, but may be used
in lieu of spacing. Containers will be placed in rows that allow for safe egress and that
have Permit compliant spacing between each row. If used, the curtains will be placed
within a row (that is, between the adjacent containers in that row) to mitigate the potential
for interaction between adjacent containers. The fire curtains are rated to a continuous
temperature of 1800°F and intermittent temperatures of 2500°F. This temperature well
covers the temperature at which a breached container is estimated to reach. Prior to using
fire resistant curtains, the Permittees will discuss the details of their use with NMED
during the technical calls established in Section IX.

The Permittees will protect workers by restricting access to the remediated nitrate salt-
bearing waste containers. Only those personnel performing the ongoing container
monitoring activities (e.g., daily monitoring), other sampling/data collection work (e.g.,
periodic head space gas sampling), necessary maintenance activities (e.g., corrective or
preventative maintenance), and other required inspections (e.g., Permit required
inspections) will be allowed into the storage areas. This is documented in Standing Order
EWMO-AREAG-S0O-1247, R.2 (Attachment 10). Also, there will be warning signs
posted at the entrance to the TA-54-375 Perma-Con® that will inform personnel of
access restrictions.

Additionally, all originally identified remediated nitrate salt-bearing waste (in May 2014)
were packed in new drums and overpacked into new SWBs, and suspect nitrate salt-
bearing waste is located in 85 gallon overpacked POCs. Since SWBs and 85 gallon
overpacked POCs are considered robust enough to prevent lid loss due to deflagration or
fire, based on information in DOE-STD-5506-2007, they would act as a barrier to
provide a significant measure of worker protection. No other protective shields or
barriers wereare deemed necessary for the protection of workers at this time.
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Furthermore, the ongoing data collection activities provide continuing information on the
physical condition of the waste so that appropriate additional worker safety measures can
be taken, if required.

9) Prior to moving nitrate salt-bearing containers, the Permittees will notify the LANL
Emergency Operations Center (EOC). The EOC will notify the Los Alamos Fire
Department and other responders, if needed. The Permittees will notify the EOC at the
completion of the move. The Permittees do not anticipate that responders will be present
during the movement of these containers, or that responders will be present/alerted during
other actions.

10) The Permittees have updated all procedures and safety basis documents to convert the
processing facilities into storage facilities.

11) SWBs and 85 gallon containers display the required labels for all inner containers or are
reclassified as a new container in WCATS. This means that the container either displays
the container identification number for the 55-gallon nitrate salt-bearing waste container
within the overpack or displays a new container number. The 60 subject containers
(including the sister drum to the breached drum in WIPP) have been clearly labeled with
the appropriate warning labels and any other required labeling. Specifically, the
containers have the hazardous waste labels required by Permit Section 3.6(1) and the
remediated nitrate salt-bearing waste containers are also marked as “ Radioactive’, as
required by Permit Section 3.6(1). The four 85 gallon containers have been labeled as
containing “Free Liquids’ and have been placed on adequate secondary containment
within the TA-54-375 Perma-Con®. Additionally, three of the remediated nitrate salt-
bearing waste containers that are overpacked in SWBs within the TA-54-375 Perma-
Con® have been identified as containing free liquids. The SWBs were not placed on
secondary containment when this discovery was made because movement of the SWBs is
prohibited. Additionally, there are visual inspections conducted daily that would identify
leaked liquid and the facility has procedures that will be followed in the event of a spill or
leak within the TA-54-375 Perma-Con®.

After removal of the SWB lid, the internal 55-gallon remediated nitrate salt-bearing
waste container will be stored within the open SWB. Appropriate labels will be applied to
the top of the 55-gallon waste container and WCATS will be updated to include the 55-
gallon waste drums as the containers in storage within the TA-54-375 Perma-Con®.
After the addition of the pressure relief device and supplemental filtration, the 55-gallon
waste containers will not be removed from the open SWB overpack or elevated to meet
the requirements of Permit Sections 3.7.1(1) or 3.7.2(1)(a). This storage configuration
will continue to be protective of human health and the environment, as daily visual
inspections, temperature measurement, and headspace gas sampling on the 55-gallon
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drums will be conducted as outlined in Sections IV.7 and 1V.12. Any leak or spill that
may occur will be contained within the SWB and would be discovered during the next
inspection. Additionally, visual inspections, temperature measurements, and headspace
gas sampling will be a more effective indicators of an abnormality, because the 55-gallon
waste container will be the container monitored.

12) The Permittees have conducted HSG sampling on all 54 SWBs and four 85 gallon
containers that contain nitrate salt-bearing waste containers. Each SWB has been sampled
for at least seven days.

Gas chromatography with thermal conductivity detection is used for the analysis of Hez,
H2, O2, N2, CH4, CO, COz2, and NO4 in HSG samples. The HSG sample data (Hz, COz,
CO, and N20) that the Permittees collected from the time the Isolation Plan was
implemented through September 11, 2014 was included as an attachment to Isolation
Plan Revisions 2 and 3. In conjunction with the data in those revisions and the data that
the Permittees have provided in the written submissions, the Permittees have provided a
current set of information to NMED. Attachment 11 graphically presents the Hz, COz,
CO, and N20 data collected for seven SWBs that are currently daily or twice weekly
sampled. The CO2 values are adjusted by the quantity of CO: in the field blank (i.e., the
amount of COz in the air at the time the sample is taken is subtracted from the CO2
reading from the container). No other adjustments are made to the data.

He2 and CH4 have not been detected in HSG samples, and Oz and N2 are observed at
atmospheric concentrations. More detailed information on these compounds is available
to the NMED at their request. If there is any change to this status, the Permittees will
inform the NMED during the technical calls established in Section 1X.

The Permittees began this HSG sampling on May 19, 2014, when they began daily HSG
sampling of SWB 68685. This SWB contains TRU waste drum 68685 which is the sister
drum related to the breached drum at WIPP.

On June 18, 2014, the Permittees began HSG sampling on the additional SWBs
containing nitrate salt-bearing waste containers, in order to better be able to compare and
evaluate results against SWB 68685. On July 24, 2014, the Permittees began daily HSG
sampling of SWB SB50522. On August 13, 2014, LANL had conducted HSG sampling
of all 55 SWBs that contain remediated nitrate salt-bearing waste. The Permittees
transitioned to sampling a subset of the 55 SWBs on a regular basis (this subset may
change over time). All of this headspace gas monitoring was an additional measure above
those described in the original May 19, 2014 Isolation Plan and the May 29, 2014
Revised Isolation Plan.
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On September 3, 2014, upon receipt (email) of the NMED’ s letter dated August 29, 2014,
the Permittees immediately resumed daily HSG sampling of SWBs 68685 and SB50522.
(The Permittees had been sampling both of these containers on a daily basis until August
28, 2014, when they shifted sampling to twice per week. The Permittees had also
conducted HSG sampling of both SWBs on September 2, 2014.)

The Permittees eontinde-te-conduct HSG sampling to measure concentrations of Hz, COz,
CO and N20 within the containers for the remediated nitrate salt-bearing waste. The
Permittees:

1. Conduct daily HSG sampling of SWB SB50522 and the SWB that contains
68685.

2. Periodically sample HSG of 52 other SWBs and four 85 gallon containers within
the TA-54-375 Perma-Con®. HSG sampling occurs on a schedule that ensures
that each of the containers are sampled for HSG at least once per calendar month.
The Permittees began implementation of this monthly HSG sampling in
September, 2014. The monthly schedule is supported by the graphical
presentations of the Hz, CO2, CO and N20 data in Attachment 13 which indicate
stability in the analyzed gas constituents and is protective of human health and the
environment.

HSG sampling was conducted for at least seven days on the four newly identified POCs
(prior to overpacking). After the seven day sampling was completed, the POCs (rew
overpacked into 85 gallon containers) were added to the monthly sampling schedule
described above. Additionally, the SWB that was removed from the inventory of nitrate
salt-bearing waste containers was removed from this schedule in September 2015.

HSG sampling to measure concentrations of Hz, CO2, CO and N2O after the addition of
the pressure relief devices with supplemental filtration will continue following the same
schedule described above.

The Permittees include HSG data (H2, CO2, CO and N20) in the written submissions
provided to NMED, as established in Section 1X. Between the data included with the
Isolation Plan, Revisions 2 and 3 and the data that the Permittees provide in the written
submissions, the Permittees have provided a current set of information to NMED.
AdditionalytheseThese records, and all temperature data-wit-be, are available to
NMED for inspection.

Additionally, as part of initial investigations, the Permittees performed solid phase micro-
extraction (SPME) analyses. This work was performed as part of the Permittees
additional measures. SPME monitors for trace levels of organic compounds (< 1ppm).
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The detection limits for organic compounds without SPME is sufficient to establish that
concentrations of organic vapors do not approach flammability limits. SPME was
performed for the purpose of detecting organic molecules which could be an ignition
initiator at very low concentrations. No noteworthy detections of compounds were
observed. A summary of this data with graphical presentation of the data (prior to
September 2014) was included as an attachment to Isolation Plan Revisions 2 and 3.
SPME analyses was discontinued in September 2015, because no detections for organic
compounds were observed during the time the analyses was conducted and the Permittees
deemed that there was no value added to continuing SPME analyses.

= The Permittees evaluated the HSG data (Hz, CO2, CO, and N20) collected
from SWB SB50522 from July 24, 2014 through September 11, 2014,
SB50522 contains four drums, with the following container identification
numbers and waste stream identification numbers:

= Container 69490 (LA-MINO02-V.001)

= Container 69271 (LA-MIN03-NC.001)

= Container 68799 (LA-MIN03-NC.001)

= Container 57653 (LA-CIN01.001)

The range (high to low) of H2 levels the Permittees observed in HSG data during that
time frame was 28,020 parts per million (ppm) to 6,986 ppm. On July 30, 2014, the
Permittees installed additional filters in the SWB to decrease concentrations. This
approach was successful and concentrations of Hz are present at a lower level. Ferm
From August 18, 2014 through September 11, 2014, Hz levels remained below 10,000
ppm. The range (high to low) of COz2 levels the Permittees observed in HSG data was
76,858 ppm to 39,338 ppm during that time frame.

The range of temperature measurements the Permittees observed during hourly
temperature measurements through November 17, 2015 were:

SB50522 Temperature Degrees Fahrenheit
High 84.1
Low 31.8

For comparison the ambient temperature range in Dome 375 Cell 1 where SB50522 is
located during the same time period is:

Dome 375 Cell 1 Temperature Degrees Fahrenheit
High 90.6
Low 29.3
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Prior to packaging the four containers into SB50522, the Permittees conducted flammable
gas analysis on three of the containers (57653, 69271 and 69490). (Note: although
flammable gas analysis is not required for the LA-MINO03-NC.001 waste stream it was
conducted for 69271.) The Quantitation Reports for flammable gas analysis for the three
containers were provided as an attachment to Isolation Plan Revisions 2 and 3.

13) The Permittees also evaluated the HSG data (H2, CO2, CO, and N20) collected from all
of the SWBs with remediated nitrate salt-bearing waste through September 11, 2014 and
the discussion below describes this evaluation. The Permittees continue to evaluate HSG
data and the results of that evaluation are described in the modeling report included as
Attachment 12.

As background information, radiolytic processes produce simple gas molecules from the
interaction of radiation with organic and inorganic material in TRU waste. Hydrogen is
typically the principal gas produced from the interaction of radiation with organic
material. During headspace analysis for hydrogen, levels of other gases including CO,
COg2, and N20 are also measured. Gaseous CO2 can also be formed from radiolysis, and
its concentration depends on the specific composition of the waste. From studying the
radiolysis of selected simulated TRU waste, the relative amount of CO2 and Hz that is
produced has been established under a range of conditions. From these investigations,
the ratio of the amount of CO2 to Hz produced was greatest for poly vinyl chloride, with a
maximum ratio for this material to be 6.5 CO2/H2. Other waste types did not produce as
much CO2 and therefore this ratio would be less than 6.5.

The conducted HSG analysis initially selected revealed that some drums had CO2 to Hz
ratios of >100. This suggests that gas generation in some cases cannot be attributed
solely to radiolysis of the waste. This supposition is reinforced by the observation of
nitrous oxide > 1,000 ppm, which would likely be indicative of nitrate salt chemistry.
Atmospheric concentrations for these gases are approximately 450 ppm and 350 parts per
billion (ppb) respectively.

LANL began characterizing the headspace gas of 55 SWBs containing remediated nitrate
salt-bearing waste for Volatile Organic Compounds (VOCSs) by Gas Chromatography/
Mass Spectrometry (GC-MS) and for permanent gases using GC with a Thermal
Conductivity Detector (GC-TCD). Permanent gases are those that remain gaseous at
standard temperature and pressure. Daily monitoring of a subset of these 55 SWBs was
initiated on May 19, 2014. All 55 SWBs have now been characterized. Elevated
concentrations of HSG compounds have been observed at concentrations well above
normal atmospheric concentrations in some of these 55 SWBs (Attachment 13). These
concentrations cannot be explained based on radiolysis of waste drum content and
suggest that the gases are being produced from other processes. Specifically, N2O is
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believed to result from the oxidation of material contained within the nitrate salt
containing waste. The N20 concentrations observed, ranging from (100 — 9000 ppm), are
above the normal atmospheric concentration of ~ 350 ppb. The Permittees have ongoing
work that may provide insight into this chemistry.

While high CO2 concentrations (and potentially the ratio of CO2 and H2) are expected to
be proportional to the magnitude of potential changes taking place in any given drum,
they are not, on their own an indicator of significant changes to the waste within the
container. Fo-date, EANLEhasBy September 19, 2014, the Permittees had collected over
700 HSG samples. The graphical representation of this HSG data indicates stability in the
analyzed gas constituents and supports the monthly sampling schedule set out in Section
V.10 above.

The Permittees initially suspected the COz2 to Hz ratio might be an indicator of radiolytic
decomposition, and tracked that ratio. However, analysis of the HSG data (H2, CO2, CO,
and N20) gathered to date indicates there are potentially other gas generating
mechanisms occurring within some containers. The concentrations of oxidation products
(e.g., CO2 and N20) is ancillary to the H2 concentration measurement. While it provides
additional insight into the nitrate salt-bearing waste, the Permittees no longer consider
tracking the CO2 to Hzratio to be a useful indicator. The Permittees have focused
ongoing analyses on the monitoring of Hz concentrations and temperature measurements
rather than ratio of CO2 and Hz because: the lower flammability limit (LFL) for Hz is
established; both H2 gas concentrations and temperature are readily measured; and
actionable levels can be established. The Hz and temperature measurements are a more
direct way to monitor potential changes in the waste.

14) The Permittees currently utilize a combination of temperature measurement and regularly
collected HSG data as indicators to track chemical reactivity and as a basis for validating
container safety. Modeling has been conducted and an interpretation of HSG observations
has been drafted in support of this approach (Attachment 12). If the HSG concentrations
were to depart from the expected trends based on the storage temperature and previous
concentrations (e.g., higher CO2 concentrations than expected based on the model) the
Permittees could infer increasing chemical reactivity and potentially, increased hazard.
For example, in 2015, the temperature dependent concentrations have been significantly
lower in the summer when compared to those measured in the summer of 2014. If
concentrations were to exceed the most recent values and approach those of 2014, there
would be a strong indication that chemical reactivity has increased and therefore concern
for safety would be increased.
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15) If the Permittees observe an Hz concentration at or above 20,000 ppm (~50% of the lower
explosive limit [LEL]), they will conduct daily HSG (Hz, CO2, CO, and N20) for that
SWB.

If the Permittees observe an Hz concentration at or above 30,000 ppm (~75% of the
LEL), they will install additional filters in the SWB, if the SWB is configured to accept
additional filters. (This approach was successfully implemented by the Permittees with
SB50522. Concentrations of Hz were reduced after the installation of additional filters in
that SWB, and have since been maintained at a lower level.)

If additional filters cannot be added to the SWB or if concentrations are not reduced to
below 30,000 ppm at the next daily HSG sample, then the Permittees will apply a 15 foot
stand-off exclusion zone. (The stand-off exclusion zone is a 15 foot area that is used at
LANL to surround a container that is or has become unvented, thereby unable to vent
contents adequately. This area is segregated from normal operations except those
operations specific to disposition or inspection of the container of concern. Surrounding
containers may exist in the exclusion zone. Entry into the exclusion zone is controlled by
the Facility Operations Director (FOD) who will determine what actions can be taken —
including entry for sampling, temperature measurements or visual monitoring.) This
approach is consistent with the hazard analysis that has been performed for an unvented
drum discovery. The Permittees will notify LANL Emergency Management to assume
responsibility for the container if the container poses a threat, e.g., bulging.

The Permittees include HSG data (H2, CO2, CO, and N20) in the -written submissions
provided to NMED, as established in Section IX.

16) As part of the Permittees continued evaluation for safe storage of remediated nitrate salt-
bearing waste containers, tests continue with surrogate remediated nitrate salt-bearing
waste mixtures. Current test results show that pressure is crucial to establishing a self-
sustained thermal runaway in the tested material. These results point to pressure relief as
a means to prevent over-pressurization of the waste containers and minimize the
possibility of thermal runaway while in storage.

In February 2016, the Permittees concluded that the best approach to increasing the safe
storage strategy for remediated nitrate salt-bearing waste containers was to add pressure
relief devices with supplemental filtration to the waste containers stored within the TA-

54-375 Perma-Con® that are within SWBs and are standard 55-gallon waste containers,
not POCs. At this time, POCs stored within SWBs or 85 gallon overpack containers will

not be opened.
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The process for addition of the pressure relief devices with supplemental filtration will
include opening the SWB overpack containers to gain access to the 55-gallon remediated
nitrate salt-bearing waste container(s) within each overpack container, opening the 55-
gallon container(s), piercing the internal bag, closing the 55-gallon container(s), and
equipping the 55-gallon waste container with a pressure relief device and supplemental
filter in the 2-inch bung hole. Steps for this path forward are outlined below.

Prior to opening the overpack container, an HSG sample will be collected from the SWB
for analysis to verify the results do not indicate an adverse condition. Then, one of the
four % inch HEPA vent filters/plugs will be removed and a radiological survey will be
performed to verify contamination levels are within radiological work permit limits. If
contamination levels are within permit limits, a borescope will be inserted in the vent
hole to examine the condition of the SWB internals and the containers within the SWB. If
there is no indication of a chemical reaction or drum deterioration, the Permittees will
begin the process to remove the SWB lid.

Removal of the SWB lid will be accomplished by first loosening all 42 lid bolts using a
bit wrench. Bolts that strip, will be drilled out using a slow velocity (90 revolutions per
minute) magnetic drill using tool oil to lubricate the surface and mitigate any spark
hazards. Multiple drills may be used concurrently within the TA-54-375 Perma-Con®.
Although the tools proposed for use are not nonsparking tools, the potential for sparks
will be minimized and the ignitable waste is sealed within the inner 55-gallon waste
container.

When all of the bolts have been removed from the SWB, the lid will be removed and a
radiological survey will be performed to verify that contamination levels are within
radiological work permit limits. After this survey, the 55-gallon remediated nitrate salt-
bearing waste drum will be visually inspected to ensure its integrity. The containers will
be stored within the opened SWB prior to the addition of pressure relief devices with
supplemental filtration. Daily visual inspections and temperature measurements on the
55-gallon drums will be conducted as outlined in Section 1V.7.

Prior to the addition of the pressure relief device with supplemental filtration, an HSG
sample will be collected from the 55-gallon drum for analysis. Within 24 hours of HSG
sampling, the 2 inch bung will be removed from the 55-gallon drum by unscrewing.
Operators will ensure that the tools used are at the same potential as the drum (through
touching or bonding to the container). A borescope will be inserted in the bung hole to
examine the internal configuration of the waste within the container. If there is no
indication of a chemical reaction, the process will continue on to the next step.
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The liner bag in the 55-gallon drum will be pierced using a sharp instrument, and a
pressure relief device with supplemental filtration will be screwed into the 2 inch bung
hole. Piercing of the bag is necessary to ensure that there will be no pressure contained

within the bag.

Remediated nitrate salt-bearing waste containers will remain in isolated storage within
the TA-54-375 Perma-Con®. Regular HSG sampling and analysis to verify that the
headspace gas concentrations are consistent with expected trends will be conducted as
outlined in Section 1V.12.

16)17) The isolation configuration described in this section continues to be protective of
human health and the environment in light of the observed concentrations of Hz2 and CO2
in SWBs and 85 gallon containers, and in light of the conservative assignment of EPA
Hazardous Waste Number D0O01. The facility being used for isolation is compliant with
the LANL Hazardous Waste Facility Permit. The fire suppression systems, climate
control and filtration systems, and other mechanisms described above are designed to
protect human health and the environment in the event of a reaction within a container, a
release, a fire, or an explosion. The Permittees continue to evaluate the effectiveness of
the isolation configuration and will make changes to this configuration as appropriate to
ensure continued protection of human health and the environment.

V. Immediate and Current Actions for Unremediated Nitrate Salt—Bearing Waste
Containers

There are currently 29 unremediated nitrate salt-bearing waste containers at LANL. The
Permittees validated this number through review of data from the WCATS database and a field
walk-down verification conducted prior to May 29, 2014. Below is a description of the activities
DOE/LANS implemented isolating, securing, and then removing from isolation the
unremediated nitrate salt-bearing waste containers.

1) The 29 unremediated containers were first placed into isolated storage in Dome 230 at
TA-54, Area G, which has an active fire protection system. This dry-pipe fire protection
system is not included within the Permit Contingency Plan as it was inoperable during the
re-application process for the Permit. This system became operable in November 2011,
and currently the Permittees have chosen not to credit this system as fire control
equipment in the Contingency Plan.

Additionally, as described in Permit Attachment A.4.5 and Attachment D, TA-54 Area G,
Table D-2, fire control equipment is located throughout Area G, including Dome 230.
This equipment includes ABC-rated or BC-rated fire extinguishers and several fire
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hydrants. These fire hydrants will supply water at an adequate volume and pressure to
satisfy the requirements of 40 CFR 264.32(d).

2) The Permittees moved all unremediated nitrate salt-bearing waste containers at LANL to
the Perma-Con® in Dome 231 located at TA-54, Area G. This move was completed on
June 3, 2014.

3) The Permittees monitored the temperature daily of the 85 -gallon overpacks that contain
unremediated nitrate salt-bearing waste drums from the time the Isolation Plan was
implemented until the approval of the Isolation Plan, Revision 3 on April 27, 2015. Daily
temperature measurements were taken of the external surface of the 85 -gallon overpack
using a calibrated infrared thermometer. The target temperature at which the nitrate salt-
bearing waste containers were maintained while in isolation was less than 90°F.

The Permittees maintain records of all temperature monitoring. These activities were
performed in accordance with LANL’ s Procedure on Nitrate Salt-bearing TRU Waste
Container Monitoring, EWMO-AREAG-FO-DOP-1246. The temperature data (both
daily, and if conducted as an additional measure, hourly) that the Permittees collected
since the Isolation Plan was implemented was included with the Isolation Plan, Revision
2 as two attachments. The attachments were discs containing documentation of daily and
hourly temperature measurements obtained by the Permittees up to the time the
Permittees began including temperature data to NMED in the daily written submissions
provided to NMED, as established in Section 1X. Between the data included with the
Isolation Plan, Revision 2 in Attachments 8 and 9 of that plan and the data that the
Permittees provided in the written submittals, the Permittees provided a complete set of
information to NMED. Additionally, these records and all temperature data (both daily,
and if conducted as an additional measure, hourly) are available to NMED for inspection.

The Permittees also performed visual inspections of these containers on an hourly basis,
24 hours per day, to identify abnormal conditions (e.g., signs of smoking and fire,
evidence of deterioration, bulging) from the time the Isolation Plan was implemented
until the approval of the Isolation Plan, Revision 3. These activities were performed in
accordance with LANL’ s Procedure on Nitrate Salt-bearing TRU Waste Container
Monitoring, EWMO-AREAG-FO-DOP-1246. The Permittees will maintain records of all
such visual monitoring. These records are available to NMED for inspection.

Additionally, the Permittees used continuous air monitors CAMs with alarm capability.
There were CAMs in place in the TA-54-231 Perma-Con® for the entire time
unremediated nitrate salt-bearing waste containers were stored within the Perma-Con®.
Lastly, the Emergency Response/Hazardous Materials organization were briefed on the
storage configuration while the containers were isolated.
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4) During isolation, unremediated nitrate salt-bearing containers were spaced an adequate
distance apart to limit any potential interactions with other containers. This distance has
been determined to be 2 feet between containers. This distance was based on the
Permittees’ review of evidence from the event at WIPP, a calculation on the heat transfer
from an SWB undergoing a similar reaction, and a review of fire protection and Permit
requirements.

5) During isolation, the Permittees protected workers by restricting access to the
unremediated nitrate salt-bearing waste containers. Only those personnel performing the
ongoing container monitoring activities (e.g., daily temperature monitoring), other
sampling/data collection work (e.g., periodic head space gas sampling), and other
required inspections (e.g., Permit required inspections) were allowed into the storage
areas. This is documented in Standing Order EP-AREAG-SO-1247. Also, there were
warning signs posted at the entrance to the Perma-Con® -in Dome 231 informing
personnel of access restrictions.

6) Additionally, all unremediated nitrate salt-bearing waste is in 55-gallon drums that have
been overpacked into 85 -gallon containers of good integrity.

7) This waste has been stored above-ground for many years and the Permittees continued
data collection activities to provide information on the physical condition of the waste so
that appropriate additional worker safety measures could be taken, if required.

8) Further evaluation of unremediated nitrate salt waste led to the conclusion that the 29
unremediated nitrate salt-bearing waste containers do not require specific isolation from
other waste containers stored at permitted units at TA-54 Area G. Unremediated salts are
determined to not present the potential hazard of spontaneous combustion or enhanced
combustion in their current configuration; therefore, they can be stored in any area in
which combustible material is minimized and separated from the nitrate salt waste
containers, without fear of a release. Attachment 13 for this Isolation Plan details the
assessment conducted to reach this conclusion.

9) As aresult of this evaluation, the Permittees received NMED approval to move the 29
unremediated nitrate salt-bearing waste containers located within the Dome 231 Perma-
Con® from isolation and into a compliant permitted storage unit at TA-54, Area G, Pad 9
within Dome 230. Storage of the waste containers within Dome 230 will continue to be
protective of human health and the environment. In light of the conservative assignment
of EPA Hazardous Waste Number D001 and D002 (D002 conservatively assigned to
some containers as described above), storage of the containers will meet all applicable
conditions in Permit Section 2.8 and all other applicable sections of the LANL Hazardous
Waste Facility Permit.

LA-UR-15-2928716-21411
DPecember2015
March 2016



28

Dome 230 at TA-54, Area G, is equipped with an active dry-pipe fire protection system.
Additionally, as described in Permit Attachment A.4.5 and Attachment D, TA-54 Area G,
Table D-2, fire control equipment is located throughout Area G, including Dome 230.
This equipment includes ABC-rated or BC-rated fire extinguishers and several fire
hydrants. These fire hydrants will supply water at an adequate volume and pressure to
satisfy the requirements of 40 CFR 264.32(d).

Additional precautions that will be maintained for these containers of ignitable waste
include:

e CAMs with alarm capability are located within TA-54, Area G, Dome 230.

e Waste will be stored with adequate aisle space (at least 2 feet) and separate from
other wastes within the permitted unit.

e The waste will be protected from sources of ignition by facility procedure.

e Sources of open flames will not be allowed in, on, or around the containers and
smoking is not permitted within the boundaries of TA-54, Area G.

e Dome 230 has appropriate lightning protection for storage of ignitable waste.

e Non-sparking tools will be used when managing ignitable waste containers (e.g.,
opening waste container or sampling waste).

e Movement of the containers will be achieved using a drum grappler or a forklift.

e Dome 230 is designed for secondary containment, but the 26 unremediated nitrate
salt-bearing waste containers that have free liquids are stored on secondary
containment pallets or the containers will be separated or segregated to prevent
any contact with accumulated liquids as required by Permit Section 3.7. The
remaining 3 containers will be stored elevated.

e Waste containers are not stacked.

VI. Remediation Planning

1) The Permittees have established a“Remediation Team” to identify a path forward for
remediation of these containers as necessary and appropriate. The Remediation Team
has met regularly. The Permittees have met with NMED on multiple occasions to discuss
the Team'’ s progress, and will continue these communications.

As discussed in Paragraphs 1.2 and V.3 above, the Permittees have overpacked the 56
remediated nitrate salt-bearing waste containers at LANL into 54 SWBs. These 54
SWABs are currently located in the TA-54-375 Perma-Con®. As discussed in 1V.4 above,
an additional four 85 gallon containers are also located in the TA-54-375 Perma-Con®.
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NMED and the Permittees have had initial discussions on these potential remediation
actions and the Permittees will continue their contact with NMED to coordinate
meeting(s) to discuss these potential actions in more detail. The Permittees will use these
meetings to help develop a proposal for submittals to NMED.

2) Any treatment plans or proposals that are developed by the Remediation Team shall be
discussed with NMED. These plans or proposals shall include, but not be limited to, the
neutralization steps, the reagents used, the location of the process for treating wastes,
and any other key specific information related to all potential treatment options. Any
treatment plans that are developed shall detail which characteristic (toxicity, reactivity,
ignitability, corrosivity) mixed TRU wastes the Perma-Con®s (or other locations such
as the glovebox at the Waste Characterization Reduction and Repackaging Facility
[WCRRF]) are authorized to treat — including, as appropriate, the removal of the
characteristics of ignitability (D001) and/or corrosivity (D002). Permittees shall discuss
with NMED any permit modifications or authorizations that may be necessary for
treatment of the nitrate salt-bearing wastes.

3) The key events, actions and activities to be documented as specified in the treatment
plan. The Permittees will maintain records of all key events, actions and activities
related to the disposition of the unremediated nitrate salt-bearing waste as documented
in the treatment plan (e.g., safe storage configuration, the neutralization steps, the
reagents used, the location of the process for treating drums). These records will be
updated and be available to NMED for inspection.

VIlI. Cemented Legacy and Newly Generated Cemented Nitrate Salt-Bearing Waste

Since 1991, the nitrate salt waste stream generated from the evaporator process at TA-55 has
been sent to cement fixation immediately upon generation. Remediated and unremediated nitrate
salt-bearing waste containers generated at TA-55 prior to 1991 are discussed above. Additional
information about the review that the Permittees conducted to identify containers with nitrate
salt-bearing waste is included in Enclosure 2 of the Permittees' letter to NMED dated September
19, 2014 (DIR-14-149). This enclosure also includes a discussion on how the evaluation was
conducted for a specific subset of waste containers (all of which were pre-1991 containers). The
discussions below include information about the Permittees’ characterization of both legacy and
newly generated cemented nitrate salt-bearing waste that has been generated since 1991.

Some containers from the subset of the TA-55 cemented waste stream (CINO1) include small
quantities of dewatered liquids with the potential for containing nitrate compounds. The liquid is
believed to have originated from dewatering of the cemented waste over time. The Permittees
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continued evaluation of the contents of these containers. Free liquid in one unremediated
cemented waste container (No. S811785, LA-CIN01.001) was analyzed and found to contain
oxidizing compounds, specifically nitrate in the ~34% wt. range. The Permittees identified 448
waste containers stored at LANL that were either verified to contain free liquids or were
awaiting RTR review for presence of free liquids.

The Permittees decided to conservatively label and manage these waste containers in the interim
as ignitable (D001) and corrosive (D002) waste pending completion of multiple concurrent
actions. This is described in Self-Disclosure of Non-Compliances Resulting From the Extent of
Condition Review Los Alamos National Laboratory Hazardous Waste Facility Permit No
NM0890010515 (DIR-15-127 or ESHID-600898). The Permittees then implemented a sampling
and analysis effort to analyze LA-CINO1 waste containers to confirm or deny the applicability of
the ignitability characteristic (D001). In addition to the one container discussed above,
additional waste containers were sampled and analyzed to confirm the chemical composition of
the contents. Analytical results provided to the NMED-HWB (ENV-DO-15-0313 or ESHID-
601010) were used to determine that D001 and D002 were applicable for the subset of the LA-
CINO1 waste stream that contain liquids (ADESH-15-162 or ESHID-601002). Management of
these containers continues to be consistent with these types of wastes and do not require special
isolation under this plan. Concurrently, the Permittees have reviewed existing RTR data
(available for most of the LA-CINO1 waste containers), and will schedule RTR analysis for the
remaining containers without RTR data, or pre-screen data, as soon as practicable.

The cementation process that is utilized for newly generated cemented waste at TA-55 would
remove any characteristics of ignitability and reactivity from the nitrate salt waste stream, if
applicable. The nitrate salt waste in containers generated at TA-55 after 1991 has been
cemented. The cemented waste is therefore not ignitable per the definition in 40 CFR 264.21
(Characteristic of Ignitability) or reactive per the definition in 264.23 (Characteristic of
Reactivity).

The waste characterization by Acceptable Knowledge used at TA-55 to demonstrate that the
cement from the stabilization process for newly generated waste meets the waste acceptance
criteria at WIPP was centered around two primary elements (1) no free liquids greater than 1%
were present in the cemented waste and 2) the Portland cement created an inert solid monolith.
These elements support the determination that the waste does not exhibit the characteristics of
ignitability and reactivity.

The ignitability characteristic is not a concern for the following reasons: (1) the cement from the
stabilization process is a solid and does not meet the definition of a liquid per 40 CFR
261.21(a)(1); (2) the cement has never exhibited the characteristic of an ignitable solid that is
capable “under standard temperature and pressure of causing fire through friction, absorption of
moisture or spontaneous chemical changes and, when ignited, burns so vigorously and
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persistently that it creates a hazard” per 40 CFR 261.21(a)(2); and (3) the cement has never
exhibited oxidizing behavior per 40 CFR 261.21(a)(4).

The reactivity characteristic has never been observed regarding cement, and further, review of
AK documentation processes involved with this waste stream do not indicate the potential for
reactivity. The cement has never exhibited the following properties per 40 CFR 261.23: (1) it is
normally unstable and readily undergoes violent change without detonating; (2) it reacts
violently with water; (3) it forms potentially explosive mixtures with water; (4) when mixed with
water, it generates toxic gases, vapors or fumes in a quantity sufficient to present a danger to
human health or the environment; (5) it is capable of detonation or explosive reaction if it is
subjected to a strong initiating source or if heated under confinement; and (6) it is readily capable
of detonation or explosive decomposition or reaction at standard temperature and pressure.

The basis for this determination has been established by direct personnel observations, the
facility operating record, and the chemical nature of the Portland cement used in the LANL
stabilization process. LANL staff has never observed any ignitable or reactive behavior
associated with the cemented waste from the stabilization process. Facility records also confirm
that no ignitable or reactive behavior was ever observed from the cemented waste. Lastly,
Portland cement by its chemical nature will not react with oxidizers and has no available
hydrogen, oxygen, and carbon molecules to help sustain a reaction. In addition, the stabilization
process produces a solid monolith, which is an absorber of heat, further reducing any potential
for reactive behavior within the cement matrix.

Characterization and stabilization (cementation) treatment of newly generated evaporator bottom
waste at TA-55 is conducted in accordance with the Permit as approved. The waste treated at the
TA-55 Mixed Waste Stabilization Unit is characterized using the procedure outlined in Permit
Attachment C (Waste Analysis Plan), Section C.3.2.4.

Based on the above facts, the Permittees recommend that no further controls be implemented at
this time for the legacy cemented nitrate salt-bearing waste generated since 1991 or the newly
generated cemented nitrate salt-bearing waste. However, it should be noted that the legacy
cemented waste is continuing reevaluation as described above and the Permittees will
communicate the outcomes of the evaluation with the NMED.
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All actions within the schedule have been completed and implementation of the LANL Isolation
Plan is conducted and communicated with NMED in the meetings and written submissions

established in Section 1X.

Activity Due Date
Remediated Nitrate Salt-Bearing Waste
Containers
Overpacking (into SWBs) of all nitrate salt- Completed
bearing wastes at LANL 5/18/14

Movement of SWBs to designated areas (e.g.,
Domes 230, 231 and 375)
— (Remediated nitrate salt-bearing drums were
in Dome 230, but have been moved to the
375 Perma-Con®)

Move to Dome 230 completed on 5/1/14.
All remaining moves completed on 6/3/14

Daily/Hourly monitoring of containers

Daily monitoring began on 5/1/14. Hourly
monitoring began on 5/17/14.

Daily visual (rather than hourly) began on
11/30/2015.

Appropriate spacing of SWBs

Completed in Dome 230 on 5/1/14.
Completed in Dome 375 & 231 Perma-Con®s
on 6/3/14

Updating procedures/safety basis documents as
appropriate

Completed on 5/30/14
Procedures are updated as necessary to
incorporate changes.

Labels for SWBs (display inner container label)

Completed 5/18/14

Remediation Team kick off

Completed 5/20/14

Pressure relief device with supplemental
filtration

Scheduled to be complete prior to June 1,
2016.

Unremediated Nitrate Salt-Bearing Containers

Movement of 85 -gallon drums to designated
areas (e.g., Domes 230, 231 and 375)

Began in Dome 230 on 5/1/14. All remaining
moves completed on 6/3/14.

Daily/Hourly monitoring of containers

Daily/Hourly; began on 5/20/14
Daily/Hourly monitoring of containers was
discontinued after the approval of Isolation
Plan Revision 3 on 04/27/2015.

Appropriate spacing of containers

Completed in Dome 230 on 5/1/14.
Completed in Domes 375 and 231 Perma-
Con®s on 6/3/14

Updating procedures/safety basis documents for
immediate implementation actions as
appropriate

Completed 5/30/14
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Activity Due Date
Remediation Team kick off Completed 5/20/14

IX. Updates/Submissions

The Permittees shall provide updates to NMED during the monthly pre-scheduled technical calls.
The Permittees shall also provide updates to NMED in the form of a monthly written
submissions that will be sent to NMED via electronic mail (email) by close of business (COB)
on -the 3™ Wednesday of each month until NMED indicates otherwise. For purposes of this Plan,
daily refers to business days, and excludes state and federal holidays.

All submissions related to of the May 19, 2014, Administrative Order; the July 10, 2014, April
27, 2015, May 8, 2015, and August 12, 2015 letters from NMED regarding Modification to May
19, 2014, Administrative Order shall be placed in both the electronic and hard-copy Information
Repositories within five (5) working days of submission to NMED.

All procedures and plans attached to this Revised Isolation Plan may be revised by the
Permittees as required. Revisions will be submitted to NMED and placed in Information
Repositories as required in this Section IX.

All submissions required by NMED’ s Order (and modifications to that Order) will be sent to the
following addresses:

Bureau Chief

Hazardous Waste Bureau

2905 Rodeo Park Drive East, Building 1
Santa Fe, New Mexico 87508-6303

Division Director

Resource Protection Division

Harold Runnels Building

1190 Saint Francis Drive, PO Box 5469
Santa Fe, New Mexico 87502-5469
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l. Introduction

On May 19, 2014, the Department of Energy (DOE) and the Los Alamos National Security, LLC
(LANS) (“Permittees’) received Administrative Order No. 5-19001 (“Order”) issued by the New
Mexico Environment Department (NMED). The Order, at paragraph 18, required the Permittees
to submit a LANL Nitrate Salt-Bearing Waste Container Isolation Plan (“Isolation Plan”). The
Isolation Plan was submitted by 2:00 PM on May 21, 2014.

On May 23, 2014, NMED approved the Isolation Plan contingent on the submittal of a revised
Isolation Plan that incorporated additional requirements (“Revised Isolation Plan”). NMED
required the Permittees to address all of the items enumerated in their May 23, 2014 letter,
incorporate those changes and resubmit the Revised Isolation Plan by May 29, 2014. The
Revised Isolation Plan was submitted on May 29, 2014.

On August 29, 2014, NMED approved the Revised Isolation Plan with modifications. NMED
required the Permittees to address all of the items enumerated in their August 29, 2014 letter,
incorporate changes and resubmit the Plan (“Isolation Plan, Revision 2”) to NMED no later than
September 19, 2014 for final review and approval.

The Isolation Plan, Revision 2 incorporated the modifications enumerated by NMED and was
submitted to the NMED on September 19, 2014. It included description of how the Permittees
isolated and secured all nitrate salt-bearing waste containers currently stored at Los Alamos
National Laboratory (LANL) and information on characterization assessments conducted by the
Permittees. Isolation Plan, Revision 3, included the addition of four remediated nitrate salt-
bearing waste containers into isolation in the Technical Area 54, Dome 375 (TA-54-375) Perma-
Con®.

Isolation Plan, Revision 4, modified and updated the plan to include the following: updated
procedures that will be utilized in the event of abnormal conditions for nitrate-salt-bearing waste
containers located at the TA-54-375 Perma-Con® and used for monitoring waste containers;
removed the term “suspect” when referring to four waste containers discovered in February and
March 2015; updated status information for containers located at LANL; introduced additional
flexibility in temperature measurement equipment; changed the visual inspection frequency from
hourly to daily; and incorporated NMED-directed changes to the frequency of written submittals
to NMED from daily to monthly. Lastly, Isolation Plan, Revision 4 removed attachments that are
not necessary to describe the present practices for nitrate salt-bearing waste containers on-site at
LANL and included updated language for monitoring and potential response triggers/actions.

This Isolation Plan, Revision 5, incorporates the Permittees’ plan to remove the overpack
container lid from the 55-gallon remediated nitrate salt-bearing waste containers and add a
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pressure relief device with supplemental filtration to the waste container. Additional changes are
also incorporated to correct language and provide for additional waste container sizes.

The Isolation Plan describes how the Permittees continue to secure and isolate remediated nitrate
salt-bearing waste containers, so that a potential release from them at LANL does not pose a
threat to human health or the environment. This plan also includes information on other nitrate
salt-bearing waste streams that are currently being managed at LANL, and general information
concerning remediation planning for unremediated and remediated nitrate salt waste containers
currently stored at LANL.

Additional measures to those described in Isolation Plan, Revision 4 may also be taken and will
be identified to NMED during the technical calls established in Section IX.

Il. Background and General Implementation Updates

1) On May 1, 2014, the Waste Isolation Pilot Plant (WIPP) declared a potentially inadequate
safety analysis (PISA) on the possibility of unremediated nitrate salt-bearing waste
contained in waste packages at WIPP. On May 2, 2014, LANS convened a critique to
perform an extent of condition on the PISA issued by WIPP. As a result of the critique,
the Permittees implemented several corrective and precautionary actions immediately to
ensure protection of human health and the environment. The Permittees identified the
storage locations of all remediated and unremediated nitrate salt-bearing waste
containers. The Permittees moved all remediated nitrate salt-bearing waste containers
into TA-54, Area G, Dome 230 (because Dome 230 has an active fire suppression
system) and daily temperature measurements of each container commenced.
Additionally, continuous radiological air monitoring was initiated in Dome 230. Finally,
any further processing of nitrated salt waste streams was suspended and all transuranic
(TRU) waste shipments from LANL were paused.

2) On May 15, 2014, WIPP released photographs showing a LANL drum containing
remediated nitrate salt-bearing waste that appeared to be breached in Panel 7, Room 7.

3) On May 16, 2014, the Permittees convened a critique to review the new information. A
PISA was declared (ORPS NA-LASO-LANL-WASTEMGT-2014-0004) on the
possibility of inadequate safety basis controls specified for the remediated nitrate salt-
bearing waste. As a result of the critique, the Permittees implemented several corrective
and precautionary actions immediately to ensure protection of human health and the
environment.
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4) On May 18, 2014, the Permittees completed the overpacking of all originally identified
remediated nitrate salt-bearing waste containers at LANL into Standard Waste Boxes
(SWBs). There were 57 remediated nitrate salt-bearing waste containers at LANL, and
these were overpacked into 55 SWBs. (As part of the original packing configuration, 2
SWABs each have 2 remediated nitrate salt-bearing waste containers.)

5) On May 20, 2014, the Permittees held the initial meeting of their Remediation Team.
(See Section VI below for additional information.)

6) On June 3, 2014, the Permittees completed the move of all unremediated nitrate salt-
bearing waste containers to the Perma-Con® in Dome 231 located at TA-54, Area G, and
all remediated nitrate salt-bearing waste containers were moved to the TA-54-375 Perma-
Con®.

7) OnJune 5, 2014, the Permittees conservatively applied Environmental Protection Agency
(EPA) Hazardous Waste Number D002 to 26 unremediated nitrate salt-bearing waste
containers that contain free liquids. The following describes the Permittees’ regulatory
basis, reasoning and analysis for assigning this EPA Hazardous Waste Number. (See
also, Permittees’ letter to NMED dated September 5, 2014, ADESH-14-088).

During a review of operating records associated with the remediation of nitrate salt-
bearing TRU wastes, the Permittees determined that a few of the parent containers were
noted as having liquids with a pH of 2 or less. (See ES Nitrate Salt Waste Containers at
WCS, WIPP Panel 7, and LANL Data Summary, May 17, 2014,
http://www.nmenv.state.nm.us/NMED/Issues/documents/ESNSWasteContatWCS-WIPP-
LANLS5.17.14.pdf). Based on this information, LANL evaluated the remaining
unremediated nitrate salt-bearing waste containers to identify those with free liquids
using real-time radiography (RTR) and high-energy RTR (HERTR) analysis. RTR
analysis identified that 26 of the 29 containers contained free liquids. As a conservative
measure, based on this information, LANL applied the D002 EPA Hazardous Waste
Number to these remaining unremediated nitrate salt-bearing waste containers identified
with free liquids.

Videos of 27 RTR fast scans were provided to NMED on September 5, 2014. (ADESH-
14-088). Asexplained in the Permittees’ September 5, 2014 letter, RTR video recordings
are not available for 2 of the 29 unremediated nitrate salt-bearing waste containers as
historically RTR video recordings were not created.

8) OnJune 18, 2014, the Permittees began headspace gas (HSG) sampling on all SWBs
containing remediated nitrate salt-bearing waste containers. The Permittees’ intent was to
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conduct HSG sampling on each of the 55 SWBs stored in the TA-54-375 Perma-Con®.
This HSG monitoring was an additional measure above those described in the original
May 19, 2014 Isolation Plan and the May 29, 2014 Revised Isolation Plan. When all 55
SWBs were sampled the Permittees transitioned to sampling a subset of the 55 SWBs on
a regular basis.

9) OnJuly 25, 2014, the Permittees conservatively applied EPA Hazardous Waste Number
D001 to the remediated and unremediated nitrate-salt bearing wastes stored at LANL.
The following describes the Permittees’ regulatory basis, reasoning and analysis for
assigning this EPA Hazardous Waste Number. (See also, Permittees’ letter to NMED
dated September 5, 2014, ADESH-14-088.)

Unremediated Nitrate-Salt Bearing Waste. On May 22, 2014, LANL received analytical
results from two samples taken from an unremediated nitrate salt-bearing waste drum
stored at Area G, Dome 231. (These results were provided as Attachment A to the
Permittees’ letter to NMED dated September 5, 2014, ADESH-14-088). The results
showed the presence of nitrate compounds listed on the US Department of Transportation
(DOT) Division 5.1 Oxidizers table under the DOT rules at 49 CFR §173.127.
EPA/NMED require hazardous wastes that qualify as a 5.1 DOT oxidizer to be managed
as a RCRA waste (D001) under 40 CFR 8261.21(a)(4). Although the analytical results
apply to one (1) unremediated drum, the Permittees determined to conservatively label
the remaining drums with the D001 Hazardous Waste Number.

Remediated Nitrate-Salt Bearing Waste. As described in CCP’s Acceptable
Knowledge Summary Report for Los Alamos National Laboratory TA-55 Mixed
Transuranic Waste (CCP-AK-LANL-006, Rev. 13, which includes waste stream LA-
MINO02-V-001), on page 142, LANL previously determined that these nitrate salts did not
meet the definition of a DOT oxidizer. However, to further support managing these
specific nitrate salt wastes as non-ignitable, LANL determined to remediate and
repackage this waste with an inert material (e.g., zeolite/kitty litter) with a minimum
absorbent material to nitrate salts mixture ratio of 1.5 to 1. This ratio was based on
results of oxidizing solids testing performed by the Energetic Materials Research and
Testing Center (EMRTC) and a white paper authored by the LANL-Carlsbad Office
Difficult Waste Team (DWT), Amount of Zeolite Required to Meet the Constraints
Established by the EMRTC Report RF 10-13: Application to LANL Evaporator Nitrate
Salts (See, Attachment B to Permittees’ letter to NMED dated September 5, 2014,
ADESH-14-088). The EMRTC testing established the concentration at which the most
reactive mixture of sodium and potassium nitrate becomes a non-oxidizer when mixed
with either zeolite or grout. Based on the EMRTC testing, the LANL DWT concluded
that the results can apply to LANL’ s non-cemented nitrate salts.
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As previously reported, LANL remediated and repackaged certain nitrate-salt bearing
waste containers using an organic kitty litter, and not a zeolite-based kitty litter (see
Letter from Permittees to NMED Secretary Flynn dated July 1, 2014, Addendum to the
Los Alamos National Laboratory Hazardous Waste Facility Permit Reporting on
Instances of Noncompliance and Releases for Fiscal Years 2012 and 2013). This type of
absorbent did not comport with the EMRTC testing or the LANL DWT recommendation.

To date, the Permittees have not sampled a remediated nitrate salt-bearing waste drum.
Between July 22 and 29, 2014, LANL had surrogate samples of the waste tested by
Southwest Research Institute of San Antonio, Texas. The surrogates were formulated
using materials to approximate the remediated nitrate salt waste including Swheat™ kitty
litter and a mixture of nitrate salts in both wet and dry samples. The samples were
analyzed using US Environmental Protection Agency’s Test Methods for Evaluating
Solid Waste, Physical/Chemical Methods (SW-846) Method 1040 (which is based on a
test method adapted from the United Nations regulations and classification procedures for
the international transportation of dangerous goods) to determine whether the D001
designation code could apply.

On July 25, 2014, the Permittees received preliminary, un-validated results from this
testing that indicated that the surrogates sampled could be classified as oxidizers. Based
on these results, LANL determined that it could not exclude the application of D001 to
the remediated nitrate salt-bearing wastes. Based on this information and consultation
with the Carlsbad Field Office, LANL determined to conservatively apply D001 to the
remaining remediated nitrate salt-waste containers stored at LANL.

The final analytical reports for this test and all of the other testing that was conducted was
included as an attachment to Isolation Plan, Revisions 2 and 3.

10) On September 3-5, 2014, the Permittees had additional surrogate samples representative
of the remediated waste tested by Southwest Research Institute of San Antonio, Texas to
determine if the surrogate samples meet the DOT oxidizer criteria when tested in
accordance with the UN Manual of Tests and Criteria under DOT rules at 49 CFR
173.127 (a) in addition to SW-846, Method 1040. The surrogates for the remediated
nitrate salt waste were comprised of a mixture of Swheat™ Kitty litter and sodium nitrate
in aratio of 3:1. This mixture represents the main components of interest in the
remediated waste, i.e., the organic Kitty litter and the principal nitrate salt as indicated by
the May 22, 2014 analysis. The additional testing determined that the surrogate mixture
was a DOT Oxidizer, Packing Group Il by the DOT test and a Category Il oxidizer by
Method 1040. Additional analytical tests for ignitability have also been conducted on
various surrogates related the investigation of nitrate-salt bearing wastes.
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11) The Permittees have finalized correspondence with Waste Control Specialists (WCS), the
Waste Isolation Pilot Plant (WIPP), and any other agencies related to the assignment of
EPA Hazardous Waste Number D001 to containers that were shipped to WCS and/or
WIPP. The Permittees have not yet received copies of corrected manifests. However,
upon receipt of the corrected manifests, the Permittees will provide them to NMED within
15 business days. The Permittees have provided NMED with all of the Permittees’
correspondence on this issue within Isolation Plan Revisions 2 and 3 by letter dated
October 22, 2015 (ENV-DO-15-0293).

12) In late February 2015, the Permittees identified an additional 3 parent containers
designated as within waste stream LA-MINO4 to be suspect nitrate salt-bearing waste
containers. The 3 parent containers produced 10 daughter waste containers: 3 daughters
are designated as LA-MDHOL1 (i.e., debris) and 7 daughters are designated as LA-MINOA4.
The 10 daughter waste containers are located at Waste Control Specialists (WCS) (2
containers), WIPP (4 containers), and LANL (4 containers). All 4 containers located at
LANL were in Pipe Overpack Containers (POCs). As a result of this reevaluation, the
Permittees determined that the 10 daughter waste containers are suspected to hold nitrate
salt-bearing waste.

13) On March 12, 2015, the Permittees identified an additional 2 parent waste containers
designated as LA-MDHOL1 (i.e., debris) to be suspect nitrate salt-bearing waste containers.
The parent waste containers produced 3 daughter waste containers also designated as LA-
MDHO1. The Permittees and CCP reviewed generator AK documentation, RTR videos,
and conducted interviews with SMEs to determine if these 3 daughter waste containers
held any nitrate-salt bearing wastes. As a result of this reevaluation, the Permittees
determined that the 3 daughter waste containers, located at WIPP, were suspected to hold
nitrate salt-bearing waste.

14) On March 27, 2015, the Permittees placed the POCs in the TA-54-375 Perma-Con®.

15) After the approval of LANL Isolation Plan, Revision 3 on April 27, 2015, the Permittees
discontinued visual and temperature monitoring of unremediated nitrate salt waste
containers and removed them from isolation and into compliant storage within another
permitted unit.

16) On August 13, 2015, the Permittees overpacked the POCs into 85 gallon overpack
containers within the TA-54-375 and placed them back in storage within the TA-54-375
Perma-Con®.

17) In February 2016, the Permittees concluded that the addition of a pressure relief device
with supplemental filtration to the remediated nitrate salt-bearing waste containers was the
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best approach to increase safe storage of these containers. This conclusion was based on
the Permittees continued evaluation of safe storage of these containers at LANL.

1. Waste Container Categories

The current inventory of nitrate salt-bearing waste containers covered by this plan and stored at
LANL can be divided into two categories: 1) remediated nitrate salt-bearing wastes; and 2)
unremediated nitrate salt-bearing wastes. A third category of containers that originated from the
nitrate evaporator and cementation operations within TA-55 are cemented legacy and newly
generated wastes and are not covered under this plan but are currently undergoing reevaluation
as described in Section VII.

This plan addresses isolation, securing and/or treatment of the remediated nitrate salt-bearing
wastes. In this plan, “remediated” containers are defined as LANL unconsolidated nitrate salts
that were remediated with Kitty litter absorbent and were repackaged into new drums.
“Unremediated” containers are defined as LANL unconsolidated nitrate salts drums to which
absorbent material has not been added. Isolation Plan, Revision 3, removed unremediated nitrate
salt-bearing waste containers from secured isolation and allows for the storage of these waste
containers in other compliant permitted storage at Technical Area (TA)-54, Area G.

To identify all of the nitrate salts-bearing waste containers generated, a focused review of the
generator records was conducted. Unconsolidated nitrate salts were only generated at TA-55 in a
specific room and glove box from 1979 through 1991. It is important to note that after 1991, all
nitrate wastes were cemented.

Following the original review of generator records, it was determined that all of the nitrate salt
parents exist as subsets in both a debris (LA-MHD01.001) and cemented (LA-CIN01.001-Cans)
waste stream. The LA-MHDO01.001 waste stream includes over a thousand containers, but only
164 original parent drums were determined to contain nitrate salts in the original assessment.
LA-CIN01.001-Cans waste stream also includes over a thousand containers, but only 103
original parent drums were determined to contain nitrate salts in the original assessment.

In total, there were 267 original nitrate salt parent containers identified during the initial query. A
large portion of these 267 parent containers had been remediated into nitrate salt daughter
containers. As a result, the original inventory of nitrate salt-bearing waste containers was 707.
After remediation, all of the remediated nitrate daughters were assigned to two homogeneous
absorption waste streams; LA-MIN02-V.001 and LA-MINO04-S.001. However, after Real-time
Radiography (RTR), daughter containers may have been re-assigned to a final waste stream
based on the volume percentages of the final waste content.
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The above-referenced waste streams, LA-MHDO01.001, LA-CIN01.001, LA-MIN02-V.001 and
LA-MINO04-S.001 are not solely dedicated to nitrate salts. All containers in waste streams LA-
MHD01.001, LA-CIN01.001, LA-MIN02-V.001 and LA-MIN04-S.001 do not contain nitrate
salts and therefore, not all require isolation or management as nitrate salts.

The Permittees’ approach to the focused review discussed above was conservative. The original
list of 707 includes containers that contain nitrate salt-bearing waste or are suspected of
containing nitrate salt-bearing waste.

Additional information on the Permittees’ evaluation and identification of LANL nitrate salt
drums is provided in the Summary of Evaluation and Identification of LANL Nitrate Salt
Containers. (Attachment 1)

The inventory of LANL nitrate salt-bearing waste containers changed upon discovery of the
newly-identified nitrate salt-bearing waste containers in February and March 2015. This brought
the total inventory of nitrate salt-bearing waste containers to 720 containers. The total parent
containers was raised to 272 containers. Changes to the inventory were proposed in March 2015
when the Permittees presented NMED with a proposed inventory recommending the removal of
97 waste containers from the inventory. The NMED concurred with the removal of 10 of those
containers from the inventory on March 20, 2015. Three of the containers removed from the
inventory were original parent containers that were shipped off-site for direct disposal because
they did not require remediation. One of the containers removed from the inventory is located
within the TA-54-375 Perma-Con®.

As a result of inventory changes, the current total inventory of LANL nitrate-salt bearing waste
containers can be summarized as follows:

e 269 parent nitrate salt waste containers either remain parent containers or were remediated
for a total inventory of 710 nitrate salt-bearing waste containers.
0 29 of the 710 waste containers are parent nitrate salt waste containers that remain in
storage at LANL.
o Three of the 710 waste containers were shipped off-site for direct disposal because
they did not require remediation.
0 678 of the 710 waste containers are remediated nitrate salt-bearing waste containers.

Of the 710 identified nitrate salt-bearing containers, a total of 89 remain at LANL, 60 are
remediated daughter containers and 29 are unremediated parent containers.

If any additional nitrate salt-bearing waste containers are identified based on new information,
these containers will be managed in the same manner as the currently identified nitrate salt-
bearing waste containers. The Permittees will notify NMED during the technical calls as
established in Section IX.
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Characterization for the third category, cemented legacy and newly generated cemented wastes
from the nitrate processing line at TA-55, has recently undergone reevaluation, as discussed in
Section VII. These wastes do not require isolation, however, legacy cemented nitrate waste
containers generated since 1991 that contain free liquids have been conservatively
recharacterized as ignitable and corrosive.

V. Immediate and Current Actions for Remediated Nitrate Salt-Bearing \Waste
Containers

There are currently 60 remediated nitrate salt-bearing waste containers at LANL. The Permittees
validated this number through review of data from the Waste Compliance and Tracking System
(WCATS) database and a field walk-down verification. Below is a description of the activities
the Permittees have taken and currently conduct to address isolating and securing the remediated
nitrate salt-bearing waste containers.

1) On May 16, 2014, LANS applied five LANL tamper indicating devices (TIDs) to drum
number 68685 as shown in the attached photo (Attachment 2, photo 1). This TRU waste
drum is the sister drum related to the breached drum at WIPP (drum 68660 was
confirmed as the damaged drum during the May 22, 2014 WIPP entry, and drum 68685 is
its sibling). Additionally, a member of the DOE Los Alamos Field Office observed the
application of the TIDs.

On May 16, 2014, drum number 68685 was placed inside an SWB along with three
empty dunnage drums (Attachment 2, photo 2) and was sealed. LANS applied two
additional TIDs to either end of the SWB as shown in the attached photo (Attachment 2,
photo 3).

On May 16, 2014, the empty parent containers for the two drums of initial interest (68660
and 68533) in the WIPP underground repository were identified onsite at LANL. Asa
result, LANS applied TIDs to both empty parent containers (69120 and 68359) during the
early afternoon of May 16, 2014. This evolution was observed by DOE Los Alamos
Field Office. Since that time S855793 was determined to be the parent container of
drums 68685 and 68660.

These TIDs, and all subsequent TIDs, were installed in accordance with the LANL TID
User Manual, NMCA-TID-FWI-002 R.1 (Attachment 3) by trained and qualified LANL
TID users.
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No additional TIDs have been applied to date, nor do the Permittees intend to install any
additional TIDs at this time. However, additional TIDs will be applied as necessary to
ensure that valuable information is not lost or as otherwise needed.

If directed to open the containers, the TIDs must be removed by qualified TID personnel
in accordance with the TID User Manual (Section 3.21). In this instance, a two-person
rule must be followed to verify chain of custody has been maintained and to verify that
the TID has been properly destroyed once removed. Additionally, to ensure the TIDs are
not removed without approval from the Facility Operations Director (FOD), they also
have postings that clearly address that the TIDs cannot be removed without FOD
approval.

Some or all of these TIDs will be removed as part of the addition of pressure relief
devices with supplemental filtration described in Section I1V.16.

2) On May 18, 2014, the Permittees completed overpacking the 57 remediated nitrate salt-
bearing waste containers at LANL into SWBs. These containers were first placed into
isolated storage in Dome 230 at TA-54, Area G, which has an active fire protection
system. This dry-pipe fire protection system is not included within the LANL Hazardous
Waste Facility Permit (“Permit”), Attachment D (“ Contingency Plan™) asit was
inoperable during the re-application process for the Permit. This system became operable
in November 2011, and currently the Permittees have chosen not to credit this system as
fire control equipment in the Contingency Plan.

3) Additionally, as described in Permit Attachment A.4.5 and Attachment D, TA-54 Area G,
Table D-2, fire control equipment is located throughout Area G, including Dome 230.
This equipment includes ABC-rated or BC-rated fire extinguishers and several fire
hydrants. These fire hydrants will supply water at an adequate volume and pressure to
satisfy the requirements of 40 CFR 264.32(d).

4) The Permittees moved all remediated nitrate salt-bearing waste SWBs originally
identified at LANL to the TA-54-375 Perma-Con® located at TA-54, Area G. This move
was completed on June 3, 2014.

5) The 4 newly identified remediated nitrate salt-bearing waste containers located at LANL
were moved from Domes 232 and 153 into the TA-54-375 Perma-Con® on March 27,
2015. These containers were overpacked into 85 gallon waste containers on August 13,
2015.

6) As described in Permit Attachment A.4.5 and Attachment D, TA-54 Area G, Table D-2,
fire control equipment is located throughout Area G, including TA-54-375. This
equipment includes ABC-rated or BC-rated fire extinguishers and several fire hydrants.
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These fire hydrants will supply water at an adequate volume and pressure to satisfy the
requirements of 40 CFR 264.32(d).

The Los Alamos Fire Department (LAFD) is manned and available 24-hours a day. They
are able to utilize fire hydrants in the event of a fire or reaction. Additionally, the LANL
emergency management organization is also on call 24-hours a day, and will respond
promptly.

The TA-54-375 Perma-Con®, as a permitted unit, is authorized under the LANL Permit
for storage of mixed TRU wastes. The dry-pipe fire protection systems within the Perma-
Con® is not included within the Permit Contingency Plan as the Perma-Con® has
generally been used for processing waste containers, a process that requires added
safety/emergency controls more prescriptive than those of normal waste storage.
Therefore, currently the Permittees have chosen not to credit these systems as fire control
equipment in the Contingency Plan.

A pre-action fire suppression system (FSS) was installed in the TA-54-375 Perma-Con®
in February 2013. The FSS is designed as an ordinary group 2 pre-action sprinkler system
to protect the moderate hazard operations in the Perma-Con®. A drawing of the FSS in
Dome 375 is found in 375 Permacon Nitrate-Salt Waste Container Abnormal Conditions,
EP-AREAG-RM-AOP-1299, R.1 (Attachment 4). This system uses water for fire
suppression, which is compatible with the nitrate salt waste. Should the fire suppression
system activate, TA-54-375 has curbing that provides approximately 49,000 gallons of
retention capacity.

The sprinkler system pre-action valve is automatically activated by a combination of any
2 of 3 types of electronic initiating devices located in the Dome or the Perma-Con®:
smoke detection, heat detection, or fire alarm pull stations. During an event, fire alarm
pull stations can be accessed and manually activated by staff. Pull stations are located in
accordance with National Fire Protection Association (NFPA) standards in the Dome and
the Perma-Con®. Also, access is facilitated by maintaining emergency egress aisles with
a minimum aisle space of two feet in the Dome and the Perma-Con®. Further, in
compliance with Permit Section 3.5.1(1), the Permittees will maintain adequate aisle
space to allow for the unobstructed movement of personnel, fire protection equipment,
spill control equipment, and decontamination equipment within TA-54-375 Dome and
Perma-Con®. Finally, in the event of an abnormal condition, staff will evacuate quickly
and will promptly report to 911, the operations center or the shift manager. Should an
abnormal condition be observed, the Permittees will implement their emergency response
plan and provide notice to NMED within 24 hours.
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The Perma-Con® is constructed of stainless steel frame and sheeting. Itisa
contamination-control structure that is temperature-controlled and equipped with a High
Efficiency Particulate Air (HEPA) filtration and fire suppression system. The Perma-
Con® is also maintained at negative pressure. Additionally, the remediated drums were
overpacked into new SWBs and newly identified nitrate salt-bearing POCs were
overpacked into 85 gallon waste containers. SWBs are considered robust enough to
prevent lid loss due to deflagration or fire based on information in DOE-STD-5506-2007,
they would act as a barrier to provide a significant measure of worker protection. Should
an event occur, the TA-54-375 Perma-Con® is designed to contain a radiological release.

7) The Permittees are monitoring, on a daily basis, the temperature of the overpack
containers that contain remediated nitrate salt-bearing waste drums. As discussed above,
all remediated nitrate salt-bearing containers are overpacked in SWBs or 85 gallon
containers. Temperature measurements are taken of the top surface of the overpack
container using a thermocouple, infrared thermometer, or Infrared Imaging Camera.
After removal of SWB lids, temperature measurements will be taken from the top surface
of the 55-gallon container using a thermocouple, infrared thermometer, or Infrared
Imaging Camera. The target temperature at which the nitrate salt-bearing waste
containers are maintained in the TA-54-375 Perma-Con® is less than 90 °F.

The Permittees maintain records of all temperature monitoring. These activities will be
performed in accordance with LANL’ s Procedure on Nitrate Salt-bearing TRU Waste
Container Monitoring, EWMO-AREAG-FO-DOP-1246, R.6 (Attachment 5). These
records will be updated on a daily basis. The temperature data (both daily, and if
conducted as an additional measure, hourly) that the Permittees have collected since the
Isolation Plan was implemented was included with the Isolation Plan, Revision 2 as two
attachments. The attachments were discs containing documentation of daily and hourly
temperature measurements obtained by the Permittees up to the time the Permittees began
including temperature data in the written submissions provided to NMED, as established
in Section IX. Between the data included with the Isolation Plan, Revision 2 in an
attachment to that document and the data that the Permittees provide in the written
submissions, the Permittees have provided a current set of information to NMED.
Additionally, these records and all temperature data (both daily, and if conducted as an
additional measure under, hourly) will be available to NMED for inspection.

The Permittees performed visual inspections of these containers on an hourly basis, 24
hours per day, until the approval of the Permittees request to change the frequency of
visual inspections from hourly to daily received on November 20, 2015 (ESHID-
601027). On November 30, 2015, the Permittees began conducting daily visual
inspections to identify abnormal conditions (e.g., signs of smoking and fire, evidence of
deterioration, bulging). These activities are performed in accordance with LANL’s
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Procedure on Nitrate Salt-bearing TRU Waste Container Monitoring, EWMO-AREAG-
FO-DOP-1246, R.6. The Permittees maintain records of all visual monitoring. (See,
Attachment 5) These records are updated on a daily basis and are available to NMED for
inspection.

Recent studies, analysis, and a head space gas data report (Attachment 12) provides
additional understanding of the safety of remediated nitrate salt-bearing waste containers
onsite in the TA-54, Area G, Dome 375 Perma-Con®. The HSG data report demonstrated
the correlation of HSG concentrations with environmental temperature, and showed that
temperature influences the rate of chemical reaction. The HSG results provided a
measure of chemical reactivity of the remediated nitrate salt waste stream that has greater
fidelity than either temperature or visual monitoring. In fact, the HSG analysis can be
used as an indicator of increased chemical reactivity and as an input to initiate a facility
response for abnormal operating conditions. Visual inspection of the drums, while
providing confirmation of an abnormal environment, is not a leading indicator of an
abnormality. It is expected that any visual indication of an abnormality will be
accompanied by a hot gas release, which would be detectable through continuous remote
temperature monitoring of the container lid. For these reasons, a change from hourly
visual inspections to daily visual inspections was requested by the Permittees and
approved by the NMED.

After removal of the overpack SWB lid, visual inspection of the 55-gallon waste
containers within the open SWB will continue. During this time, visual inspection will be
more difficult to conduct when compared to the closed SWB container, however, the
drums will continue to be inspected for evidence of spills, leaks, or deterioration within
the SWB. Should any leak or spill occur, the leak would be contained within the SWB.
Additionally, visual inspections of the 55-gallon waste container will be a more effective
indicator of an abnormality, because the actual waste drum containing remediated nitrate
salt-bearing waste will be the container inspected.

Additionally, the Permittees are using continuous air monitors (CAMs) with alarm
capability, and will continue their use until further notice. There are CAMs in place in
the TA-54-375 Perma-Con® that can provide remote data if there is a significant airborne
release. Lastly, the Emergency Response/Hazardous Materials organization has been
briefed on the storage configuration.

Action levels have been established and response instructions prepared. These are
contained in the LANL procedure on Nitrate Salt-bearing TRU Waste Container
Monitoring, EWMO-AREAG-FO-DOP-1246, R.6 (Attachment 5). Should an abnormal
condition be observed, the Permittees will implement their emergency response plan and
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provide notice to NMED within 24 hours. Area G’s building emergency planisfound in
Attachment 6, and associated procedures are found at Attachments 7, 8, and 9.

8) The overpacks containing remediated nitrate salt-bearing waste containers are spaced an
adequate distance apart to limit any potential interactions between the containers. This
distance has been determined to be a minimum of one foot between containers. This
distance is based on the Permittees’ review of evidence from the event at WIPP, a
calculation on the heat transfer from a container undergoing a similar reaction, and a
review of fire protection and Permit requirements. Overpack containers have been stored
with a minimum of 2 feet between containers and will not be moved prior to, or after, the
addition of the pressure relief devices with supplemental filtration to the 55-gallon inner
containers.

The Permittees have reviewed photographs of the impacted drum in WIPP Room 7, Panel
7 and the adjacent containers. From the photographs, the adjacent drum and the adjacent
SWB appear to have minimal damage and no release. The adjacent drums are in contact
with the impacted drum and the adjacent SWBs are within inches of the impacted drum.

The Permittees have performed a preliminary calculation on the minimum separation
distance between containers to ensure that an incident in one container will not impact an
adjacent container. Assuming the offending container reaches a maximum temperature
of approximately 1100°F and that the adjacent container does not to exceed 200°F, the
heat generated from the offending container drops off to below 200°F within 1 inch. The
2 foot spacing in use provides additional assurance that the adjacent containers will not
be impacted by the heat generated during an exothermic event in a single

container. Drawings that include the locations of the containers are included in 375
Permacon Nitrate-Salt Waste Container Abnormal Conditions, EP-AREAG-RM-AQOP-
1299, R.1 (Attachment 4). The use of fire curtains in between containers will not provide
a measurable reduction in the thermal conductivity across the 24 inches but does provide
protection from flame impingement.

Containers in the TA-54-375 Perma-Con® are placed in rows that allow for emergency
egress and that have Permit compliant spacing between each row. If used, the fire
curtains will be placed within a row (that is, between the adjacent containers in that row)
to mitigate the potential for interaction between adjacent containers. The Permittees have
procured fire curtains are rated to a continuous temperature of 1800°F and intermittent
temperatures of 2500°F.

The NFPA consensus standards were also reviewed and NFPA 211 provided the most
similar type of control. NFPA 211 covers the installation of chimney pipes and stoves
and the distance recommended between the pipe and unprotected combustibles is 18

LA-UR-16-21411
March 2016



16

inches. There are no unprotected combustibles in the Perma-Con®s in Domes 231 and
375.

This 2 foot distance also meets the requirements in Permit Section 3.5.1(1). This section
requires the Permittees to maintain adequate aisle space to allow for the unobstructed
movement of personnel, fire protection equipment, spill control equipment, and
decontamination equipment within the TA-54-375 Dome and Perma-Con®.

The Permittees have purchased fire resistant curtains that are not in use, but may be used
in lieu of spacing. Containers will be placed in rows that allow for safe egress and that
have Permit compliant spacing between each row. If used, the curtains will be placed
within a row (that is, between the adjacent containers in that row) to mitigate the potential
for interaction between adjacent containers. The fire curtains are rated to a continuous
temperature of 1800°F and intermittent temperatures of 2500°F. This temperature well
covers the temperature at which a breached container is estimated to reach. Prior to using
fire resistant curtains, the Permittees will discuss the details of their use with NMED
during the technical calls established in Section IX.

The Permittees will protect workers by restricting access to the remediated nitrate salt-
bearing waste containers. Only those personnel performing the ongoing container
monitoring activities (e.g., daily monitoring), other sampling/data collection work (e.g.,
periodic head space gas sampling), necessary maintenance activities (e.g., corrective or
preventative maintenance), and other required inspections (e.g., Permit required
inspections) will be allowed into the storage areas. This is documented in Standing Order
EWMO-AREAG-S0O-1247, R.2 (Attachment 10). Also, there will be warning signs
posted at the entrance to the TA-54-375 Perma-Con® that will inform personnel of
access restrictions.

Additionally, all originally identified remediated nitrate salt-bearing waste (in May 2014)
were packed in new drums and overpacked into new SWBs, and suspect nitrate salt-
bearing waste is located in 85 gallon overpacked POCs. Since SWBs and 85 gallon
overpacked POCs are considered robust enough to prevent lid loss due to deflagration or
fire, based on information in DOE-STD-5506-2007, they would act as a barrier to
provide a significant measure of worker protection. No other protective shields or
barriers were deemed necessary for the protection of workers at this time.

Furthermore, the ongoing data collection activities provide continuing information on the
physical condition of the waste so that appropriate additional worker safety measures can
be taken, if required.

9) Prior to moving nitrate salt-bearing containers, the Permittees will notify the LANL
Emergency Operations Center (EOC). The EOC will notify the Los Alamos Fire
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Department and other responders, if needed. The Permittees will notify the EOC at the
completion of the move. The Permittees do not anticipate that responders will be present
during the movement of these containers, or that responders will be present/alerted during
other actions.

10) The Permittees have updated all procedures and safety basis documents to convert the
processing facilities into storage facilities.

11) SWBs and 85 gallon containers display the required labels for all inner containers or are
reclassified as a new container in WCATS. This means that the container either displays
the container identification number for the 55-gallon nitrate salt-bearing waste container
within the overpack or displays a new container number. The 60 subject containers
(including the sister drum to the breached drum in WIPP) have been clearly labeled with
the appropriate warning labels and any other required labeling. Specifically, the
containers have the hazardous waste labels required by Permit Section 3.6(1) and the
remediated nitrate salt-bearing waste containers are also marked as “ Radioactive’, as
required by Permit Section 3.6(1). The four 85 gallon containers have been labeled as
containing “Free Liquids’ and have been placed on adequate secondary containment
within the TA-54-375 Perma-Con®. Additionally, three of the remediated nitrate salt-
bearing waste containers that are overpacked in SWBs within the TA-54-375 Perma-
Con® have been identified as containing free liquids. The SWBs were not placed on
secondary containment when this discovery was made because movement of the SWBs is
prohibited. Additionally, there are visual inspections conducted daily that would identify
leaked liquid and the facility has procedures that will be followed in the event of a spill or
leak within the TA-54-375 Perma-Con®.

After removal of the SWB lid, the internal 55-gallon remediated nitrate salt-bearing
waste container will be stored within the open SWB. Appropriate labels will be applied to
the top of the 55-gallon waste container and WCATS will be updated to include the 55-
gallon waste drums as the containers in storage within the TA-54-375 Perma-Con®.
After the addition of the pressure relief device and supplemental filtration, the 55-gallon
waste containers will not be removed from the open SWB overpack or elevated to meet
the requirements of Permit Sections 3.7.1(1) or 3.7.2(1)(a). This storage configuration
will continue to be protective of human health and the environment, as daily visual
inspections, temperature measurement, and headspace gas sampling on the 55-gallon
drums will be conducted as outlined in Sections 1.7 and IV.12. Any leak or spill that
may occur will be contained within the SWB and would be discovered during the next
inspection. Additionally, visual inspections, temperature measurements, and headspace
gas sampling will be a more effective indicators of an abnormality, because the 55-gallon
waste container will be the container monitored.
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12) The Permittees have conducted HSG sampling on all 54 SWBs and four 85 gallon
containers that contain nitrate salt-bearing waste containers. Each SWB has been sampled
for at least seven days.

Gas chromatography with thermal conductivity detection is used for the analysis of He,
Hz, Oz, N2, CH4, CO, CO2, and NO4 in HSG samples. The HSG sample data (H2, COy,
CO, and N20) that the Permittees collected from the time the Isolation Plan was
implemented through September 11, 2014 was included as an attachment to Isolation
Plan Revisions 2 and 3. In conjunction with the data in those revisions and the data that
the Permittees have provided in the written submissions, the Permittees have provided a
current set of information to NMED. Attachment 11 graphically presents the Ho, COo,
CO, and N0 data collected for seven SWBs that are currently daily or twice weekly
sampled. The CO- values are adjusted by the quantity of CO; in the field blank (i.e., the
amount of CO; in the air at the time the sample is taken is subtracted from the CO-
reading from the container). No other adjustments are made to the data.

Hez and CH4 have not been detected in HSG samples, and Oz and N are observed at
atmospheric concentrations. More detailed information on these compounds is available
to the NMED at their request. If there is any change to this status, the Permittees will
inform the NMED during the technical calls established in Section IX.

The Permittees began this HSG sampling on May 19, 2014, when they began daily HSG
sampling of SWB 68685. This SWB contains TRU waste drum 68685 which is the sister
drum related to the breached drum at WIPP.

On June 18, 2014, the Permittees began HSG sampling on the additional SWBs
containing nitrate salt-bearing waste containers, in order to better be able to compare and
evaluate results against SWB 68685. On July 24, 2014, the Permittees began daily HSG
sampling of SWB SB50522. On August 13, 2014, LANL had conducted HSG sampling
of all 55 SWBs that contain remediated nitrate salt-bearing waste. The Permittees
transitioned to sampling a subset of the 55 SWBs on a regular basis (this subset may
change over time). All of this headspace gas monitoring was an additional measure above
those described in the original May 19, 2014 Isolation Plan and the May 29, 2014
Revised Isolation Plan.

On September 3, 2014, upon receipt (email) of the NMED’ s letter dated August 29, 2014,
the Permittees immediately resumed daily HSG sampling of SWBs 68685 and SB50522.
(The Permittees had been sampling both of these containers on a daily basis until August
28, 2014, when they shifted sampling to twice per week. The Permittees had also
conducted HSG sampling of both SWBs on September 2, 2014.)
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The Permittees conduct HSG sampling to measure concentrations of Hz, CO,, CO and
N20 within the containers for the remediated nitrate salt-bearing waste. The Permittees:

1. Conduct daily HSG sampling of SWB SB50522 and the SWB that contains
68685.

2. Periodically sample HSG of 52 other SWBs and four 85 gallon containers within
the TA-54-375 Perma-Con®. HSG sampling occurs on a schedule that ensures
that each of the containers are sampled for HSG at least once per calendar month.
The Permittees began implementation of this monthly HSG sampling in
September, 2014. The monthly schedule is supported by the graphical
presentations of the Hz, CO2, CO and N20 data in Attachment 13 which indicate
stability in the analyzed gas constituents and is protective of human health and the
environment.

HSG sampling was conducted for at least seven days on the four newly identified POCs
(prior to overpacking). After the seven day sampling was completed, the POCs (
overpacked into 85 gallon containers) were added to the monthly sampling schedule
described above. Additionally, the SWB that was removed from the inventory of nitrate
salt-bearing waste containers was removed from this schedule in September 2015.

HSG sampling to measure concentrations of Hz, CO2, CO and N»O after the addition of
the pressure relief devices with supplemental filtration will continue following the same
schedule described above.

The Permittees include HSG data (H2, CO2, CO and N20O) in the written submissions
provided to NMED, as established in Section IX. Between the data included with the
Isolation Plan, Revisions 2 and 3 and the data that the Permittees provide in the written
submissions, the Permittees have provided a current set of information to NMED. These
records, and all temperature data, are available to NMED for inspection.

Additionally, as part of initial investigations, the Permittees performed solid phase micro-
extraction (SPME) analyses. This work was performed as part of the Permittees
additional measures. SPME monitors for trace levels of organic compounds (< 1ppm).
The detection limits for organic compounds without SPME is sufficient to establish that
concentrations of organic vapors do not approach flammability limits. SPME was
performed for the purpose of detecting organic molecules which could be an ignition
initiator at very low concentrations. No noteworthy detections of compounds were
observed. A summary of this data with graphical presentation of the data (prior to
September 2014) was included as an attachment to Isolation Plan Revisions 2 and 3.
SPME analyses was discontinued in September 2015, because no detections for organic
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compounds were observed during the time the analyses was conducted and the Permittees
deemed that there was no value added to continuing SPME analyses.

= The Permittees evaluated the HSG data (H2, CO2, CO, and N20) collected
from SWB SB50522 from July 24, 2014 through September 11, 2014.
SB50522 contains four drums, with the following container identification
numbers and waste stream identification numbers:

= Container 69490 (LA-MIN02-V.001)

= Container 69271 (LA-MINO03-NC.001)

= Container 68799 (LA-MINO03-NC.001)

= Container 57653 (LA-CIN01.001)

The range (high to low) of Ha levels the Permittees observed in HSG data during that
time frame was 28,020 parts per million (ppm) to 6,986 ppm. On July 30, 2014, the
Permittees installed additional filters in the SWB to decrease concentrations. This
approach was successful and concentrations of Hy are present at a lower level. From
August 18, 2014 through September 11, 2014, H levels remained below 10,000 ppm.
The range (high to low) of CO; levels the Permittees observed in HSG data was 76,858
ppm to 39,338 ppm during that time frame.

The range of temperature measurements the Permittees observed during hourly
temperature measurements through November 17, 2015 were:

SB50522 Temperature Degrees Fahrenheit
High 84.1
Low 31.8

For comparison the ambient temperature range in Dome 375 Cell 1 where SB50522 is
located during the same time period is:

Dome 375 Cell 1 Temperature Degrees Fahrenheit
High 90.6
Low 29.3

Prior to packaging the four containers into SB50522, the Permittees conducted flammable
gas analysis on three of the containers (57653, 69271 and 69490). (Note: although
flammable gas analysis is not required for the LA-MINO03-NC.001 waste stream it was
conducted for 69271.) The Quantitation Reports for flammable gas analysis for the three
containers were provided as an attachment to Isolation Plan Revisions 2 and 3.
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13) The Permittees also evaluated the HSG data (H2, CO2, CO, and N20) collected from all
of the SWBs with remediated nitrate salt-bearing waste through September 11, 2014 and
the discussion below describes this evaluation. The Permittees continue to evaluate HSG
data and the results of that evaluation are described in the modeling report included as
Attachment 12.

As background information, radiolytic processes produce simple gas molecules from the
interaction of radiation with organic and inorganic material in TRU waste. Hydrogen is
typically the principal gas produced from the interaction of radiation with organic
material. During headspace analysis for hydrogen, levels of other gases including CO,
COgo, and N20 are also measured. Gaseous CO- can also be formed from radiolysis, and
its concentration depends on the specific composition of the waste. From studying the
radiolysis of selected simulated TRU waste, the relative amount of CO2 and H that is
produced has been established under a range of conditions. From these investigations,
the ratio of the amount of CO. to Hz produced was greatest for poly vinyl chloride, with a
maximum ratio for this material to be 6.5 CO2/H>. Other waste types did not produce as
much CO; and therefore this ratio would be less than 6.5.

The conducted HSG analysis initially selected revealed that some drums had CO> to Hy
ratios of >100. This suggests that gas generation in some cases cannot be attributed
solely to radiolysis of the waste. This supposition is reinforced by the observation of
nitrous oxide > 1,000 ppm, which would likely be indicative of nitrate salt chemistry.
Atmospheric concentrations for these gases are approximately 450 ppm and 350 parts per
billion (ppb) respectively.

LANL began characterizing the headspace gas of 55 SWBs containing remediated nitrate
salt-bearing waste for Volatile Organic Compounds (VOCs) by Gas Chromatography/
Mass Spectrometry (GC-MS) and for permanent gases using GC with a Thermal
Conductivity Detector (GC-TCD). Permanent gases are those that remain gaseous at
standard temperature and pressure. Daily monitoring of a subset of these 55 SWBs was
initiated on May 19, 2014. All 55 SWBs have now been characterized. Elevated
concentrations of HSG compounds have been observed at concentrations well above
normal atmospheric concentrations in some of these 55 SWBs (Attachment 13). These
concentrations cannot be explained based on radiolysis of waste drum content and
suggest that the gases are being produced from other processes. Specifically, N2O is
believed to result from the oxidation of material contained within the nitrate salt
containing waste. The N2O concentrations observed, ranging from (100 — 9000 ppm), are
above the normal atmospheric concentration of ~ 350 ppb. The Permittees have ongoing
work that may provide insight into this chemistry.
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While high COz concentrations (and potentially the ratio of CO2 and H.) are expected to
be proportional to the magnitude of potential changes taking place in any given drum,
they are not, on their own an indicator of significant changes to the waste within the
container. By September 19, 2014, the Permittees had collected over 700 HSG samples.
The graphical representation of this HSG data indicates stability in the analyzed gas
constituents and supports the monthly sampling schedule set out in Section V.10 above.

The Permittees initially suspected the CO> to Ha ratio might be an indicator of radiolytic
decomposition, and tracked that ratio. However, analysis of the HSG data (H2, CO», CO,
and N20) gathered to date indicates there are potentially other gas generating
mechanisms occurring within some containers. The concentrations of oxidation products
(e.g., CO2 and N20) is ancillary to the H> concentration measurement. While it provides
additional insight into the nitrate salt-bearing waste, the Permittees no longer consider
tracking the CO> to Ha ratio to be a useful indicator. The Permittees have focused
ongoing analyses on the monitoring of H2 concentrations and temperature measurements
rather than ratio of CO; and H> because: the lower flammability limit (LFL) for H is
established; both H> gas concentrations and temperature are readily measured; and
actionable levels can be established. The H2 and temperature measurements are a more
direct way to monitor potential changes in the waste.

14) The Permittees currently utilize a combination of temperature measurement and regularly
collected HSG data as indicators to track chemical reactivity and as a basis for validating
container safety. Modeling has been conducted and an interpretation of HSG observations
has been drafted in support of this approach (Attachment 12). If the HSG concentrations
were to depart from the expected trends based on the storage temperature and previous
concentrations (e.g., higher CO2 concentrations than expected based on the model) the
Permittees could infer increasing chemical reactivity and potentially, increased hazard.
For example, in 2015, the temperature dependent concentrations have been significantly
lower in the summer when compared to those measured in the summer of 2014. If
concentrations were to exceed the most recent values and approach those of 2014, there
would be a strong indication that chemical reactivity has increased and therefore concern
for safety would be increased.

15) If the Permittees observe an Hz concentration at or above 20,000 ppm (~50% of the lower
explosive limit [LEL]), they will conduct daily HSG (H2, CO», CO, and N2O) for that
SWB.

If the Permittees observe an Hx concentration at or above 30,000 ppm (~75% of the
LEL), they will install additional filters in the SWB, if the SWB is configured to accept
additional filters. (This approach was successfully implemented by the Permittees with
SB50522. Concentrations of H> were reduced after the installation of additional filters in

LA-UR-16-21411
March 2016



23

that SWB, and have since been maintained at a lower level.)

If additional filters cannot be added to the SWB or if concentrations are not reduced to
below 30,000 ppm at the next daily HSG sample, then the Permittees will apply a 15 foot
stand-off exclusion zone. (The stand-off exclusion zone is a 15 foot area that is used at
LANL to surround a container that is or has become unvented, thereby unable to vent
contents adequately. This area is segregated from normal operations except those
operations specific to disposition or inspection of the container of concern. Surrounding
containers may exist in the exclusion zone. Entry into the exclusion zone is controlled by
the Facility Operations Director (FOD) who will determine what actions can be taken —
including entry for sampling, temperature measurements or visual monitoring.) This
approach is consistent with the hazard analysis that has been performed for an unvented
drum discovery. The Permittees will notify LANL Emergency Management to assume
responsibility for the container if the container poses a threat, e.g., bulging.

The Permittees include HSG data (Hz, CO2, CO, and N20) in the written submissions
provided to NMED, as established in Section IX.

16)  As part of the Permittees continued evaluation for safe storage of remediated nitrate salt-
bearing waste containers, tests continue with surrogate remediated nitrate salt-bearing
waste mixtures. Current test results show that pressure is crucial to establishing a self-
sustained thermal runaway in the tested material. These results point to pressure relief as
a means to prevent over-pressurization of the waste containers and minimize the
possibility of thermal runaway while in storage.

In February 2016, the Permittees concluded that the best approach to increasing the safe
storage strategy for remediated nitrate salt-bearing waste containers was to add pressure
relief devices with supplemental filtration to the waste containers stored within the TA-
54-375 Perma-Con® that are within SWBs and are standard 55-gallon waste containers,
not POCs. At this time, POCs stored within SWBs or 85 gallon overpack containers will
not be opened.

The process for addition of the pressure relief devices with supplemental filtration will
include opening the SWB overpack containers to gain access to the 55-gallon remediated
nitrate salt-bearing waste container(s) within each overpack container, opening the 55-
gallon container(s), piercing the internal bag, closing the 55-gallon container(s), and
equipping the 55-gallon waste container with a pressure relief device and supplemental
filter in the 2-inch bung hole. Steps for this path forward are outlined below.

Prior to opening the overpack container, an HSG sample will be collected from the SWB
for analysis to verify the results do not indicate an adverse condition. Then, one of the
four % inch HEPA vent filters/plugs will be removed and a radiological survey will be
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performed to verify contamination levels are within radiological work permit limits. If
contamination levels are within permit limits, a borescope will be inserted in the vent
hole to examine the condition of the SWB internals and the containers within the SWB. If
there is no indication of a chemical reaction or drum deterioration, the Permittees will
begin the process to remove the SWB lid.

Removal of the SWB lid will be accomplished by first loosening all 42 lid bolts using a
bit wrench. Bolts that strip, will be drilled out using a slow velocity (90 revolutions per
minute) magnetic drill using tool oil to lubricate the surface and mitigate any spark
hazards. Multiple drills may be used concurrently within the TA-54-375 Perma-Con®.
Although the tools proposed for use are not nonsparking tools, the potential for sparks
will be minimized and the ignitable waste is sealed within the inner 55-gallon waste
container.

When all of the bolts have been removed from the SWB, the lid will be removed and a
radiological survey will be performed to verify that contamination levels are within
radiological work permit limits. After this survey, the 55-gallon remediated nitrate salt-
bearing waste drum will be visually inspected to ensure its integrity. The containers will
be stored within the opened SWB prior to the addition of pressure relief devices with
supplemental filtration. Daily visual inspections and temperature measurements on the
55-gallon drums will be conducted as outlined in Section I1V.7.

Prior to the addition of the pressure relief device with supplemental filtration, an HSG
sample will be collected from the 55-gallon drum for analysis. Within 24 hours of HSG
sampling, the 2 inch bung will be removed from the 55-gallon drum by unscrewing.
Operators will ensure that the tools used are at the same potential as the drum (through
touching or bonding to the container). A borescope will be inserted in the bung hole to
examine the internal configuration of the waste within the container. If there is no
indication of a chemical reaction, the process will continue on to the next step.

The liner bag in the 55-gallon drum will be pierced using a sharp instrument, and a
pressure relief device with supplemental filtration will be screwed into the 2 inch bung
hole. Piercing of the bag is necessary to ensure that there will be no pressure contained
within the bag.

Remediated nitrate salt-bearing waste containers will remain in isolated storage within
the TA-54-375 Perma-Con®. Regular HSG sampling and analysis to verify that the
headspace gas concentrations are consistent with expected trends will be conducted as
outlined in Section 1V.12.

17) The isolation configuration described in this section continues to be protective of human
health and the environment in light of the observed concentrations of H> and COz in
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SWBs and 85 gallon containers, and in light of the conservative assignment of EPA
Hazardous Waste Number DO01. The facility being used for isolation is compliant with
the LANL Hazardous Waste Facility Permit. The fire suppression systems, climate
control and filtration systems, and other mechanisms described above are designed to
protect human health and the environment in the event of a reaction within a container, a
release, a fire, or an explosion. The Permittees continue to evaluate the effectiveness of
the isolation configuration and will make changes to this configuration as appropriate to
ensure continued protection of human health and the environment.

V. Immediate and Current Actions for Unremediated Nitrate Salt—Bearing \Waste

Containers

There are currently 29 unremediated nitrate salt-bearing waste containers at LANL. The
Permittees validated this number through review of data from the WCATS database and a field
walk-down verification conducted prior to May 29, 2014. Below is a description of the activities
DOE/LANS implemented isolating, securing, and then removing from isolation the
unremediated nitrate salt-bearing waste containers.

1) The 29 unremediated containers were first placed into isolated storage in Dome 230 at

2)

3)

TA-54, Area G, which has an active fire protection system. This dry-pipe fire protection
system is not included within the Permit Contingency Plan as it was inoperable during the
re-application process for the Permit. This system became operable in November 2011,
and currently the Permittees have chosen not to credit this system as fire control
equipment in the Contingency Plan.

Additionally, as described in Permit Attachment A.4.5 and Attachment D, TA-54 Area G,
Table D-2, fire control equipment is located throughout Area G, including Dome 230.
This equipment includes ABC-rated or BC-rated fire extinguishers and several fire
hydrants. These fire hydrants will supply water at an adequate volume and pressure to
satisfy the requirements of 40 CFR 264.32(d).

The Permittees moved all unremediated nitrate salt-bearing waste containers at LANL to
the Perma-Con® in Dome 231 located at TA-54, Area G. This move was completed on
June 3, 2014.

The Permittees monitored the temperature daily of the 85 gallon overpacks that contain
unremediated nitrate salt-bearing waste drums from the time the Isolation Plan was
implemented until the approval of the Isolation Plan, Revision 3 on April 27, 2015. Daily
temperature measurements were taken of the external surface of the 85 gallon overpack
using a calibrated infrared thermometer. The target temperature at which the nitrate salt-
bearing waste containers were maintained while in isolation was less than 90°F.
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The Permittees maintain records of all temperature monitoring. These activities were
performed in accordance with LANL’ s Procedure on Nitrate Salt-bearing TRU Waste
Container Monitoring, EWMO-AREAG-FO-DOP-1246. The temperature data (both
daily, and if conducted as an additional measure, hourly) that the Permittees collected
since the Isolation Plan was implemented was included with the Isolation Plan, Revision
2 as two attachments. The attachments were discs containing documentation of daily and
hourly temperature measurements obtained by the Permittees up to the time the
Permittees began including temperature data to NMED in the daily written submissions
provided to NMED, as established in Section IX. Between the data included with the
Isolation Plan, Revision 2 in Attachments 8 and 9 of that plan and the data that the
Permittees provided in the written submittals, the Permittees provided a complete set of
information to NMED. Additionally, these records and all temperature data (both daily,
and if conducted as an additional measure, hourly) are available to NMED for inspection.

The Permittees also performed visual inspections of these containers on an hourly basis,
24 hours per day, to identify abnormal conditions (e.g., signs of smoking and fire,
evidence of deterioration, bulging) from the time the Isolation Plan was implemented
until the approval of the Isolation Plan, Revision 3. These activities were performed in
accordance with LANL’s Procedure on Nitrate Salt-bearing TRU Waste Container
Monitoring, EWMO-AREAG-FO-DOP-1246. The Permittees will maintain records of all
such visual monitoring. These records are available to NMED for inspection.

Additionally, the Permittees used continuous air monitors CAMSs with alarm capability.
There were CAMs in place in the TA-54-231 Perma-Con® for the entire time
unremediated nitrate salt-bearing waste containers were stored within the Perma-Con®.
Lastly, the Emergency Response/Hazardous Materials organization were briefed on the
storage configuration while the containers were isolated.

4) During isolation, unremediated nitrate salt-bearing containers were spaced an adequate
distance apart to limit any potential interactions with other containers. This distance has
been determined to be 2 feet between containers. This distance was based on the
Permittees’ review of evidence from the event at WIPP, a calculation on the heat transfer
from an SWB undergoing a similar reaction, and a review of fire protection and Permit
requirements.

5) During isolation, the Permittees protected workers by restricting access to the
unremediated nitrate salt-bearing waste containers. Only those personnel performing the
ongoing container monitoring activities (e.g., daily temperature monitoring), other
sampling/data collection work (e.g., periodic head space gas sampling), and other
required inspections (e.g., Permit required inspections) were allowed into the storage
areas. This is documented in Standing Order EP-AREAG-S0O-1247. Also, there were
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warning signs posted at the entrance to the Perma-Con® in Dome 231 informing
personnel of access restrictions.

6) Additionally, all unremediated nitrate salt-bearing waste is in 55-gallon drums that have
been overpacked into 85 gallon containers of good integrity.

7) This waste has been stored above-ground for many years and the Permittees continued
data collection activities to provide information on the physical condition of the waste so
that appropriate additional worker safety measures could be taken, if required.

8) Further evaluation of unremediated nitrate salt waste led to the conclusion that the 29
unremediated nitrate salt-bearing waste containers do not require specific isolation from
other waste containers stored at permitted units at TA-54 Area G. Unremediated salts are
determined to not present the potential hazard of spontaneous combustion or enhanced
combustion in their current configuration; therefore, they can be stored in any area in
which combustible material is minimized and separated from the nitrate salt waste
containers, without fear of a release. Attachment 13 for this Isolation Plan details the
assessment conducted to reach this conclusion.

9) As aresult of this evaluation, the Permittees received NMED approval to move the 29
unremediated nitrate salt-bearing waste containers located within the Dome 231 Perma-
Con® from isolation and into a compliant permitted storage unit at TA-54, Area G, Pad 9
within Dome 230. Storage of the waste containers within Dome 230 will continue to be
protective of human health and the environment. In light of the conservative assignment
of EPA Hazardous Waste Number D001 and D002 (D002 conservatively assigned to
some containers as described above), storage of the containers will meet all applicable
conditions in Permit Section 2.8 and all other applicable sections of the LANL Hazardous
Waste Facility Permit.

Dome 230 at TA-54, Area G, is equipped with an active dry-pipe fire protection system.
Additionally, as described in Permit Attachment A.4.5 and Attachment D, TA-54 Area G,
Table D-2, fire control equipment is located throughout Area G, including Dome 230.
This equipment includes ABC-rated or BC-rated fire extinguishers and several fire
hydrants. These fire hydrants will supply water at an adequate volume and pressure to
satisfy the requirements of 40 CFR 264.32(d).

Additional precautions that will be maintained for these containers of ignitable waste
include:

e CAMs with alarm capability are located within TA-54, Area G, Dome 230.
e Waste will be stored with adequate aisle space (at least 2 feet) and separate from
other wastes within the permitted unit.
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e The waste will be protected from sources of ignition by facility procedure.

e Sources of open flames will not be allowed in, on, or around the containers and
smoking is not permitted within the boundaries of TA-54, Area G.

e Dome 230 has appropriate lightning protection for storage of ignitable waste.

e Non-sparking tools will be used when managing ignitable waste containers (e.g.,
opening waste container or sampling waste).

e Movement of the containers will be achieved using a drum grappler or a forklift.

e Dome 230 is designed for secondary containment, but the 26 unremediated nitrate
salt-bearing waste containers that have free liquids are stored on secondary
containment pallets or the containers will be separated or segregated to prevent
any contact with accumulated liquids as required by Permit Section 3.7. The
remaining 3 containers will be stored elevated.

e Waste containers are not stacked.

VI. Remediation Planning

1) The Permittees have established a“Remediation Team” to identify a path forward for
remediation of these containers as necessary and appropriate. The Remediation Team
has met regularly. The Permittees have met with NMED on multiple occasions to discuss
the Team'’ s progress, and will continue these communications.

As discussed in Paragraphs IV.2 and V.3 above, the Permittees have overpacked the 56
remediated nitrate salt-bearing waste containers at LANL into 54 SWBs. These 54
SWaBs are currently located in the TA-54-375 Perma-Con®. As discussed in 1V.4 above,
an additional four 85 gallon containers are also located in the TA-54-375 Perma-Con®.

NMED and the Permittees have had initial discussions on these potential remediation
actions and the Permittees will continue their contact with NMED to coordinate
meeting(s) to discuss these potential actions in more detail. The Permittees will use these
meetings to help develop a proposal for submittals to NMED.

2) Any treatment plans or proposals that are developed by the Remediation Team shall be
discussed with NMED. These plans or proposals shall include, but not be limited to, the
neutralization steps, the reagents used, the location of the process for treating wastes,
and any other key specific information related to all potential treatment options. Any
treatment plans that are developed shall detail which characteristic (toxicity, reactivity,
ignitability, corrosivity) mixed TRU wastes the Perma-Con®s (or other locations such
as the glovebox at the Waste Characterization Reduction and Repackaging Facility
[WCRRF]) are authorized to treat — including, as appropriate, the removal of the
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characteristics of ignitability (D001) and/or corrosivity (D002). Permittees shall discuss
with NMED any permit modifications or authorizations that may be necessary for
treatment of the nitrate salt-bearing wastes.

3) The key events, actions and activities to be documented as specified in the treatment
plan. The Permittees will maintain records of all key events, actions and activities
related to the disposition of the unremediated nitrate salt-bearing waste as documented
in the treatment plan (e.g., safe storage configuration, the neutralization steps, the
reagents used, the location of the process for treating drums). These records will be
updated and be available to NMED for inspection.

VIlI. Cemented Legacy and Newly Generated Cemented Nitrate Salt-Bearing Waste

Since 1991, the nitrate salt waste stream generated from the evaporator process at TA-55 has
been sent to cement fixation immediately upon generation. Remediated and unremediated nitrate
salt-bearing waste containers generated at TA-55 prior to 1991 are discussed above. Additional
information about the review that the Permittees conducted to identify containers with nitrate
salt-bearing waste is included in Enclosure 2 of the Permittees' letter to NMED dated September
19, 2014 (DIR-14-149). This enclosure also includes a discussion on how the evaluation was
conducted for a specific subset of waste containers (all of which were pre-1991 containers). The
discussions below include information about the Permittees’ characterization of both legacy and
newly generated cemented nitrate salt-bearing waste that has been generated since 1991.

Some containers from the subset of the TA-55 cemented waste stream (CINO1) include small
quantities of dewatered liquids with the potential for containing nitrate compounds. The liquid is
believed to have originated from dewatering of the cemented waste over time. The Permittees
continued evaluation of the contents of these containers. Free liquid in one unremediated
cemented waste container (No. S811785, LA-CIN01.001) was analyzed and found to contain
oxidizing compounds, specifically nitrate in the ~34% wt. range. The Permittees identified 448
waste containers stored at LANL that were either verified to contain free liquids or were
awaiting RTR review for presence of free liquids.

The Permittees decided to conservatively label and manage these waste containers in the interim
as ignitable (D001) and corrosive (D002) waste pending completion of multiple concurrent
actions. This is described in Self-Disclosure of Non-Compliances Resulting From the Extent of
Condition Review Los Alamos National Laboratory Hazardous Waste Facility Permit No
NM0890010515 (DIR-15-127 or ESHID-600898). The Permittees then implemented a sampling
and analysis effort to analyze LA-CINO1 waste containers to confirm or deny the applicability of
the ignitability characteristic (D001). In addition to the one container discussed above,
additional waste containers were sampled and analyzed to confirm the chemical composition of
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the contents. Analytical results provided to the NMED-HWB (ENV-DO-15-0313 or ESHID-
601010) were used to determine that D001 and D002 were applicable for the subset of the LA-
CINO1 waste stream that contain liquids (ADESH-15-162 or ESHID-601002). Management of
these containers continues to be consistent with these types of wastes and do not require special
isolation under this plan. Concurrently, the Permittees have reviewed existing RTR data
(available for most of the LA-CINO1 waste containers), and will schedule RTR analysis for the
remaining containers without RTR data, or pre-screen data, as soon as practicable.

The cementation process that is utilized for newly generated cemented waste at TA-55 would
remove any characteristics of ignitability and reactivity from the nitrate salt waste stream, if
applicable. The nitrate salt waste in containers generated at TA-55 after 1991 has been
cemented. The cemented waste is therefore not ignitable per the definition in 40 CFR 264.21
(Characteristic of Ignitability) or reactive per the definition in 264.23 (Characteristic of
Reactivity).

The waste characterization by Acceptable Knowledge used at TA-55 to demonstrate that the
cement from the stabilization process for newly generated waste meets the waste acceptance
criteria at WIPP was centered around two primary elements (1) no free liquids greater than 1%
were present in the cemented waste and 2) the Portland cement created an inert solid monolith.
These elements support the determination that the waste does not exhibit the characteristics of
ignitability and reactivity.

The ignitability characteristic is not a concern for the following reasons: (1) the cement from the
stabilization process is a solid and does not meet the definition of a liquid per 40 CFR
261.21(a)(1); (2) the cement has never exhibited the characteristic of an ignitable solid that is
capable “under standard temperature and pressure of causing fire through friction, absorption of
moisture or spontaneous chemical changes and, when ignited, burns so vigorously and
persistently that it creates a hazard” per 40 CFR 261.21(a)(2); and (3) the cement has never
exhibited oxidizing behavior per 40 CFR 261.21(a)(4).

The reactivity characteristic has never been observed regarding cement, and further, review of
AK documentation processes involved with this waste stream do not indicate the potential for
reactivity. The cement has never exhibited the following properties per 40 CFR 261.23: (1) it is
normally unstable and readily undergoes violent change without detonating; (2) it reacts
violently with water; (3) it forms potentially explosive mixtures with water; (4) when mixed with
water, it generates toxic gases, vapors or fumes in a quantity sufficient to present a danger to
human health or the environment; (5) it is capable of detonation or explosive reaction if it is
subjected to a strong initiating source or if heated under confinement; and (6) it is readily capable
of detonation or explosive decomposition or reaction at standard temperature and pressure.
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The basis for this determination has been established by direct personnel observations, the
facility operating record, and the chemical nature of the Portland cement used in the LANL
stabilization process. LANL staff has never observed any ignitable or reactive behavior
associated with the cemented waste from the stabilization process. Facility records also confirm
that no ignitable or reactive behavior was ever observed from the cemented waste. Lastly,
Portland cement by its chemical nature will not react with oxidizers and has no available
hydrogen, oxygen, and carbon molecules to help sustain a reaction. In addition, the stabilization
process produces a solid monolith, which is an absorber of heat, further reducing any potential
for reactive behavior within the cement matrix.

Characterization and stabilization (cementation) treatment of newly generated evaporator bottom
waste at TA-55 is conducted in accordance with the Permit as approved. The waste treated at the
TA-55 Mixed Waste Stabilization Unit is characterized using the procedure outlined in Permit
Attachment C (Waste Analysis Plan), Section C.3.2.4.

Based on the above facts, the Permittees recommend that no further controls be implemented at
this time for the legacy cemented nitrate salt-bearing waste generated since 1991 or the newly
generated cemented nitrate salt-bearing waste. However, it should be noted that the legacy
cemented waste is continuing reevaluation as described above and the Permittees will
communicate the outcomes of the evaluation with the NMED.
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All actions within the schedule have been completed and implementation of the LANL Isolation
Plan is conducted and communicated with NMED in the meetings and written submissions

established in Section IX.

Activity Due Date
Remediated Nitrate Salt-Bearing Waste
Containers
Overpacking (into SWBs) of all nitrate salt- Completed
bearing wastes at LANL 5/18/14

Movement of SWBs to designated areas (e.g.,
Domes 230, 231 and 375)
— (Remediated nitrate salt-bearing drums were
in Dome 230, but have been moved to the
375 Perma-Con®)

Move to Dome 230 completed on 5/1/14.
All remaining moves completed on 6/3/14

Daily/Hourly monitoring of containers

Daily monitoring began on 5/1/14. Hourly
monitoring began on 5/17/14.

Daily visual (rather than hourly) began on
11/30/2015.

Appropriate spacing of SWBs

Completed in Dome 230 on 5/1/14.
Completed in Dome 375 & 231 Perma-Con®s
on 6/3/14

Updating procedures/safety basis documents as
appropriate

Completed on 5/30/14
Procedures are updated as necessary to
incorporate changes.

Labels for SWBs (display inner container label)

Completed 5/18/14

Remediation Team kick off

Completed 5/20/14

Pressure relief device with supplemental
filtration

Scheduled to be complete prior to June 1,
2016.

Unremediated Nitrate Salt-Bearing Containers

Movement of 85 gallon drums to designated
areas (e.g., Domes 230, 231 and 375)

Began in Dome 230 on 5/1/14. All remaining
moves completed on 6/3/14.

Daily/Hourly monitoring of containers

Daily/Hourly; began on 5/20/14
Daily/Hourly monitoring of containers was
discontinued after the approval of Isolation
Plan Revision 3 on 04/27/2015.

Appropriate spacing of containers

Completed in Dome 230 on 5/1/14.
Completed in Domes 375 and 231 Perma-
Con®s on 6/3/14

Updating procedures/safety basis documents for | Completed 5/30/14
immediate implementation actions as
appropriate

Remediation Team kick off Completed 5/20/14
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IX. Updates/Submissions

The Permittees shall provide updates to NMED during the monthly pre-scheduled technical calls.
The Permittees shall also provide updates to NMED in the form of a monthly written
submissions that will be sent to NMED via electronic mail (email) by close of business (COB)
on the 3™ Wednesday of each month until NMED indicates otherwise. For purposes of this Plan,
daily refers to business days, and excludes state and federal holidays.

All submissions related to of the May 19, 2014, Administrative Order; the July 10, 2014, April
27, 2015, May 8, 2015, and August 12, 2015 letters from NMED regarding Modification to May
19, 2014, Administrative Order shall be placed in both the electronic and hard-copy Information
Repositories within five (5) working days of submission to NMED.

All procedures and plans attached to this Revised Isolation Plan may be revised by the
Permittees as required. Revisions will be submitted to NMED and placed in Information
Repositories as required in this Section IX.

All submissions required by NMED’s Order (and modifications to that Order) will be sent to the
following addresses:

Bureau Chief

Hazardous Waste Bureau

2905 Rodeo Park Drive East, Building 1
Santa Fe, New Mexico 87508-6303

Division Director

Resource Protection Division

Harold Runnels Building

1190 Saint Francis Drive, PO Box 5469
Santa Fe, New Mexico 87502-5469
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EP-AREAG-RM-AOP-1299, R.1

375 Permacon Nitrate-Salt Waste
Container Abnormal Conditions

Effective Date: October 8, 2015

The Responsible Manager has determined that the following organizations’ review is required for initial procedure
release as well as subsequent major revisions. Review documentation is contained in the Document History File:

Engineering

Environmental Compliance Programs
DSESH-EWMO Manager
Deployed IH&S Professional
Operations Managers

Quality Assurance

Radiation Protection

Safety Basis

Shift Operations Managers
TA-54 Operations Center SME
Emergency Management

Responsible Manager, EWMO Facility Operations Director

Les Sonnenberg / 290408 / /sl Les Sonnenberg / 10/07/15
Name (print) Z# Signature Date

Classification Review: [ ] N/A  [X] Unclassified [ ] UCNI [] Classified

Teri Tingey / 200975 [ Is/ Teri Tingey / 10/07/15
Name (print) Z# Signature Date

Working Copy / Information Only (circle one)
Initials / Date: /
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1.0 INTRODUCTION
1.1 Purpose

This Abnormal Operating Procedure (AOP) identifies conditions that may be indicative of
problems with a nitrate salt waste container and describes the actions to take in response to these
conditions, including initiating EP-DIV-RM-ERP-20200, EWMO Area Emergency Response. This
document meets the requirements of the LANL Nitrate Salt-Bearing Waste Container Isolation Plan
and the LANL Hazardous Waste Facility Permit with the New Mexico Environmental Department.

1.2 Scope

This AOP addresses the initial actions to identify potential problems with nitrate salt waste containers,
initiate emergency response as required, make notifications not addressed within EP-DIV-RM-ERP-
20200, and allow for further data collection to support both abnormal and emergency conditions.

This AOP does not address the characterization of field conditions or recovery activities.

2.0 ENTRY CONDITIONS

2.1 CAM Alarm

A CAM alarm activates within Dome 375.

2.2 Container Integrity

A nitrate salt waste container exhibits any of the following conditions:

. Loss of container integrity, such as evidence of leakage or compromised lid.
. Bulging such as expansion of side walls or top.

. Blistering paint on a container.

2.3 Container Temperature

A nitrate salt waste container temperature that is:
. Greater than 10°F higher than the ambient temperature.
. Greater than 90°F OR the PermaCon ambient temperature is greater than 90°F.

24 Conditions Requiring Emergency Response

A nitrate salt waste container exhibiting the following conditions requires an Emergency Response:
. Chemical reaction, such as smoke, fire, or release of internal contents to atmosphere.
. Container temperature that is greater than 15°F higher than the ambient temperature.
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3.0

3.1

WORK STEPS

Immediate Response Actions

\/

Time/Date

#

ACTIONS

Operations Center

IF Emergency Response is required due to a reported chemical
reaction, such as smoke, fire, or release of internal contents to
atmosphere, or a container temperature greater than 15°F above
ambient,

THEN:

[A] ENSURE LAFD is notified via 911 and Emergency Operations
Support Center (EOSC) at 667-6211 of a potential issue with a
nitrate-salt waste container.

[B] EXIT this procedure and GO TO EP-DIV-RM-ERP-20200,
EWMO Area Emergency Response.

NOTIFY the Shift Operations Manager at 505-231-8289.

IF CAM alarm is reported,
THEN:

[A] CONTACT Radiation Protection to determine whether alarm is
a true CAM alarm.

[B] IF Radiation Protection determines it is not a true CAM alarm,
THEN DOCUMENT determination in the
Narrative/Comments section and EXIT this procedure.

OBTAIN incident information from the Dome 375 personnel that
made the initial notification and document the date/time of the request
and the name of the person contacted in the Narrative/Comments
section.

ENSURE personnel have completed the applicable response (i.e.,
Notification, Off-Normal, Emergency) in accordance with
EP-DIV-BEP-20048, EWMO Division Building Emergency Plan, and
DOCUMENT date/time of completion in the Narrative/Comments
section.

NOTIFY personnel of incident status (e.g., Public address, 2-way
radio, E-Pagers, cell phones, and/or face to face) and DOCUMENT
the date/time of the notification in the Narrative/Comments section.
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3.2 Subsequent Actions
\ Time/Date # ACTIONS

NOTE 1 This subsection is executed at the request of the Shift Operations Manager/Designee or
Facility Lead to gather additional information that may assist in appropriately responding
to the issue in the field. Steps in this section may be performed out of sequence.

NOTE 2 The Facility Lead position is defined in EP-DIV-BEP-20048, EWMO Division Building
Emergency Plan (BEP).

Shift Operations Manager/Designee or Facility Lead

1 NOTIFY the Deployed Services Environmental Safety Health
(DSESH) Manager and Engineering Manager within 2 hours of the
event to assist the Shift Operations Manager and DOCUMENT the
date/time of the notification and the name of the person contacted in
the Narrative/Comments section.

NOTE When the Operations Manager is not physically present and/or on shift, the SOM will
conduct the minimum notifications up the chain of command.

2 NOTIFY the Operations Manager of the event, and REQUEST the
Operations Manager to contact the Facilities Operations Director
(FOD), Associate Director of Nuclear and High Hazard Operations
(ADNHHO), and Associate Directorate of Environmental Programs
(ADEP).

3 OBTAIN additional information (e.g., container numbers and
location, site description and extent of situation, current weather
conditions, etc.) that may assist in determining the source of the
concern and planning of further investigation and corrective action
efforts.

4 PROVIDE the Completed By information and SIGN.
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4.0 POST-PERFORMANCE ACTIVITIES
\ Time/Date # ACTIONS

Shift Operations Manager/Designee

1 ATTACH any notes or other documentation generated during the
performance of this document to the Narrative/Comments page (e.g.,
photo of the white board).
2 PROCESS the procedure as a quality record in accordance with
EP-AP-10003, Records Management.
Narrative/Comments:
Completed By:
/ / /

Printed Name

Signature Z# Date/Time
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REVISION HISTORY

Document No./Revision No.

Issue Date

Action

Description

EP-AREAG-FO-DOP-1246, R.0

May 29, 2014

New Procedure

Generated to incorporate EP-AREAG-SO-
1237, TA-54 Area G Temperature Readings
of Remediated Nitrate Salt Containers, EP-
AREAG-S0-1244, TA-54 Area G Nitrate
Waste Container Inspection. A Job hazard
analysis was developed and controls
incorporated into the procedure through
precautions, limitations, warnings, cautions
and notes.

EP-AREAG-FO-DOP-1246, R.1

Approved for
Training

Major Revision

Revise procedure to incorporate container
numbers into the procedure, checks, and
actions for HVAC Low D/P and make
editorial corrections as necessary. Section
6, added note to clarify Attachment 2 lists
the container numbers. Correct step 5.[6] to
revise word from smoking to smoke.

Added Step 6.[8] to address container
number discrepancies. This revision does
not introduce any new hazards.

EP-AREAG-FO-DOP-1246, R.2

July 15, 2014

Major Revision

Revise procedure to incorporate ENV-CP
comments and make editorial corrections as
necessary. This revision does not introduce
any new hazards.

EP-AREAG-FO-DOP-1246, R.3

August 1, 2014

Major Revision

Revise procedure to allow for performing
the temperature measurements in TA-54-
231 and TA-54-375 independent of each
other. Allow for multiple infrared
thermometers to be used. Delete control
drum temperature readings throughout.
Revise attachments to include a separate
attachment for recording daily temperatures
in each cell in TA-54-375. Make process
improvement changes. Make editorial
corrections as necessary. This revision does
not introduce any new hazards. This
revision is a total rewrite and revision bars
have been omitted.

EWMO-AREAG-FO-DOP-1246, R.4

September 11, 2014

Major Revision

Revised procedure to change Procedure
number from EP to EWMO. Deleted Step
6.[19] and the associated SOM initials for
the daily review on Attachments 2 through
6. Moved Step 8.1[1] Operator signoff to
the end of Sections 5 and 6. Deleted Step
8.1[1]. Delete SOM initials on attachments
2 through 6. Rev bars is in the left column
display location of changes. No additional
hazards were identified during this revision.
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REVISION HISTORY (continued)

Document No./Revision No.

Issue Date

Action

Description

EWMO-AREAG-FO-DOP-1246, R.5

November 03, 2014

Major Revision

Revise procedure to incorporate the ability
to use remote temperature indication from
thermocouples and to update waste
container numbers. This revision is a total
rewrite and revisions bars have been
omitted. This revision does not introduce
any new hazards.

EWMO-AREAG-FO-DOP-1246, R.5
IPC-1

November 17, 2014

IPC

Revise procedure to change the drums in
SWB LA00000070503 from “68553 and
69445” to “68540 and 68553”. This
revision does not introduce any new
hazards.

EWMO-AREAG-FO-DOP-1246, R.6

March 26, 2015

Major Revision

Revise procedure to implement Specific
Administrative Controls for daily visual
inspection and monthly overpack inspection
provided in AREAG-ESS-14-002-R3. This
revision does not introduce any new
hazards.

EWMO-AREAG-FO-DOP-1246, R.7

November 18, 2015

Major Revision

Incorporate a separate Attachment for
documenting the daily visual inspection
associated with SAC 4. Removed
unremediated nitrate salt inspections at TA-
54-231. Added section for headspace gas
sampling. This revision does not introduce
any new hazards. Revision constitutes a
total rewrite.

EWMO-AREAG-FO-DOP-1246, R.8

November 30, 2015

Major Revision

Revised procedure to change the container
temperature monitoring to once daily.
Added Note that allows WR-SRS
management to change inspection
frequencies in Section 5 and 6. Remove 2™
Ambient temperature from Section 6. Rev
bars in the left column display changes in
the procedure. No additional hazards were
identified in this revision.
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3.1

PURPOSE

This procedure provides instructions for monitoring remediated nitrate salt (RNS) waste
containers.

SCOPE

Monitoring of RNS waste containers performed within this procedure includes:

Daily visual inspections of waste containers in accordance with New Mexico
Environment Department (NMED) approvals or the LANL Nitrate Salt-Bearing Waste
Container Isolation Plan

Daily visual inspections of waste containers in accordance with AREAG-ESS-14-002
Daily temperature readings of waste containers in accordance with LANL Nitrate Salt-
Bearing Waste Container Isolation Plan

Monthly visual inspections of overpack closure in accordance with AREAG-ESS-14-002
Periodic inspection of the TA-54 East Entrance Road into Area G following significant
precipitation

Periodic evaluation of waste container Headspace Gas Analysis

This procedure applies to Los Alamos National Laboratory (LANL) Waste Disposition (WD)
Division and Environmental and Waste Management Operations (EWMO) personnel who will
be monitoring RNS waste containers.

PRECAUTIONS AND LIMITATIONS

General Task Hazards and Controls

General site hazards and their controls for TA-54 Area G are provided in EWMO-AP-
20253, EWMO General Site Hazards and Controls. Personnel performing activities
associated with this procedure SHALL meet facility access criteria, recognize the
associated site hazards, and uphold the established controls.

The calibrated infrared thermometer is equipped with a laser that can cause eye injury if
the eye is exposed to the beam.

Personnel associated with this procedure SHALL review and understand the
requirements of the Radiological Work Permit (RWP).
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3.1 General Task Hazards and Controls (continued)
In the event of inclement weather or LANL closures, personnel who are not able to report
for a planned shift or are required to leave prior to a shift’s end shall contact the on-call
Shift Operation Manager (SOM) to request guidance. Personnel shall not be placed in a
potentially unsafe situation when trying to meet the inspection requirements of this
procedure.

3.2 Safety Basis

Procedure steps marked with the ($) symbol implement key requirements associated with
the facility’s safety basis. These steps may not be changed without engineering approval
to ensure that the Technical Safety Requirements (TSRs) and other associated
requirements are maintained.

Specific Administrative Controls (SACs) provided in AREAG-ESS-14-002 are
unnumbered. To facilitate field implementation of the associated surveillances, numbers
have been assigned and are provided in the following bullet.

Safety basis requirements incorporated and controlled within this procedure include:

» Standard Waste Boxes (SWBs) and Pipe Overpack Containers (POCs) containing
RNS waste SHALL remain closed. (ESS-14-002, SAC 3)

*  SWBs and POCs (outer drum) containing RNS waste SHALL be visually inspected
daily for signs of degradation. (ESS-14-002, SAC 4)
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4. PREREQUISITE ACTIONS

NOTE The listed prerequisite actions may be completed in any order.

41 Planning and Coordination

Person in Charge (PIC)
[1] ENSURE that the performance of this procedure has been scheduled on the TA-54
Area G schedule.

[2] ENSURE that the procedure is the latest revision, and IDENTIFY this document as
Working Copy or Information Only on the Title Page.

[3] ENSURE that, as a minimum, the following trained and/or qualified personnel are
available for the performance of this procedure, as required:
. Two Nitrate Drum Observers (Sections 5 through 8)
. One Radiological Control Technician (RCT) (when performing operations within
the TA-54-0375 PermaCon)

[4] ENSURE that a pre-job briefing is conducted for all personnel involved in the performance
of this procedure in accordance with EP-DIV-AP-0112, EWMO Pre-Job Briefings.

[5] IF performing Section 6, Temperature Readings of RNS Waste Containers,
THEN ENSURE that EWMO-AREAG-WO-DOP-1249, TA-54 Area G Dome 0375
PermaCon Nitrate Salt Storage Round Sheet, has been completed within the last day.

[6] IF a precipitation event occurred since the last performance of this procedure,
THEN CONTACT the TA-54 Operations Center or the on-call SOM to determine if
Section 8, TA-54 Area G East Entrance/Road into Area G Monitoring, needs to be
performed.
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4.2 Materials and Equipment

Nitrate Drum Observers
[1] IF performing Section 6,

AND an calibrated infrared thermometer is to be used to obtain the waste container

temperatures,
THEN:

[A] ENSURE that a calibrated infrared thermometer within the calibration due date is

available.

[B] RECORD the following infrared calibration information on the attachments
(Attachments 2 through 5) that correspond to the monitoring locations:

. Brand name
. Model number

. Calibration due date

. File number
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5. INSTRUCTIONS—VISUAL INSPECTIONS OF RNS WASTE CONTAINERS

This section is a stand-alone section and may be performed independently of, or in conjunction
with, other Instructions sections.

This section can be performed to meet either of the following requirements:

. Daily visual inspection in accordance with NMED approvals or the LANL Nitrate Salt-
Bearing Waste Container Isolation Plan, which is documented on Attachment 1, TA-54-
0375 Daily TSR Visual Inspection of RNS Waste Containers Data Sheet

. Daily surveillance requirement in accordance with AREAG-ESS-14-002, SAC 4, which
is documented on Attachment 1, TA-54-0375 Daily TSR Visual Inspection of RNS
Waste Containers Data Sheet.

NOTE 1 Visual inspection must be performed at least once daily.
NOTE 2  Surveillance inspection must be performed at least once DAILY within 24 hours.

NOTE 3 Visual and surveillance frequency may be increased at the discretion of the WD-
SRS management.

Nitrate Drum Observers
[1] DETERMINE which activity is to be completed:
. Daily visual inspection using Attachment 1
. Daily surveillance requirement using Attachment 1

[2] ENSURE that the prerequisite actions have been completed.

NOTE Visual inspections are conducted from outside of the TA-54-0375 PermaCon through
the windows.

[3] [IF assuming RNS waste container observation duties,
THEN DOCUMENT the following in the Comments section of Attachment 1:
. Time and assumption of duties
. Signature and Z number

[4] RECORD the date information and time of the inspection on Attachment 1.
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5. INSTRUCTIONS—VISUAL INSPECTIONS OF RNS WASTE CONTAINERS (continued)

[5] DETERMINE whether the following PermaCon HVAC system components are
operational, and CHECK (\) YES or NO on Attachment 1.

TA-54-0375

* FE-001, VFD-001 is ON and set to HAND, 30 to 60 Hz

* FE-002, VFD-002 is ON and set to HAND, 30 to 60 Hz

* PDA-001, PDA-002, and PDA-003 alarm light are not illuminated (panel outside cell)

[6] IF NO was checked (V) in the previous step,
THEN GO TO EP-AREAG-RM-ARP-1150, 375 PermaCon Low Cell D/P Alarm.

[71 ($) VISUALLY INSPECT SWBs and POCs (outer drum) containing RNS waste for
signs of degradation, indications of an abnormal condition including an internal reaction
(e.g., chemical/thermal), and/or loss of container integrity, including:
. Evidence of deterioration such as signs of discoloration, paint peeling or yellowing
. Loss of container integrity such as evidence of leakage, or lid compromised
. Bulging such as pressurized, expansion of side walls, or round bottom
. Chemical reaction such as smoke or release of internal contents to atmosphere
. Signs of smoke and fire from a container
and CHECK (V) SAT or UNSAT on Attachment 1 for RNS waste containers at the
storage location. (ESS-14-002, SAC 4)

[8] IF evidence of a chemical reaction such as smoke, fire, or release of internal contents to
the atmosphere are discovered,
THEN PERFORM an emergency response in accordance with EP-DIV-BEP-20048,
EWMO Division Building Emergency Plan (BEP).

[9] IF evidence of deterioration is discovered, such as signs of discoloration, paint peeling or
yellowing, loss of container integrity such as evidence of leakage or a compromised lid,
bulging, pressurization (expansion of side walls, or round bottom) are discovered,

THEN PERFORM an off-normal response in accordance with EP-DIV-BEP-20048.

[10] RECORD initials and Z number on Attachment 1.

[11] PROVIDE a description of any unsatisfactory conditions, notifications, and corrective
actions in the Comments section of Attachment 1.
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5. INSTRUCTIONS—VISUAL INSPECTIONS OF RNS WASTE CONTAINERS (continued)

[12] IF turning over RNS waste container observation duties,
THEN DOCUMENT the following in the Comments section of Attachment 1:
. Time and turnover of duties
. Printed name of relief
. Signature

[13] PRINT name, SIGN, and RECORD Z#, initials, and date on Attachment 1.
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6. INSTRUCTIONS—TEMPERATURE READINGS OF RNS WASTE CONTAINERS

This section is a stand-alone section and may be performed independently of, or in conjunction
with, other Instructions sections.

This section provides the instructions for performing temperature readings.

Temperature measurements must be performed at least once daily per LANL Nitrate Salt-
Bearing Waste Container Isolation Plan. Temperature measurement frequency of one or more
RNS containers may be increased at the discretion of WD-SRS management and documented
on Attachment 5, TA-54 Area G RNS Waste Container Temperature Data Sheet

NOTE 1 Daily waste container temperature measurements are obtained by entering the TA-
54-0375 PermaCon and individually measuring and recording the waste container
temperatures.

NOTE 2  Separate attachments are provided to allow for recording daily waste container
temperatures independently as listed below:
»  Attachment 2, TA-54-0375 Cell 1 RNS Waste Container Daily Temperature

Data Sheet

»  Attachment 3, TA-54-0375 Cell 2 RNS Waste Container Daily Temperature
Data Sheet

*  Attachment 4, TA-54-0375 Cell 3 RNS Waste Container Daily Temperature
Data Sheet

Nitrate Drum Observers
[1] ENSURE that all prerequisite actions have been completed.

[2] IF at any time during the performance of this section a chemical reaction such as smoke,
fire, or release of internal contents to the atmosphere is discovered,
THEN PERFORM an emergency response in accordance with EP-DIV-BEP-20048.
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6. INSTRUCTIONS—TEMPERATURE READINGS OF RNS WASTE CONTAINERS

(continued)

[3] IF atany time during the performance of this section evidence of deterioration is
discovered, such as signs of discoloration, paint peeling or yellowing, loss of container
integrity such as evidence of leakage or a compromised lid, bulging, pressurization
(expansion of side walls, or round bottom) are discovered,

THEN PERFORM an off-normal response in accordance with EP-DIV-BEP-20048.

[4] RECORD the date range and start time on the attachment (Attachment 2 through 5) that
corresponds to the monitoring location.

[5] DETERMINE the ambient temperature (e.g., the wall of the contamination control
enclosure or designated location using an calibrated infrared thermometer or the
AMBIENT temperature indication on the TA-54-0375 PermaCon Control Room
computer), and RECORD the ambient temperature (in °F) on the applicable attachment.
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6. INSTRUCTIONS—TEMPERATURE READINGS OF RNS WASTE CONTAINERS

(continued)

NOTE 1 SWBs that were not packaged for Waste Isolation Pilot Plant (WIPP) shipment

NOTE 2

(without a LASBxxxxx number) identify the location of the RNS waste container
inside by the location of the container label on the outside of the SWB.

the location of the RNS waste container identified on the outside of the SWB.

NOTE 3 The RNS waste container in a POC is a 12" diameter pipe component that runs

vertically down the center of the overpack.

NOTE 4 The temperature indications for each waste container with an input to the

[6]

[7]

(8]

TA-54-0375 PermaCon Control Room computer are labeled with the waste
container number except for the ambient temperature thermocouple which is
labeled AMBIENT.

IF the RNS waste container location within the overpack (i.e., POC or SWB) is known,

THEN OBTAIN the RNS waste container temperature using one or both of the

following methods, and RECORD the container number (Attachment 5 only) and the

temperature on the applicable attachment:

. MEASURE the temperature (in °F) on the top approximate center of each RNS
waste container, through the overpack lid, using an calibrated infrared thermometer

. READ the overpack temperature (°F) indication on the TA-54-0375 PermaCon
Control Room computer

IF the RNS waste container location within the overpack is NOT known,

THEN MEASURE the temperature (in °F) on the top approximate center of each drum
in the overpack, through the overpack lid, using an calibrated infrared thermometer, and
RECORD the container number (Attachment 5 only) and the highest temperature
measurement on the applicable attachment.

IF a container’s temperature is greater than 15°F above the ambient temperature,
THEN:

[A] EXIT the PermaCon.

[B] PERFORM an emergency response in accordance with EP-DIV-BEP-20048.

SWBs that were packaged for WIPP shipment (with a LASBxxxxx humber) do not have
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6. INSTRUCTIONS—TEMPERATURE READINGS OF RNS WASTE CONTAINERS

(continued)

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

IF a container’s temperature is greater than 10°F above the ambient temperature,
THEN:

[A] EXIT the PermaCon.
[B] PERFORM an off-normal response in accordance with EP-DIV-BEP-20048.

IF a discrepancy with a container number pre-populated on the attachment is discovered,
THEN:

[A] SUSPEND operations.
[B] REQUEST applicable actions from the TA-54 Operations Center or SOM.

REPEAT Steps 6.[7] through 6.[10] for the current cell until all of the RNS waste
container temperatures have been recorded.

RECORD the end time and INITIAL on the applicable attachment.

RECORD “N/A” (not applicable) for temperature readings that were not recorded and
DOCUMENT an explanation in the Comments section of the applicable attachment.

PROVIDE a description of any unsatisfactory conditions, notifications, and corrective
actions in the Comments section of the attachment (Attachment 2 through 5) that
corresponds to the monitoring location.

REPEAT Steps 6.[1] through 6.[14] for remaining RNS waste container locations.

PRINT name, SIGN, and RECORD Z#, initials, and date on the applicable attachments
(Attachments 2 through 5).
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7. INSTRUCTIONS—OVERPACK INSPECTION OF RNS WASTE CONTAINERS

This section is a stand-alone section and may be performed independently of, or in conjunction
with, other Instructions sections.

This section provides instructions for performing monthly inspections of the closure of the outer
container containing RNS waste in accordance with AREAG-ESS-14-002, SAC 3.

Nitrate Drum Observers

[1]

(2]

ENSURE that all prerequisite actions have been completed.

RECORD the date and time for beginning the RNS waste container overpack inspection
on Attachment 6, TA-54-0375 Monthly TSR Overpack Inspection of RNS Waste
Containers Data Sheet.

NOTE Visual inspections at TA-54-0375 are conducted from outside of the PermaCon

(3]

[4]

[5]

through the windows.

(%) VISUALLY INSPECT the outer container containing RNS waste to verify that the
containers are closed (i.e., lid is in place and secured), and CHECK (V) SAT or UNSAT
on Attachment 6 for the waste containers within each cell at TA-54-0375.

(ESS-14-002, SAC 3)

IF UNSAT is checked for the inspection location,
THEN PERFORM an off-normal response in accordance with EP-DIV-BEP-20048.

PRINT name, SIGN, and RECORD Z#, initials, and date on the Attachment 6.
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8. INSTRUCTIONS—TA-54 AREA G EAST ENTRANCE/ROAD INTO AREA G

MONITORING

This section is a stand-alone section and may be performed independently of, or in conjunction
with, other Instructions sections.

This section is performed in response to significant precipitation (rain fall greater than 0.25

inches within 30 minutes or greater than a 0.5 inches in 24 hours of rain fall) that may cause
damage or road deterioration of east entrance/road into TA-54 Area G. Weather information
may be obtained from TA-54 Meteorological Station or National Oceanic and Atmospheric

Administration (NOAA).

Shift Operations Manager or Designee

[1]

(2]

3]

[4]

DETERMINE if a significant precipitation event has occurred that may have caused
damage or road deterioration to the east entrance/road into TA-54 Area G.

VISUALLY INSPECT the TA-54 Area G East entrance/road for deterioration
(e.g., washout).

IF deterioration is observed and the TA-54 Area G East entrance/road is impassable,
THEN:

[A] NOTIFY Emergency Management and Response (EM&R) that the road is
impassable.

[B] NOTIFY Maintenance and Site Services to repair the deteriorated section of the
road.

WHEN the road repairs are complete,
THEN:

[A] VISUALLY INSPECT that the road is repaired and passable.

[B] NOTIFY EM&R that the TA-54 Area G East entrance/road is passable.

[C] NOTIFY Deployed Environmental Professional of road condition and repair
activities for storm water tracking purposes.
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9. INSTRUCTIONS—EVALUATION OF HEADSPACE GAS ANALYSIS OF RNS

WASTE CONTAINERS

This section is a stand-alone section and may be performed independently of other Instructions
sections.

NOTE 1

NOTE 2

NOTE 3

NOTE 4

The prerequisite actions do not apply to performance of this section.

Headspace gas sampling is performed by Central Characterization Project
personnel and analysis is performed by Chemistry Division personnel in accordance
with their procedures.

Minimum headspace gas sampling frequencies are defined in the LANL Nitrate Salt-
Bearing Waste Container Isolation Plan.

Evaluation of the headspace gas analysis results is performed using a combination
of data review, graphical analysis, and statistical analysis. Departure of a
headspace gas concentration from expected trends considers the storage
temperature and previous concentrations and is primarily indicated by a headspace
gas analysis result that is beyond three standard deviations from the mean of a set
of previous concentrations.

Waste Process Engineering Representative
EVALUATE the headspace gas analysis results.

[1]

[2]

(3]

IF a container’s headspace gas hydrogen concentration is greater than or equal to 20,000
ppm hydrogen,
THEN ENSURE that daily headspace gas sampling and analysis have been initiated for
that container.

IF a container’s headspace gas concentration for any gas indicates a departure from
expected trends,
THEN:

[A]

[B]

DETERMINE if the departure indicates an adverse condition (i.e., increasing
chemical reactivity and a potentially increased hazard).

DETERMINE if a resample or change in sampling frequency of the container is
warranted and INITIATE the resample or change accordingly.
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9. INSTRUCTIONS—EVALUATION OF HEADSPACE GAS ANALYSIS OF RNS

WASTE CONTAINERS (continued)

[4] IF acontainer’s headspace gas hydrogen concentration is greater than or equal to 30,000
ppm hydrogen or a departure from expected trends indicates an adverse condition,
THEN NOTIFY the Operations Center or SOM to enter EP-AREAG-RM-AOP-1299.

[5] On a monthly basis, COMPILE the previous month’s headspace gas analysis results and
SUBMIT them to Records Management in accordance with EP-AP-10003.
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10. POST-PERFORMANCE ACTIVITY

10.1 Disposition

SOM or designee
[1] REVIEW the applicable attachments (Attachments 1 through 6) for accuracy and

completeness.
[2] PRINT name, SIGN, and RECORD Z#, initials, and date on the applicable attachments.

NOTE Completing a Post-Job Review may be accomplished using the applicable P300
form or online (the preferred method since the institution has access to feedback
and lessons learned http://int.lanl.gov/safety/iwmc/ [Click on the Submit IWD Part
4 Post-Job Review]).

[3] IF any of the following occur:

. A new activity was completed for the first time

. A request was made by anyone involved with the performance of this procedure to
perform a post-job review

. An abnormal event occurred

. A revision to an existing procedure was issued and it has been determined by the
procedure owner or designee that a Post-Job Review is required,

THEN PERFORM a Post-Job Review in accordance with P300.

[4] IF the Post-Job Review identified any necessary changes to this procedure,
THEN INITIATE a revision to this procedure.
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10.2 Records Processing

Nitrate Drum Observers
[1] ENSURE that documents generated by the performance of this procedure are processed

as follows:
Record Identification Recorq Ty_pe Protection/Storage Processing Instructions
Determination Methods
Attachment 1, TA-54-0375 QA Record Supervision SHALL When the records are ready

Daily TSR Visual Inspection
of RNS Waste Containers
Data Sheet

Attachment 2, TA-54-0375
Cell 1 RNS Waste Container
Daily Temperature Data
Sheet

Attachment 3, TA-54-0375
Cell 2 RNS Waste Container
Daily Temperature Data
Sheet

Attachment 4, TA-54-0375
Cell 3 RNS Waste Container
Daily Temperature Data
Sheet

Attachment 5, TA-54 Area G
RNS Waste Container
Temperature Data Sheet

Attachment 6, TA-54-0375
Monthly TSR Overpack
Inspection of RNS Waste
Containers Data Sheet

implement a reasonable
level of protection to
prevent loss and
degradation. Records
should be maintained in a
one-hour fire rated metal
file cabinet when not in use.

for final disposition, the
record is transferred to
Records Management in
accordance with
EP-AP-10003, Records
Management.
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11. REFERENCES

AREAG-ESS-14-002, Transuranic (TRU) Waste Drums Containing Treated Nitrate Salts May
Challenge the Safety Basis

EP-AREAG-RM-AOQOP-1299, 375 Permacon Nitrate-Salt Waste Container Abnormal
Conditions

EP-AREAG-RM-ARP-1150, 375 PermaCon Low Cell D/P Alarm
EP-AP-10003, Records Management Procedure For ADEP Employees
EP-DIV-AP-0112, EWMO Pre-Job Briefings

EP-DIV-BEP-20048, EWMO Division Building Emergency Plan (BEP)
EWMO-AP-20253, EWMO General Site Hazards and Controls

EWMO-AREAG-WO-DOP-1249, TA-54 Area G Dome 375 PermaCon Nitrate Salt Storage
Round Sheet

LANL Nitrate Salt-Bearing Waste Container Isolation Plan
P300, Integrated Work Management

P330-6, Nonconformance Reporting
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ATTACHMENT 1
Page 1 of 1

TA-54-0375 DAILY TSR VISUAL
INSPECTION OF RNS WASTE CONTAINERS DATA SHEET

5.[4] Date:
Esl’r?sé:(-:g?)ifﬁg & HVAC Operational ((g)sgl_lls:acl) (:gsr;i:go:) Nitrate Drum Observers
(G.[4]) (5.[5]) .17 Initials and Z# (5.[10])
[]1YES [JNO [1SAT [] UNSAT
Comments:
5.[13] Performed by: / / / /
Nitrate Drum Observers (print) Signature Z# Initials  Date
10.1]2] Reviewed By: / / / /

SOM or designee (print)  Signature Z# Initials  Date
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ATTACHMENT 2

Page 1 of 3

TA-54-0375 CELL 1 RNS WASTE CONTAINER DAILY TEMPERATURE DATA SHEET

6.[4] Date: From to
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4]
Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time:
TA-54-0375 Cell 1
Calibrated infrared Brand: Brand: Brand: Brand: Brand: Brand: Brand:
thermometer Model: Model: Model: Model: Model: Model: Model:
(4.2[1][B]) Cal. Due Date: Cal.DueDate: _ | Cal.DueDate: _ | Cal.DueDate: _ | Cal.DueDate: _ | Cal. DueDate: __ | Cal. DueDate: __
File Number File Number File Number File Number File Number File Number File Number
Ambient Temperature oF oF oF oF oF oF oF
(6.[51)
Container 1D # Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F)
(6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71)
68685
68540
LA00000070503 | 68553
69445
69618
69013
LASB50522
LASB50452
LASB50431
LASB50069
LASB50073
69636
69616

69417
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ATTACHMENT 2
Page 2 of 3
6.[4] Date: From to
Container Monday Tuesday Wednesday Thursday Friday Saturday Sunday
ID # Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F)
(6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[71) (6.[61/6.[7]) (6.[61/6.[71)
TA-54-0375 Cell 1 (continued)
69620
69520
69641
69298
LASB02203
End Time
(6.[12))
6.[12] | NDO: NDO: NDO: NDO: NDO: NDO: NDO:
NDO: NDO: NDO: NDO: NDO: NDO: NDO:

Comments:
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ATTACHMENT 2
Page 3 of 3
6.[4] Date: From to
6.[16] Performed by:
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
10.1[2] Reviewed by:
/ / / /

SOM or designee (print) Signature Z# Initials  Date
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ATTACHMENT 3
Page 1 of 3

TA-54-0375 CELL 2 RNS WASTE CONTAINER DAILY TEMPERATURE DATA SHEET

6.[4] Date: From to

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4]
Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time:

TA-54-0375 Cell 2

Calibrated infrared Brand: Brand: Brand: Brand: Brand: Brand: Brand:
thermometer Model: Model: Model: Model: Model: Model: Model:
(4.2[1][B]) Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date:
File Number File Number File Number File Number File Number File Number File Number

Ambient Temperature

OF OF OF OF OF OF OF
(6.15])

Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F)

Container ID # (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[6]/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[6]/6.[7])

LASB02198

68638

69615

69635

69642

69630

69633

68430

68631

69634

68567

94227

LASB50442

69644

LASB50443

69638




Document No.: EWMO-AREAG-FO-DOP-1246

Remediated Nitrate Salt Waste Container Monitoring Revision: 8
Effective Date:  11-30-2015
UET Page: 29 of 37
ATTACHMENT 3
Page 2 of 3
6.[4] Date: From to
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Container ID # Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F)
(6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71) (6.[61/6.[71)

TA-54-0375 Cell 2 (continued)

68624

68507

69568

69553

69598

LASB50559

69015

69639

69637
End Time (6.[12])

6.[12] | NDO: NDO: NDO: NDO: NDO: NDO: NDO:
NDO: NDO: NDO: NDO: NDO: NDO: NDO:

Comments:




Document No.: EWMO-AREAG-FO-DOP-1246

Remediated Nitrate Salt Waste Container Monitoring Revision: 8
Effective Date:  11-30-2015
UET Page: 30 of 37
ATTACHMENT 3
Page 3 of 3
6.[4] Date: From to
6.[16] Performed by:
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
10.1[2] Reviewed by:
/ / / /

SOM or designee (print) Signature Z# Initials  Date



Document No.:

EWMO-AREAG-FO-DOP-1246

Remediated Nitrate Salt Waste Container Monitoring Revision: 8
Effective Date:  11-30-2015
UET Page: 31 of 37
ATTACHMENT 4
Page 1 of 3
TA-54-0375 CELL 3 RNS WASTE CONTAINER DAILY TEMPERATURE DATA SHEET
6.[4] Date: From to
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4]
Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time:
TA-54-0375 Cell 3
Calibrated Brand: Brand: Brand: Brand: Brand: Brand: Brand:
infrared Model: Model: Model: Model: Model: Model: Model:
thermometer | Cal. Due Date: Cal. Due Date: Cal. Due Date: __ Cal. Due Date: Cal. Due Date: __ Cal. Due Date: Cal. Due Date:
(4.2.[1][B]) File Number File Number File Number File Number File Number File Number File Number
Ambient
Temperature °F °F °F °F °F °F °F
(6.05D)
Container ID Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F)
# (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[71) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7])

69519

69645

94068

93605

69548

69604
LASB50529
LASB50418

69036
LASB50451

69559
LASB50448

87827




Document No.:

EWMO-AREAG-FO-DOP-1246

Remediated Nitrate Salt Waste Container Monitoring Revision: 8
Effective Date:  11-30-2015
UET Page: 32 of 37
ATTACHMENT 4
Page 2 of 3
6.[4] Date: From to
Container | Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F)
ID # (6.[61/6.[71) (6.161/6.[71) (6.[61/6.[71) (6.[61/6.[71) (6.161/6.[7]) (6.161/6.[71) (6.[61/6.[71)
TA-54-0375 Cell 3 (continued)
87826
87823
87825
End Time
(6.[12])
6.[12] | NDO: NDO: NDO: NDO: NDO: NDO: NDO:
NDO: NDO: NDO: NDO: NDO: NDO: NDO:

Comments:




Remediated Nitrate Salt Waste Container Monitoring

Document No.:

Revision:

Effective Date:

11-30-2015

EWMO-AREAG-FO-DOP-1246

UET Page:
ATTACHMENT 4
Page 3 of 3
| 6.[4] Date: From to
6.[16] Performed by:
/ / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / : _/_ [
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / : _/_ [
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / : _/_ L
Nitrate Drum Observer (print) Signature 7# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / : _/_ [
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / : ] [
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / : _/_ [
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials  Date
10.1[2] Reviewed by:
/ /
SOM or designee (print) Signature Z# Initials  Date



Document No.:

EWMO-AREAG-FO-DOP-1246

Remediated Nitrate Salt Waste Container Monitoring Revision: 8
Effective Date:  11-30-2015
UET Page: 34 of 37
ATTACHMENT 5
Page 1 of 3
TA-54 AREA G RNS WASTE CONTAINER TEMPERATURE DATA SHEET
6.[4] Date: From to Location:
Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time: Start Time:
6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4] 6.[4]
Calibrated Brand: Brand: Brand: Brand: Brand: Brand: Brand: Brand: Brand: Brand: Brand: Brand: Brand: Brand:
infrared
thermometer | Model: Model: Model: Model: Model: Model: Model: Model: Model: Model: Model: Model: Model: Model:
(4.21](B]) Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date: Cal. Due Date:
File Number File Number File Number File Number File Number File Number File Number File Number File Number File Number File Number File Number File Number File Number
Ambient
Temperature °F °F oF oF °F oF °F oF °F = °F °F oF oF
(6.[5])
Container Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F)
ID # (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7]) (6.[61/6.[7])

(6.[6]/6.[7])




Document No.:

EWMO-AREAG-FO-DOP-1246

Remediated Nitrate Salt Waste Container Monitoring Revision: 8
Effective Date:  11-30-2015
UET Page: 35 of 37
| ATTACHMENT 5
Page 2 of 3
| 6.[4] Date: From to Location:
Container ID Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F) Temp (°F)
" [6]176 ) (6.[61/6.[71) (6.[61/6.[71) | (6.[61/6.[7) | (6.[61/6.[7) | (6.[6)/6.[7) | (6.[6)/6.[7]) | (6.[6)/6.[7]) | (6.[61/6.[7]) | (6.[61/6.[7]) | (6.[61/6.[7]) | (6.[6]1/6.[7]) | (6.[61/6.[7]) | (6.[6/6.[7]) | (6.[6]/6.[7])
End Time
(6.[12])
6.[12] | NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO:
NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO: NDO:




Document No.: EWMO-AREAG-FO-DOP-1246

Remediated Nitrate Salt Waste Container Monitoring Revision: 8
Effective Date:  11-30-2015
UET Page: 36 of 37
| ATTACHMENT 5
Page 3 of 3
| 6.[4] Date: From to Location:
Comments:
6.[16] Performed by:
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials ~ Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials ~ Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature 74 Initials _Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature 74 Initials _ Date Nitrate Drum Observer (print) Signature Z# Initials  Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials ~ Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials ~ Date
/ / / / / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date Nitrate Drum Observer (print) Signature Z# Initials ~ Date
10.1[2] Reviewed by:
/ / / /

SOM or designee (print) Signature Z# Initials Date



Document No.: EWMO-AREAG-FO-DOP-1246

Remediated Nitrate Salt Waste Revision: 8
Container Monitoring Effective Date:  11-30-2015
UET Page: 37 of 37
ATTACHMENT 6
Page 1 of 1

TA-54-0375 MONTHLY TSR OVERPACK
INSPECTION OF RNS WASTE DATA SHEET

7.[2] Date and time:
($) Overpack Closure Visual
RNS Waste Container Inspection
Storage Area (7.[3D)
(ESS-14-002, SAC 3)
TA-54-0375 Cell 1 [ SAT [] UNSAT
TA-54-0375 Cell 2 [ SAT [J UNSAT
TA-54-0375 Cell 3 [ ] SAT [] UNSAT
Comments:
| 7.5] Performed by: / / / /
Nitrate Drum Observer (print) Signature Z# Initials  Date
10.1[2] Reviewed By: / / / /

SOM or designee (print)  Signature Z# Initials  Date
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Attachment 10



STANDING ORDER

1. Standing Order Number: EWMO-AREAG-S0O-1247,R.2

2.  Standing Order Type: (check one) [] Division X Facility
3.  Applicable Facilities: TA-54 Area G
4.  Standing Order Title: TA-54 Area G Domes TA-54-231 and TA-54-375 PermaCon Access

Restrictions

5.  Distribution List: (By Functional Title): TA-54 Timely Order Book and Environmental Programs
(EP) Document Control

6. Approval:
Gail Welsh /sl Gail Welsh [ 10/15/14
Print name Signature Date
(Approval Authority for division-level standing orders is the FOD, for facility-level, the OM or designee.)
Standing Order Effective Date: 10/15/14
Convert this Standing Order to a procedure? [ ] Yes, by X No

Date

7.  Purpose:

This standing order restricts access to the PermaCons in Domes TA-54-231 and TA-54-375 to
prevent workers from coming into unnecessary contact with the waste containers and establishes
restrictions for the entry into the TA-54-375 PermaCon [e.g., personal protective equipment (PPE)
and waste container temperature].

Background: Monitoring requirements of LA-UR-14-23820, LANL Nitrate Salt-Bearing Waste
Container Isolation Plan, (i.e., Isolation Plan) is accomplished by the performance of
EWMO-AREAG-FO-DOP-1246, Nitrate Salt-Bearing TRU Waste Container Monitoring. The
required monitoring performed includes hourly visual inspection and daily temperature measurements
of all waste containers within the TA-54-231 and TA-54-375 PermaCon. Additionally, hourly
temperature measurements are obtained for waste containers within the TA-54-375 PermaCon that
have attached thermocouples, using computer located inside of the TA-54-375 PermaCon Control
Room. Daily head-space gas sampling is performed for containers 68685 and LASB50522.

Biweekly head space gas sampling is also performed for five additional waste containers.

The following personnel are affected by this standing order: EWMO Operations Manager, Shift
Operations Managers, Nuclear Operators, Radiological Control Technicians, and Operations Center
Operators.

8. Actions and Duration:
8.1 Requirement

Shift Operations Manager (SOM) approval is required to access the PermaCons in Domes TA-54-231
and TA-54-375, except for inspections performed in accordance with EWMO-AREAG-FO-DOP-
1246.

The PermaCons in Domes TA-54-231 and TA-54-375 SHALL be posted on the outside of each
access point instructing personnel to obtain SOM approval before entering the PermaCon, unless they
are performing EWMO-AREAG-FO-DOP-1246.

LA-UR-14-28602



Standing Order Number: EWMO-AREAG-S0-1247, R.2

8.1 Requirement (continued)

Additional Dome TA-54-375 PermaCon access requirements:

—  Entry into any cell requires Level | PPE (coveralls, booties, hood, and gloves) and Air
Purifying Respirators with a dual GMC-P100 cartridge, in addition to the applicable
Radiological Work Permit.

—  Before entry the temperature of Standard Waste Box (SWB) 68685 SHALL be verified to be is
less than or equal to 10 °F above ambient using the computer in the TA-54-375 PermaCon
Control Room.

8.2 Action(s) to be taken
8.2.1 TA-54-231 PermaCon Entry

[1] OBTAIN SOM approval for entry except to perform EWMO-AREAG-FO-DOP-1246
inspections.

8.2.2 TA-54-375 PermaCon Entry

[1] OBTAIN SOM approval for entry except to perform EWMO-AREAG-FO-DOP-1246
inspections.

NOTE The following action is performed using the computer located inside of the TA-54-375
PermaCon Control Room and receiving input from SWB 68685 using three
thermocouples (T1 — SWB top, T2 — SWB side, and T3 — ambient).

[2] DETERMINE whether the T1 (SWB top thermocouple) and T2 (SWB side thermocouple)
indicated temperatures are less than or equal to 10 °F above the T3 (ambient thermocouple)
indicated temperature.

[3] IF either the T1 or T2 indicated temperature is greater than 10 °F above than the T3
(ambient) temperature,
THEN STOP activities associated with the entry into the TA-54-375 PermaCon and
NOTIFY the TA-54 Operations Center of the discrepancy.

[4] 1IF boththe T1 and T2 indicated temperatures satisfy either of the following:
. Less than the T3 (ambient temperature
. Less than or equal to 10 °F above the T3 (ambient) temperature,

THEN OBTAIN and DON level | PPE and Air Purifying Respirator with a dual GMC-P100
cartridge for the TA-54-375 PermaCon entry.

8.2.3 EWMO-AREAG-FO-DOP-1246 Inspections

Hourly visual inspections will be conducted from outside of the PermaCon through the windows
into the cells and hourly temperature measurements will be obtained from using the TA-54-375
PermaCon control Room computer. Daily head-space gas sampling will be conducted as required
by the Isolation Plan. Temperature measurements of the exterior of the waste containers and visual
inspection of the waste containers by personnel within the PermaCon will also be performed daily.

EP-DIV-AP-20039, R.1, Attachment 4 Page 2 of 3
LA-UR-14-28602



Standing Order Number: EWMO-AREAG-S0-1247, R.2

8.3 Duration
This standing order will remain in effect until cancelled or superseded.

9.  Unreviewed Safety Question (USQ) Review:

USQ process complete? X Yes [ ] N/A

USQ No. (if applicable): AREAG-14-441-C
If “N/A” is checked, then justify below:

USQ Qualified Evaluator (QEV)
Lawrence Garcia | /sl Lawrence Garcia / 10/14/14

Print name Signature Date

10. Derivative Classifier Review:

This document was reviewed to ensure proper classification and is classified as:
X Unclassified [ ] Unclassified Controlled Nuclear Information (UCNI)
[] Official Use Only (OUO) [ ] Classified
NOTE: If this document is OUO, UCNI, and/or classified, add the appropriate markings, distribution limitation
statement, and guidance data block(s).
Derivative Classifier (DC)
Art Crawford | __Isl Art Crawford [ 10/15/14

Print name Signature Date

11. Standing Order Cancellation:
Choose one of the following: ~ [] USQ complete [ ] N/A

USQ No. (if applicable):

Responsible Manager (FOD for division-level standing orders, OM or designee for facility-level)

Print name Signature Date

(Attach Attachment 2, Timely Order Reviewer Signoff Sheet, to document reviews of this standing order.)

EP-DIV-AP-20039, R.1, Attachment 4 Page 3 of 3
LA-UR-14-28602
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Remediated Nitrate Salt Container Headspace Gas and Temperature
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Remediated Nitrate Salt Container Headspace Gas and Temperature
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Remediated Nitrate Salt Container Headspace Gas and Temperature
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Remediated Nitrate Salt Container Headspace Gas and Temperature
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Remediated Nitrate Salt Container Headspace Gas and Temperature
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Executive Summary

This study supports the case for the use of gas concentration measurements of the
Standard Waste Box (SWB) headspace as an interpretive tool for discerning the type
and rate of gas-generating reactions within the Remediated Nitrate Salt (RNS) waste
drums in storage at Los Alamos National Laboratory (LANL). Model results imply
that the measurements could provide an early warning for the occurrence of heat-
generating chemical and biological reactions in the drums, enabling actions to be
taken before self-heating at low temperatures triggers a runaway exothermic
reaction at higher temperatures. The study conclusions are summarized below.

1. The headspace gas concentrations are consistent with a description consisting of
the combination of a radiolysis mechanism for hydrogen gas generation and low-
level, temperature-dependent chemical reactions such as oxidation for the
generation of other gases such as carbon dioxide and nitrous oxide. Many of the
SWBs have low levels of reaction product gases, whereas a subset exhibit higher
concentrations indicative of somewhat higher levels of reactivity. The ratios of
gases within the drum for the SWBs with the highest gas concentrations
exhibited a similar characteristic signature, but with variability from drum to
drum.

2. A simple mathematical and numerical model of the headspace gas behavior
provides a plausible description of the long-term variations of concentrations of
gases such as carbon dioxide and nitrous oxide in the SWB headspace. The
model balances a gas generation source term from reactions in the RNS drum
with mixing from the outside atmospheric air due to ventilation of the SWB.
Excellent fits to the concentration data for Drum 68685 (a sibling to the drum
that breached in WIPP) were obtained throughout the entire time period since
the RNS drum was placed within the SWB in May of 2014. Figure ES-1 below
shows this result.

Figure ES-1 Simulation results compared to data for carbon dioxide and nitrous
oxide concentrations for Drum 68685.

3. The model results for Drum 68685 suggest a low level of chemical reaction
within the RNS waste drum. Gas generation rates due to reaction are predicted



to be a minute fraction of the ventilation rates into and out of the SWB, and
calculated heat generation rates for a reasonable postulated reaction (oxidation
of Swheat, which appears to have the correct stoichiometry based on the
simultaneous fit to the carbon dioxide and nitrous oxide data) are also very low,
nominally 1 W or less for the drum. If other reactions are occurring, these could
also generate heat, but if they also generate carbon dioxide, this should have
been reflected in the form of higher concentrations. Therefore, the level of
carbon dioxide in the drums appears to provide a bound on the level of reactivity
and heat generation; this bound is very low from a thermal perspective.
Investigations should focus on the potential for reactions not involving the
generation of carbon dioxide to attempt to identify other important reactions
not reflected in the headspace gas data.

The reaction rates exhibit a significant temperature dependence, which explains
the higher concentrations of carbon dioxide and other gases in the SWB
headspace in the summertime compared to the winter. A model reaction
exhibiting an Arrhenius temperature dependence was employed in the model.
Calibrations to the data led to values of 15-20 kcal/mol for the activation energy.
This range is well within the 10-30 kcal/mol range suggested by Clark and Funk
(2015) for such reactions. The low level of reactivity also implies that at these
rates, reactants will not be depleted for many years, and that the pattern of
higher concentrations under the summertime temperature conditions will
repeat itself this summer in a predictable manner. This prediction constitutes a
blind test of the validity of the model.

Uncertainties in the model have been evaluated to estimate how tightly the
model bounds parameters like heat generation rates, given the lack of perfect
information on temperatures, available gas volumes inside the SWB and internal
drums, and ventilation rates. Reaction and heat generation rates are unlikely to
be more than about a factor of two higher than the rates cited above that were
derived from the data fit. Other parameter combinations that would lead to
higher rates produce simulations that begin to deviate significantly from the
observed data.

The model could be applied to the data from other SWBs containing the LANL
RNS wastes, but this study focused principally on Drum 68685. It is likely that
different reaction rates and ventilation rates would be required to simulate
other drums, which points to the uniqueness of each drum as a separate system.
Notably, all seven of the drums being subjected to daily headspace gas sampling
appear to have characteristic behavior similar to that of 68685: higher
concentrations of carbon dioxide and other headspace gases than the other
drums, and temperature dependence of the concentrations.

The drums are currently under temperature control within the Permacon, but
there have also been efforts to study the possibility of enhancing the ability to
keep the drums cooler throughout the year, including in the summer months.



Simulations were performed to examine the effect of these actions on reaction
rates. As expected, the model predicts reaction rates and gas concentrations in
the SWB headspace to be lower for lower temperatures. As a defense-in-depth
measure, temperature control seems prudent. However, recalling that even
under the current level of temperature control, gas generation rates are low, it is
unlikely that this additional curtailing of the concentrations represents a
meaningful additional factor of safety over an already safe storage condition.
Moreover, if cooling is achieved by placing the drums in a refrigerator,
ventilation conditions will also be affected, which would likely result in added
uncertainty in the interpretation of concentration values, and thus added
complexity to the technical arguments supporting the efficacy of the cooling
measures taken.

Scenarios developed to examine the response of SWB headspace gases to abrupt
changes in reactivity suggest that concentrations are a very sensitive means for
observing such changes. In a simulation postulating a rise in temperature within
an RNS waste drum of 1 °C per day (presumed to be undetected by
measurements on the outside of the SWB), the model suggests that within about
five days, the headspace gases would deviate enough from their current state to
provide a high likelihood that this off-normal condition would be detected. This
is illustrated in Figure ES-2 below. Even if one assumes conservatively that this
time is 10 days, the RNS waste temperature would still be well below the
temperature specified by Clark and Funk (2015) and SRNL (2015) as the onset
temperature for runaway exothermic reactions for this waste. Further work
should be performed to solidify this conclusion by considering issues of
detectability of deviations, given that the data are not perfectly smooth, and to
make sure that additional drums beyond the seven receiving daily sampling are
monitored more frequently for purposes of detecting incipient chemical
reactions that might be the precursor of thermal runaway conditions.



Figure ES-2 Simulation of hypothetical scenario in which the RNS waste drum
experiences an undetected temperature rise due to low-level chemical or biological
reaction. Top figure: Postulated RNS waste drum temperature profile. Self-heating
begins at day 98, when it deviates from the temperature in the room. Bottom:
Simulated carbon dioxide concentrations. The green curve is the simulated
response to self-heating within the RNS drum. The simulation tracks the baseline
scenario until the postulated change, after which concentrations climb rapidly. The
2014 concentration data and the model under a scenario of the current
temperature control (“Current T control”) is superimposed to show the level of
data scatter expected when using these data to detect off-normal conditions.



1 Introduction

On February 14, 2014, a release of radioactivity occurred at the Waste Isolation
Pilot Plant (WIPP), resulting in distribution via airborne transport of radioactivity
within the repository and to the surrounding environment in the vicinity of the
facility. When definitive photographic evidence became available (May 15, 2014)
that the breached drum was indeed an RNS waste drum processed at LANL (Drum
68660), LANL implemented additional precautions and controls, including
overpacking of the 55-gallon RNS waste drums into Standard Waste Boxes (SWBs)1!
and storage in a Permacon at TA-54, Area G, in Dome 375, as well as moving all
unremediated nitrate salt (UNS) containers? to a Permacon at TA-54, Area G, in
Dome 231. RNS waste drums similar to those at LANL had previously been shipped
to WIPP (422 drums, emplaced in the WIPP underground), and to the low level
radioactive waste facility in Andrews, Texas managed by Waste Control Specialists,
LLC (WCS) (109 drums, subsequently placed in shallow underground storage). Both
WIPP and WCS subsequently have also taken precautions to protect workers, the
public, and the environment.

Drums at LANL continue to be managed and monitoring results are reported to the
New Mexico Environment Department (NMED) under the LANL Nitrate Salt Bearing
Waste Container Isolation Plan (Isolation Plan: LANL, 2014). Drums are currently
stored under HEPA filtration and the temperature controls provided by the
buildings, with active fire suppression systems. Monitoring of the drums consists of
hourly visual inspections, daily temperature measurements of the SWBs containing
the RNS waste drums, and periodic sampling and analysis of the headspace gases
within these SWBs.

The LANL Chemical Diagnostics and Engineering Group (C-CDE) began
characterizing headspace gases in LANL SWBs containing RNS waste on May 8,
2014. Results of this monitoring campaign are described in detail in Leibman et al.
(2015). Gas samples of TRU drum headspace were analyzed for Volatile Organic
Compounds (VOCs) by Gas Chromatography/Mass Spectrometry (GC-MS) and for
permanent gases using GC with a Thermal Conductivity Detector (GC-TCD).
Permanent gases are those that remain gaseous at standard temperature and
pressure and include helium, hydrogen, oxygen, nitrogen, methane, carbon
monoxide, carbon dioxide, and nitrous oxide. This initial characterization was
conducted to determine if causal factors which could lead to drum failure could be
quickly identified to prevent recurrence. Of immediate concern was the potential to
produce explosive or flammable concentrations of gas from unanticipated chemical

1 Upon completion of this process on May 18, 2014, there were 57 RNS waste containers at LANL,
overpacked into a total of 55 SWBs.

2 At the time that LANL suspended further processing of UNS waste on May 2, 2014, there were a total
of 27 UNS waste drums that had not yet been processed. The move of these drums to Dome 375 was
completed on June 3, 2014.



reaction of the nitrate salt waste with organic absorbent. These initial analyses and
other monitoring did not suggest that runaway chemical reactions were occurring in
any of the remediated or un-remediated nitrate salt waste drums. Since these initial
characterization activities, headspace gas analysis has continued to see what trends
in individual gas concentrations or relative concentrations were observed, and to
gain further insight into potential mechanisms that could have contributed to the
breach of drum 68660 in the WIPP repository.

With the collection of a significant quantity of headspace gas and temperature data
for the RNS waste drumes, it is reasonable to suspect that additional insights into the
nature of chemical reactivity within the drums can be derived from a modeling and
analysis activity. These insights could play a key role in LANL'’s ongoing efforts to
confirm the safety of the RNS waste in its current storage configuration. Such
studies, as well as the recently published studies of the WIPP radiation release event
(Clark and Funk, 2015; SRNL, 2015), could also inform future directions for
management and ultimate treatment of the waste. Finally, it is anticipated that the
Accident Investigation Board (AIB) report will issue findings related to the reactive
chemistry occurring within the RNS waste drums that will need to be answered. The
models and interpretations developed herein also satisfy this need.

The remainder of this report is organized as follows. First, a description of the
configuration of the waste is presented along with a presentation and qualitative
interpretation of the headspace gas data. These descriptions emphasize those
aspects that influence the development of a mathematical model of headspace gas
behavior. Then, a conceptual and numerical model of the system is developed,
including assumptions and simplifications required to result in a tractable
mathematical model. Then, headspace gas modeling results are presented for the
SWB containing Drum 68685, a LANL RNS waste container (a sibling of Drum 68660
that breached in the WIPP underground) for which daily headspace gas
measurements are available. Finally, the implications of the results to the
management of RNS waste at LANL are discussed by using the model to examine the
various scenarios for cooling the waste, as well as various scenarios for detecting
off-normal conditions should the RNS waste drums exhibit increased reactivity in
the future.



2 Headspace Gas Monitoring for RNS Waste

The RNS waste at Los Alamos has undergone monitoring of the headspace gases on
aregular basis since the time it was determined that a Los Alamos waste drum had
breached at WIPP. This section summarizes the configuration of the waste drums
and presents a high-level overview of the data collected.

2.1 Configuration of RNS Waste Stored at Los Alamos

There are currently 57 RNS waste containers at LANL, overpacked into a total of 55
SWaBs. Figure 2-1 provides a diagram and physical dimensions of a SWB for a
configuration containing four 55-gallon drums. For most of the RNS waste
containers at Los Alamos, including Drum 68685, the SWB overpack contains one
55-gallon drum containing RNS waste, and three additional drums that are either
empty dunnage drums or which contain non-nitrate salt TRU waste. The SWBs are
fitted with filtered vents to allow gases generated within the container to vent to the
atmosphere. This is a standard precaution built into such a system to prevent the
buildup of flammable gases within the container.

The headspace gases monitored in the LANL RNS waste drums are obtained from
the headspace of the SWB overpack containing the 55-gallon RNS waste drum. Thus,
SWB headspace gas concentrations are measurements of the gases contained within
the space outside of the 55-gallon drums but within the SWB. Gas concentrations
are impacted by gas generation within the 55-gallon RNS waste drum and by
communication with the outside air through the SWB and drum filter vents. Venting
of the SWB provides a mechanism for mixing of the headspace gases with outside
air, as well as the escape of gases from the SWB. As the pressure conditions within
the room change due to barometric or room ventilation changes, the gas flow may
be either into or out of the SWB. When the SWB is “exhaling,” gases are released at
the concentrations present within the SWB headspace. When the SWB is “inhaling,”
the SWB is supplied with atmospheric air.

The volume available for gas mixing is uncertain due to the lack of perfect
knowledge on the volume of waste within the internal drums. However, gas
transfer between the SWB headspace and the 55-gallon dunnage drums should be
relatively rapid in most cases because either the lid of dunnage drum is removed or
the lid is on but the bung is removed.

These factors are important to the mathematical model of the system developed in
the next section.



Source: http://www.wipp.energy.gov/library/cpp/cpp/standard%20waste%20box%20%28swb%29.htm

Figure 2-1 Diagram and physical dimensions of a Standard Waste Box (SWB)
2.2 Summary of Headspace Gas Data

Leibman et al. (2015) report on the sample collection and gas concentration
analysis methods for the headspace gases in the RNS waste drums at Los Alamos.
This section describes some of the key results from this monitoring campaign,
setting the stage for the modeling effort that follows in the remainder of this
report. Data up to February 3, 2015 are used in all plots and analyses; results
will be updated as needed to reflect the most recent measurements.

Measurements of permanent gases, including helium, hydrogen, oxygen,
nitrogen, methane, carbon monoxide, carbon dioxide, and nitrous oxide, have
been conducted at least monthly, and for several drums, as frequently as daily,
for the 55 SWBs containing the 57 RNS waste drums. The principle purpose of



these measurements is to monitor for flammable gases such as hydrogen and to
detect any chemical reactivity such as oxidation reactions that may be occurring
in the drums.

The data support the conclusion that the predominant source of hydrogen is
radiolysis of the drum contents as a result of decay of the radioactive transuranic
elements in the waste. Figure 2-2 is a correlation of the average hydrogen
concentration versus the activity in the drum for the 55 SWBs. Such a correlation
is not expected to be perfect because of variability between drums such as
venting characteristics of individual drums, inaccuracies in the activity
measurement and the heterogeneity of drum contents. Nonetheless, a
correlation does exist, suggesting a radiolysis mechanism. Also, as illustrated in
Figure 2-3 for Drum 68685, the hydrogen concentration is generally constant
with time, in contrast to trends for other gases such as carbon dioxide that
suggest a temperature-dependent behavior (see below). Both of these
observations support radiolysis as the controlling the mechanism for hydrogen
generation.

Note: Two drums, SB50522 and SB02198, are not included because their average hydrogen
concentration levels exceed the maximum on the plot (5953 ppmv and 2640 ppmv, respectively).
Each of these drums has exhibited a steady decline in hydrogen concentration since monitoring since
began, and future monitoring will track the concentration to detect future trends.

Figure 2-2 Correlation of hydrogen concentration in headspace gas versus the
drum activity for the 55 SWBs containing RNS waste.
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Figure 2-3 Trends of concentration for carbon dioxide and hydrogen gases in Drum
68685.

Leibman et al. (2015) found that the ratios of gases within the drum for the
SWBs with the highest gas concentrations exhibited a similar characteristic
signature, but with variability from drum to drum. This statement is supported
by the average ratios of gases for the seven containers with the most extensive
monitoring history (Figure 2-4). In addition to these averages, the ratios exhibit
varying degrees of time dependence (Figure 2-5), which may be due to
temperature dependence of multiple chemical reactions. For example, for Drum
68685, the carbon dioxide/nitrous oxide ratio ranges from about 3:1 at the
beginning of monitoring to about 4:1 after 260 days; at the other extreme, these
ratios for SWB 50522 are about 65:1 initially, and drop to about 35:1 after 260
days. Multiple chemical reactions that perhaps exhibit different temperature
dependence would be required to quantitatively explain this behavior. The
carbon dioxide/nitrous oxide ratio of approximately 3:1 in Drum 68685 is used
to postulate a simplified description of the chemical reactivity in that drum later
in this report. However, it is important to recognize that different chemical
reactions contribute to gas generation and some variability should be expected
across the drum population.
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Figure 2-4 Average gas concentration ratios in the headspace of SWBs containing
RNS waste. Reproduced from Leibman et al. (2015). These seven drums exhibit the
highest concentrations of the 55 SWBs in storage.
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Figure 2-5 Time-varying ratio of carbon dioxide/nitrous oxide concentration for
the most frequently monitored SWBs containing RNS waste. Top panel: two drums
with the highest ratios; Bottom panel: five drums with the lower ratios.

Figure 2-6 shows the carbon dioxide concentration-time histories of the seven
most frequently sampled drums. All drums with high concentrations exhibit the
same characteristic decline in concentration, explained in the model developed
later as temperature-dependent reaction kinetics in the RNS waste drum,
modulated by mixing with atmospheric air due to ventilation of the SWB.

Daily Average Temperature

Figure 2-6 Carbon dioxide concentration-time and temperature-time histories of
the seven most frequently sampled drums. Gray lines are curves plotted for the
remaining 48 SWBs. Top panel: concentrations; Bottom panel: daily average
temperatures for the cell containing Drum 68685.

In contrast to the seven drums with highest carbon dioxide concentrations,
many drums have much lower concentrations, for example with maximum
carbon dioxide concentrations less than 10,000 ppmv. These are depicted in
Figure 2-6 as thin gray curves at lower concentrations. Many of these drums
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exhibit either flat concentration profiles with time, or steadily increasing values,
but at much lower levels than the frequently sampled drums highlighted in
Figure 2-6. The average concentrations of carbon dioxide, nitrous oxide, and
hydrogen for all drums are represented in Figure 2-7, and Table 2-1 indicates
the groupings of containers into separate bins of similar carbon dioxide
concentrations. The selection of the bin for a given SWB was performed
manually, choosing the bin based on the overall concentration of the majority of
the measurements for that drum, rather than using a maximum or average value.
The overall statistics are presented at the bottom of the table. Based on a
qualitative criterion that carbon dioxide concentrations >10000 ppmv in the
SWB headspace meet the definition of a “reactive” waste drum, 11 drums fit into
this category, including all seven of the most frequently sampled drums, as well
as four others: Drums 69183, 69630, 69645, and 94068. However, note that
there is some reactivity in most of the drums, and that the term “reactive” must
be placed into context through an assessment of the level of gas generation. The
model developed in the remainder of this report provides that context.
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Figure 2-7 Average concentrations of gases in each of the 55 SWBs containing RNS waste
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Table 2-1 Carbon dioxide concentrations within the 55 SWBs containing RNS waste

drums
Carbon Dioxide Concentration (ppmv)
2 /8|8 | 8| o
| 8| 3|8 | S |8
RNS | Parent | sws | V | § | § | 8§ | 8 | R
Drum ID | Drum ID ID* - o n N
68408 $842463 | SB02198 v
68430 5833846 v
68507 5853279 v
68540 5842181 | 70503 P
68553 5842181 | 70503
68567 5816837 v
68624 5824184 v
68631 5825810 4
68638 5825810 4
68648 $855139 | SB50442 v
68665 5853492 | SB50529 4
68685 5855793 v
69013 5870213 v
69015 5851418 v
69036 5873554 v
69076 5852530 | SB50452 v
69079 $901114 | SB50073 v
69183 $870478 | SB50443 v
69208 5851772 | SB50069 v
69280 $841251 | SB50431 v
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Carbon Dioxide Concentration (ppmv)

28|88 | 8| .

g | 8| 3|8 | S |8
RNS | Parent | sws | V | § | § | 8§ | 8 | R
Drum ID | Drum ID ID* - o n N
69298 5841251 v
69361 5892963 | SB50451 v
69417 5822876 v
69445 $823229 v
69490 5892963 | SB50522 v
69491 5891387 | SB50448 v
69519 5816768 v
69520 5813471 v
69548 5851416 v
69553 5841627 v
69559 5832148 v
69568 5825664 v
69595 5852588 | SB50418 v
69598 $793450 v
69604 5816768 v
69615 5843673 v
69616 5841627 v
69618 5818412 v
69620 5816768 v
69630 5843672 v
69633 5851418 v
69634 5851416 v
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Carbon Dioxide Concentration (ppmv)

S| 8| 8| 8
o o
S| 8| 8| R | 3|8
o o o L o
RNS Parent | SWB v S S S S 7\'
N
DrumID | DrumID ID* — N Ln ~
69635 $851418 v
69636 S843672 v
69637 $813471 v
69638 $822679 v
69639 S843673 v
69641 5813471 v
69642 5818412 v
69644 $793450 v
69645 $822679 v
92459 5910171 | SB50559 P
92472 $S910171 | SB50559
92669 5823187 | SB02203 v
93605 $824541 v
94068 5851852 v
94227 5813475 v
Color Legend Total 7 11 12 4 10 11
Frequently | Two RNS
sampled drums in
drums an SWB

*If SWB ID is blank, the SWB is referred to by its RNS drum ID
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3 Model Development

This section presents a conceptual and numerical model of the transient behavior of
gases within the SWB headspace for containers hosting the 55-gallon RNS waste
drums. The subsections below include the conceptual model with accompanying
assumptions and simplifications, followed by the mathematical model developed to
simulate the headspace gas concentrations.

3.1 Conceptual Model

In principle, a fully realistic depiction of the concentrations of headspace gases
within the SWB would consider the transient processes of ventilation flows into
and out of the SWB, temperature and spatially dependent reaction and gas
generation within the 55-gallon drum, expulsion of those gases into the SWB
headspace, and gas flow and mixing above and between the drums inside the
SWB. Given the complexity of those processes and the lack of input data to
inform such a model, an idealized model approximating the key processes is a
more practical approach. The following simplifications and assumptions are
made for the conceptual model developed herein.

Gases within the headspace of the SWB are perfectly mixed. The ventilation of the
drum should result in gas circulation and mixing, and molecular diffusion of
gases within the open space should be rapid, leading to homogenization of gas
concentrations. Mole fractions of generated gases such as CO; do not exceed a
few percent, so gravitational accumulation of gases heavier than air at the
bottom of the SWB should be minimal. An implication of this assumption is that
there is a single, time-varying value of concentration within the headspace, and
that the sampling campaign provides a measurement of that concentration-time
history.

Average gas flow rates are in balance at any point in time. In other words, the
inflows equal the outflows. Here we make a distinction between the short-term
transients of induced inflow and outflow via ventilation, versus the long-term
average flows that we desire to represent in the model. From the perspective of
a representation of the long-term behavior of the system, the inflow is the time-
averaged flow rate into the SWB during periods when it is inhaling. The rate of
gas generation from reactions occurring within the RNS waste drum is another
“inflow” into the SWB headspace. Likewise, outflows are the time-averaged flow
rates while the SWB is exhaling. Because the gas pressure in the SWB is
approximately atmospheric (at the local conditions where the drums are stored),
there is no net accumulation of gas within the headspace in the long term. This
assumption stipulates that an averaged representation of the inflow and outflow
(controlled by cyclic changes in barometric pressure, temperature variability,
and transients in room airflow) that ignores the short-term “on/off” nature of
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ventilation flows is sufficient for a model of the long-term mass balance of gases
within the SWB.

Chemical reactions within the RNS waste drum generate gases that feed the SWB
headspace; these reactions follow an Arrhenius temperature dependence. While
there may be multiple reactions, as implied by the analysis of headspace gas data
presented earlier, this model assumes that a single reaction with Arrhenius
temperature dependence is the sole source of permanent gases such as COz and
N20 that are observed. This is a simplification made out of necessity, given the
inherent complexity of the RNS mixtures and lack of detailed information on the
reactions. However, it is acknowledged that if multiple reactions occur, there
may be shifts in the dominant stoichiometry as a function of temperature.

Temperatures measured in the room where the SWB is stored are an appropriate
input for calculating the reaction rates within the RNS waste drum. Temperature
is controlled within the Permacon in which the RNS waste is stored, but the
system is not kept at a uniform temperature: generally, temperatures are
somewhat higher in the summer and cooler in the winter. Figure 3-1 shows the
daily temperatures measured in the cell in which the SWB containing Drum
68685 is stored. Two forms of the data are presented: the daily average
temperature averages the diurnal temperature swings from day to night,
whereas the daily maximum temperature simply records the maximum
temperature of that day. In addition to the seasonal variability, there are higher-
frequency diurnal variations in temperature. From separate experiments
conducted at Los Alamos to understand the rates of heat transfer within the
drum, we know that the characteristic response time of a drum in this
configuration is of the order of a few days. Therefore, diurnal fluctuations should
be damped, such that the drum experiences a bulk temperature that can be well
represented by the daily average or daily maximum temperature. Conversely,
the drum response time is short compared to the long storage periods that the
model is designed to simulate. Therefore, the assumption that room
temperatures track the measured temperatures in the vicinity of the drums is an
appropriate approximation. Finally, this assumption also requires that heat
generation rates due to reaction within the RNS drum are too small to impact the
bulk average temperature within the drum. In the model analysis, this
assumption is tested ex post facto by estimating the heat generation rates that
would accompany the reactions in the drum to determine if they would be
sufficient to provide significant warming of the contents.
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Figure 3-1 Measured temperatures within the cell containing the SWB of Drum
68685.

3.2 Mathematical Model

Given the assumptions outlined above, a mass balance in the SWB headspace for
a gas constituent such as CO; or N20 generated from the RNS waste can be
described as follows:

dc
VHSG E = _QoutC + QinCin + X(T) (1)
where
x(T) = AeEa/RT (2)

In these equations, C is the concentration of a particular gas in the headspace
(mol/L); t is time (s); T is temperature (K); C;, is the atmospheric concentration
of the gas (mol/L); V¢ is the volume of the headspace gas within the SWB (L);
x(T) is the rate of generation of the component (e.g. carbon dioxide or nitrous
oxide) being simulated (mol/s); E, is the activation energy of the reaction within
the RNS waste drum (kcal/mol); R is the universal gas constant (1.987e-3
kcal/mol-K); A is a lumped term with units of mol/s containing the pre-
exponential factor and a scaling factor that establishes the actual molar
generation rate of the gas within the RNS waste drum; Q;,, is the long-term
average gas flow rate into the system due to SWB inhalation (L/s); and Q,,; is
the long-term average gas flow rate out of the system due to SWB exhalation
(L/s). Due to gas generation within the RNS drum, Q;,, and Q,,; are not equal to
one another, but are related through the following expression:

Qout = Qin + Qgen (3)

where Qg4 is the volumetric generation rate of all gases due to reactions within
the RNS drum, and is calculated from the following expression:

_ X(T)RT

(4)
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In this equation, the universal gas constant is 0.08206 L-atm/mol-K, Py is the
pressure in the headspace, assumed to be 0.7849 atm, the mean atmospheric
pressure that the elevation of Los Alamos, New Mexico, where the drums are
stored, and X, is the fraction of the total gas generated from reaction that is the
constituent being modeled. In other words, if, for example, carbon dioxide is
being simulated in the model, other gases will be generated along with it, and are
accounted for by this fraction, which is obtained from the stoichiometry of the
reaction presumed to be occurring within the RNS waste drum that is giving rise
to the gas generation.

This mass balance equation is closely related to the continuous stirred tank
reactor (CSTR) model that is commonly employed in the field of chemical
engineering to describe well-mixed reactors, except that in this case, the inlet
and outlet flow rates are not necessarily equal due to the generation of gas due
to RNS waste reactions. Equation (1) is solved numerically using a simple Picard
integration scheme in the spreadsheet titled HSG model calculations.xlsx that
accompanies this report. Details of the numerical calculations are presented in
that spreadsheet, along with the numerical verification tests performed to
ensure that the solutions obtained are accurate. A summary of the verification
tests is presented in Appendix 1.

In the presentation of the results in the remainder of this report, the units of the
parameters of time and concentration are converted to days and ppmv,
respectively, to enable comparison to the available data.
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4 Model Results

This section presents model results describing the long-term transient behavior of
carbon dioxide and nitrous oxide in the headspace gases. The most complete data
set is for Drum 68685, a sibling drum of 68660, which also exhibits some of the
highest concentrations of carbon dioxide of any of the RNS drums in storage at
LANL. The first subsection presents a detailed set of modeling results for this drum.
Then, a more general set of modeling results are presented in the next subsection, to
illustrate the characteristic types of headspace gas behavior that are occurring in
other drums. Following that, the behavior of headspace gases under different
possible cooling scenarios is presented in Section 4.3, and the potential use of these
measurements to detect anomalous reactions that would be indicative of initial
heating within the RNS waste drum is discussed in Section 4.4.

4.1 Model of Drum 68685

[t is necessary to define a chemical reaction involving the evolution of carbon
dioxide and nitrous oxide in order to simultaneously simulate the behavior
of both gases in the same model. For Drum 68685, we adopt the cellulose
oxidation reaction suggested by Leibman et al. (2015):

C6H1005 + 6NaN03 - 3N32C03 + 3C02 +5 HzO + 2 Nz + NzO + 02

This reaction was first postulated when cellulose was considered as a
denitrifying reagent for Hanford tank waste prior to waste vitrification (Scheele
et al.,, 2007). While the Swheat kitty litter cannot be simply characterized as
CeH100s, it serves to illustrate the potential products from oxidation of the
Swheat by nitrate salt oxidizer present as a bulk material in the waste stream. In
this reaction, the first reactant is an idealized representation of the repeating
portion of a cellulose molecule. Although this model reaction is idealized, it
allows for a specification of the stoichiometry and the heat of reaction on a per-
mole basis. Thus, in this model, one mole of cellulosic material generates seven
total moles of permanent gas, of which three moles are carbon dioxide (CO2) and
one mole is nitrous oxide (N20). Leibman et al. (2015) describe this model
reaction to be exothermic with a heat of reaction of -577.013 kcal/mol. This
stoichiometric ratio and heat of reaction are used in the overall simulation of
results below.

Other inputs are set as follows:

3 While Drum 68685 is a sibling of the drum that breached in WIPP, there are significant differences
between the two that preclude the expectation that they will behave identically. For example, Drum
68660 contains a layer of waste from the absorption of free liquid with Swheat, whereas the Swheat
used in 68685 was only in the form of Swheat/Salt mixtures.
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The atmospheric concentrations of carbon dioxide and nirous oxide, used as the
input concentrations when the SWB is inhaling, are 400 ppm and 0.325 ppm,
respectively.*

Headspace gas volume Vj;¢.: the total inner volume of the SWB is approximately
1900 L, some of which may or may not be taken up by the presence of the four
55 gallon drums. The drums, each of which are 208 L, are either empty or
partially filled with RNS or other waste. Each dunnage drum in the SWB
containing Drum 68685 has a lid, but the bung is removed, implying that the
headspace gas volume may include the empty volume within the dunnage drums
as well as the remainder of the gas volume in the SWB. The other extreme is that
gas exchange from the headspace to the dunnage drums is limited, to the point
that only the volume within the SWB but outside the 55 gallon drums is available
for headspace gases to mix. In the study, we treat this as an uncertainty that is
examined with a sensitivity analysis: the main model result is performed with
the maximum volume (Vy5; = 1900 L); the other extreme is modeled assuming
the minimum volume (Vyg; = 1900 — 4 - 208 = 1068 L).

The parameters Q;,, 4, and E, are adjustable in the model in order to fit the
available data. Fitting was performed manually.

The simulated headspace gas concentration results using the daily maximum
temperature data and the minimum headspace gas volume are shown in Figure
4-1. The fit to the data is excellent. For this model, the flow rate and reaction
parameters have distinctly different influence on the transient behavior. The
flow rate (or more precisely, the characteristic turnover time of the headspace
gas, Vyse/Qin), controls the initial rate of rise of the concentration values; the
turnover time is 22 days for this simulation. The reaction parameters control the
ultimate level of the concentration values as well as the difference in the highest
concentrations at around 100 days (at the highest temperatures in the summer)
versus the lower values at low winter temperatures (from day 230 to the end of
the simulation). The stoichiometry of the model reaction controls the relative
levels of carbon dioxide and nitrous oxide: the 3:1 stoichiometric ratio of the
generated gases is reflected in the data, as observed by Leibman et al. (2015).
This numerical model supports that observation, in that the transient behavior
of both gases are well represented by the model.

One of the outputs of the model is the gas generation rate due to reaction, which,
when combined with the heat of reaction, gives a prediction of the heat
generation rate in the RNS waste drum. Predicted gas generation rates are very
small, ranging from 4 to 5 cm3/min during the initial and summer months,
declining to about 2 cm3/min in the winter. This compares to the fitted value for
Qi of 60 cm3/min. An implication of this model is that the rate of gas generation

4 From information on atmospheric concentrations of trace gases found at the following Website:
http://www.eea.europa.eu/data-and-maps/daviz/atmospheric-concentration-of-carbon-dioxide-1.
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is a small fraction of the ventilation rates into and out of the drum (i.e.,

Qin = Qoyut)- Thus, measuring gas generation rates via direct flow rate
measurements is likely to be masked by the much greater inlet and outlet
ventilation flows. If more vigorous reactions were to occur associated with
thermal runaway, the rates of gas generation would be much larger and
probably could be measured.

Figure 4-1 Simulation results for carbon dioxide and nitrous oxide concentrations
for Drum 68685. Daily maximum temperature record and minimum SWB
headspace volume used.

Heat generation rates from this reaction are shown in Figure 4-2. The predicted
heat generation rate in the drum is very small, averaging about 0.8 to 1 W during
the summer, declining to about 0.3 to 0.4 W under the colder winter storage
conditions. This level of heat generation is likely to be easily dissipated through
the SWB and into the room. This result supports the conclusion that internal
heating in these drums due to this reaction is inconsequential, and confirms the
model assumption that the drum temperature is controlled by the temperature
of the storage unit, with no substantial heat contribution from internal heating.
This also suggests that the assumption of negligible internal heating yields a self-
consistent model: the amount of reaction predicted by the model from fitting of
the headspace gas concentration data under that assumption is too small to
result in internal heating. The caveat to these results is that there could be other
reactions occurring that generate heat without gas generation. There should be
additional investigation into the possibility of such reactions, and later the
possibility of these reactions being detected in the headspace gas measurements
is examined.

The prediction of the total amount of carbon dioxide generated over the 260 day
simulation period is about 18.6 moles, which would come from the reaction of
18.6/3 = 6.2 moles or 1 kg of Swheat. This is a very small fraction of the total
amount of Swheat available for reaction, implying that there are ample
quantities of reactants available to supply continued gas generation at these low
rates for as long as these drums stay in storage. From this result it follows that
the reaction and gas generation rates are likely to track the storage temperature
as it rises again in the summer of 2015, as the reactions are unlikely to be limited
by the quantity of available reactants for the foreseeable future. This prediction

24



constitutes a blind test of the validity of the model. Concentrations should track
the seasonally dependent temperatures of the storage unit in a predictable way,
as long as the drum configuration in storage remains as it is today. Any
significant deviations from predictions would be evidence of a change in the
reaction characteristics of the drum. Increased gas generation above that
predicted in the future would be evidence of other reactions. Deviation from the
prevailing trends in gas concentrations may provide a useful indicator to
confirm whether incipient reactions, either the ones modeled or additional
reactions unlike those observed to date, are occurring. Use of these results to
interpret future headspace gas concentrations, including the potential for
diagnosing incipient heat-generating reactions, is described in Section 4.4 below.

Figure 4-2 Simulation of heat generation assuming the postulated Swheat reaction
for Drum 68685.

Some of the parameters in the model are uncertain; for this reason, it is
important to establish the uncertainty around the key results just presented. To
do this, three additional models were developed. The first model assumes that
the minimum gas volume (1068 L) is available in the headspace. For this model,
an equally good fit the concentration data is obtained (not shown), with the
changes to the other parameters yielding somewhat lower gas generation (14.3
moles of carbon dioxide over the 260 day period, compared to 18.6 moles when
the smaller volume is assumed), and lower heat generation (maximum heat
output of about 0.6 to 0.8 W compared to the 0.8 to 1 W range for the previous
case). The general conclusions that the level of reactivity, attributable to the
aforementioned denitrifying reaction, is low and generates minimal heat still
hold.

A second sensitivity study used the daily average temperature as the
temperature input to the model, and resulted in a similarly good fit to the data.
The predicted gas and heat generation rates were marginally larger than the
case presented in detail above.

A third model was developed to attempt to establish an upper bound on the gas
generation rate (and heat generation rates) and still obtain a reasonable fit to
the data. Increasing the pre-exponential factor alone to increase the rate results
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in proportionally higher concentrations in the headspace gas. In principle, these
concentrations can be made lower again in the model by increasing the inlet flow
rate to achieve the proper rate of dilution within the SWB. However, this results
in shorter turnover times within the SWB, resulting in an inability to simulate
the early-time concentrations: the predicted rate of increase is too fast compared
to the data. Figure 4-3 illustrates this effect for an increase in reaction rate by a
factor of three, and offsetting this by an increase in ventilation rate (the turnover
time is 7.3 days for this simulation). The plateaus are still adequately fit, but the
initial rise is too fast. This analysis roughly establishes a cap on how high the
reaction rates could be compared to the model developed earlier: the reaction
and heat generation rates cannot be more than about a factor of two and still
explain the observed concentrations. As with the other sensitivity analyses, this
uncertainty does not place into question the fundamental conclusion from the
previous result that gas and heat generation rates are very low within the RNS
drums in storage at LANL.

Figure 4-3 Simulation attempting to fit the carbon dioxide concentrations for
Drum 68685 with higher reaction rates combined with higher ventilation rates.

As a final consistency check, the activation energy required to fit the data was
about 15 kcal/mol for the case presented in detail above, whereas the case in
which the daily average temperature was used as input required adjustment of
this value to 20 kcal/mol (and compensating for this change by adjusting the
pre-exponential term to achieve the fit). The range of 15-20 kcal/mol obtained
from this model is within the range proposed by Clark and Funk (2015) of 10-30
kcal/mol as typical of activation energies for reactions of this nature.

An ancillary use of the model is to evaluate the moisture conditions within the
drum, including the possibility of drying of the RNS waste contents over time.
The RNS waste drums were packaged with significant quantities of water, either
as free liquid absorbed with Swheat, or wet nitrate salts mixed with Swheat.
Since the Swheat/Salt mixtures have been shown experimentally to be reactive
at lower temperatures when they are dried (SRNL, 2015), it is important to
understand if significant drying could occur after packaging. For the model result
of a time-averaged flow rate due to venting of 60 cm3/min, and assuming the
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inlet air is dry and the exit air is 100% humid,® only about 1.6 g/day or 580
g/year (0.58 L/year) would be removed from the drum via evaporation.
Therefore, one would not expect the RNS waste to dry significantly in its current
storage configuration, either to date or many years into the future.

4.2 Application of the model to other drums

The model results in the previous section provide a self-consistent description of
the processes controlling the concentrations of gases in the headspace in SWBs
containing RNS waste drums. Although the general conclusion of low gas
generation and heat generation rates apply to all drums, Section 2.2
demonstrated that each drum has its own set of unique conditions that will
change the details of the transient concentration behavior within SWB
headspace. The model developed herein would explain this behavior through a
combination of slower kinetics and slower venting rates. A few example
calculations with different parameter values are presented in Figure 4-4 to
illustrate this point. When only the kinetics are slower (Model 1), the curve
retains its same shape but the carbon dioxide concentrations are lower (peaking
at about 5000 ppmv compared to close to 30,000 ppmv for Drum 68685). To
explain concentrations in SWBs that rise throughout the entire period (which
includes both summer and winter temperature conditions) or reach a plateau
(Model 3), slower ventilation rates are also required, such that turnover times in
the SWB headspace are greater. Model 2 is an intermediate case that shows a
plateau and a slight decline towards the end of the simulation. Thus, drum-to-
drum variability in reaction rates and ventilation rates explains the different
behaviors of the headspace gases observed in the 55 SWBs.

Figure 4-4 Example model results showing different characteristic carbon dioxide
concentration behavior depending on the selection of kinetics and flow
parameters.

5 These are clearly bounding assumptions applied for analysis purposes: 1) the atmospheric air at Los
Alamos, New Mexico is relatively dry, but obviously contains some water vapor, and 2) the water vapor
content in the SWB headspace may be limited by the fact that the water in the RNS waste is physically
separated from the headspace, and is absorbed or present within small pores in the material, and
therefore is less accessible for vaporization than if there were free liquid in the SWB itself.
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4.3 Predicted behavior under alternative storage scenarios

Various scenarios are under consideration by LANL to further reduce the rates
of reactions occurring within the drums. To examine the impact of different
cooling scenarios a modeling analysis was performed in which it is assumed
different levels of cooling are achieved. These were compared to the current
temperature control capability, which works to provide a limit to the maximum
temperature in the Permacon and to provide for worker comfort.

To enable a simple modeling comparison, it is assumed that if additional cooling
capability is installed, that it comes on line on May 19, 2015, exactly one year
after the first gas sample was collected.® For the current temperature control
case, it is assumed that the daily maximum temperatures in the Permacon repeat
themselves exactly in 2015. Different cooling capabilities would perform
differently, but in general, if the cooling is performed in the Permacon, the
highest temperatures would be “clipped” at a particular value, whereas
temperatures below this set point would be achieved if the environmental
conditions at that time of the year allowed this to occur. For modeling purposes,
this is represented by the set of temperature profiles in Figure 4-5, with
temperatures above the control point clipped at that temperature. Control
temperatures of 20, 15, and 10°C were chosen for this analysis.

Projected carbon dioxide concentrations in the headspace of the SWB under
these scenarios are shown in Figure 4-6. All scenarios assume that, in contrast to
the low initial concentration at the onset of the Isolation Plan, the initial
concentration is 20,000 ppmv, a value likely to be experienced in this SWB in
May, after a year of storage. As expected, greater degrees of temperature control
result in a lowering of the gas generation rate and concentrations in the
headspace. As a defense-in-depth measure, temperature control seems prudent.
However, recalling that even under the current level of temperature control, gas
generation rates are low, it is unlikely that this additional curtailing of the
concentrations represents a meaningful additional factor of safety over an
already safe storage condition.

6 Different assumptions could be implemented, but this one simplifies the development of these cases,
while still being sufficient for this analysis.
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Figure 4-5 Temperature profiles used to examine the impact of different
temperature control options on the headspace gas behavior.

Figure 4-6 Projected carbon dioxide concentrations for the alternative cooling
scenarios, compared to the option assuming the current temperature control is
applied.

This last statement pre-supposes that there are no additional reactions
occurring for which temperature control would be beneficial. For this not to be
the case, we would need to postulate an exothermic reaction that does not
generate gases, yet is nonetheless occurring now or is triggered at some point in
the future. The logic is that if those reactions were occurring and generating
significant gases, then they would be detectable in the headspace gas results. The
possibility of such reactions should be investigated; in the next subsection, this
possibility is explored using the model.

As a final note on temperature control, the lowest temperature set points are
likely to require a significant change to the storage configuration of the SWBs,
such as placing them in a large refrigerator. This change would not only lower
the temperature, but also change the ventilation conditions and thus the inlet
and outlet flow rates of the SWB. If the flows during inhalation and exhalation
changed significantly, the model presented above would no longer be valid, and
the year’s worth of information that went into the calibration of the model would
need to be regenerated for this revised storage configuration. Lower inhalation
and exhalation flow rates would cause the SWB headspace gas concentrations,
which presumably will drop in response to the lower temperature, to respond
more slowly than before the change. This will likely result in added uncertainty
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in the interpretation of concentration values, and thus added complexity to the
technical arguments supporting the efficacy of the cooling measures taken.

4.4 Detection of precursors to thermal runaway

An important issue for safe management of the RNS waste is to identify key
indicators in data such as SWB headspace gases that would provide early
warning of the precursors to thermal runaway reactions. At present, a model of
gas-phase mass transport (this study) has not been coupled to a thermal
transport model to simulate these processes directly. In lieu of a more
sophisticated model, plausible scenarios of low-level heat-generating reactions
are constructed to examine the degree to which headspace gases respond to
changes in the reactivity conditions. If headspace gas concentrations respond
relatively rapidly to abrupt changes inside the RNS waste drum, then the
sampling campaign can be used proactively to detect these changes, or in the
case of absence of deviations from expected behavior, to confirm a safe storage
condition. Two types of perturbations are studied in this section: increased
reaction rates from undetected temperature rise in the RNS drum, or clogged
filters on the RNS drum leading to pressure rise.

A safety issue of great concern for initiating thermal runaway for this waste is
the presence of undetected reactivity and low-level heat generation that
gradually accelerate to a point at which heat loss from the drum is outpaced by
the heat generation rate due to reaction. At that point, temperatures rise,
reaction rates increase exponentially, and eventually thermal runaway occurs.
Reactivity studies (Clark and Funk, 2015) have established a temperature of
60 °C for complex nitrate salt mixtures, certain trace metals, and Swheat to
exhibit thermal runaway. Today the drums at Los Alamos show no evidence of
this behavior, but such an episode cannot be fully ruled out in the future. The
reactions that we continue to investigate are those that would provide the initial
heating from ambient temperatures to 60 °C. Current working hypotheses
include either microbial reactions or low-level chemical reactions, of which the
Swheat oxidation reaction described earlier is an example.

The two scenarios described and simulated below postulate that, for unknown
reasons, reactivity conditions undergo a change to a more reactive state at a
given point in time. In the first case, we assume that the Swheat reaction exhibits
a step change in reaction rate by a factor of 10 at day 101 of the simulation. The
resulting effect on the carbon dioxide concentration in the SWB headspace is
shown by the red curve Figure 4-7, which is a close-up of the concentration in
the time window during which the change occurs. The concentration predicted
by the model deviates immediately and substantially from the previous trend
(the blue curve), suggesting that such a change could be detected within a matter
of a few days.
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The second scenario postulates that a reaction independent of the Swheat
oxidation reaction, such as microbial activity, provides an internal heat source
sufficient to warm the RNS waste. For this scenario, it is assumed that at day 98,
the temperature within the waste begins to deviate from the ambient
temperature (29.7 °C, the maximum daily temperature on that day in the
previous record) without detection in the temperature measurements, ramping
at arate of 1 °C per day.” At this rate, the RNS drum contents would reach 60 °C
in 30 days, a time frame that is consistent with the breach of Drum 68660 in
WIPP: the time between emplacement in WIPP and the breach was about two
weeks. Figure 4-8 shows the postulated undetected ramping of waste
temperature as it deviates from the temperature in the room. In this case, the
reaction that gave rise to the previous headspace gas concentrations becomes a
tool for monitoring the conditions within the drum, under the assumption that
the reaction will exhibit the same temperature dependence as it has previously
as temperatures in the RNS waste drum rise.

The simulation labeled “Drum T rise” in Figure 4-7 shows that the carbon
dioxide concentration rises accordingly, reaching values 50% greater than
before the excursion after 8 days (with a RNS drum temperature rise to about
38 °C); a doubling of the CO2 concentration is predicted after 13 days (RNS
Drum temperature of 43 °C). It is possible that more aggressive heating could
take place with more rapid temperature rise; however, in that case, the time
required to detect the changes would be reduced accordingly.

The concentration levels simulated are examples of the degree of change
expected. Detectability presumes that one can discriminate a sustained rise from
the “normal” scatter in the measurements. To shed light on this issue,
concentration data from the record for this drum in 2014 are superimposed on
the simulations in the figure. The data are relatively stable on the scale of the
concentration deviations we are trying to detect, which is favorable from the
standpoint of detectability and avoidance of false positives or failing to detect an
actual excursion. Qualitatively, it seems likely that after about 5 days of
concentration measurements, or in this case 5 °C of temperature rise within the
RNS drum, an excursion from the baseline behavior would be detectable with
high confidence. A rigorous statistical analysis of the data should be performed
to solidify this conclusion.

Five days probably represents an upper bound on the time required to detect
changes in internal reactivity conditions, for the following reason. The analysis
just performed assumes that the only means for detecting changes is through
temperature and headspace gas concentration changes indicated by the
increased rate of reactions occurring at low levels within the drum. However, if

7 It is plausible that such a temperature excursion would go undetected in the temperature record
because temperatures are measured on the outside of the SWB, which is thermally shielded from the
temperature within the RNS waste drum.
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additional heat-generating microbial reactions or oxidation reactions are the
cause of this heating, the character of the gas composition data would likely
change dramatically as well. Additional sources of carbon dioxide, the presence
of other gaseous by-products, or changes in the relative quantities of other gases
would almost certainly accompany a significant change in the reactions
occurring in the drum. It is also possible that low-level self-heating might begin
to be visible from the SWB temperature measurements. Options should be
explored to increase the likelihood of detecting directly such temperature
anomalies, perhaps through the use of continuous, real-time infrared monitoring
of the SWB in the vicinity of the drum vent. All of these indicators, and any new
ones developed to enhance the monitoring program, would be available to
diagnose potential incipient reactions causing deviations from the baseline
observations.

Figure 4-7 Simulated carbon dioxide concentrations for hypothetical scenarios in
which reaction conditions change abruptly inside the RNS waste drum. Simulated
scenarios track the baseline scenario until the postulated change, after which
concentrations climb rapidly.

Figure 4-8 RNS waste drum temperature profile postulated for the scenario of
undetected temperature rise due to low-level chemical or biological reaction. Self-
heating begins at day 98, when it deviates from the temperature in the room.

Finally, note that the conclusions presuppose the continuation of daily analysis
of headspace gas concentrations, and the continued storage of these drums in a
manner similar to the past. Changes to the storage configuration, such as moving
them to storage in a closed refrigerator, would complicate the interpretation and

32



make such diagnostic approaches less useful. This factor must be balanced
against the benefits of cooling in reducing reaction rates. Also, daily
measurements are currently being made only for seven of the SWBs containing
RNS waste drums. Obviously, if incipient reactions begin to occur in drums other
than these seven, they could escape timely detection if, for example, they are
only being sampled monthly. The seven frequently sampled drums were chosen
because their headspace gases are suggestive of a more reactive condition within
the RNS waste. In addition, four other drums exhibit carbon dioxide
concentrations exceeding 10000 ppmv (Table 2-1). Consideration should be
given to adopting a more frequent sampling regimen for those four drums.

An additional safety consideration pertains to the rate of pressure rise in the
RNS waste drum under an abnormal situation in which the filters are either
blocked or plugged. Although there is no evidence that this condition applies to
Drum 68685 or other drums in storage at Los Alamos, a pressure rise calculation
can provide perspective on the conditions that would be experienced in other
drums, including the breached drum at WIPP, if this were to occur. Taking the
reaction rates determined from the model for Drum 68685, the ideal gas law can
be applied to calculate the rate of pressure rise under this level of gas
generation. Averaging the gas generation rate over the 260 day simulation
period, and assuming that 100 L of the total 208 L is occupied by gas (the
remainder being solid waste material), the model suggests that generation of gas
at the rates estimated for Drum 68685 would lead to a rate of pressure rise
under a filter blockage scenario of about 0.6 psi/day.

The SRNL (2015) study estimates drum failure at pressures between 35 and 75
psi, or roughly 20 to 60 psi above atmospheric pressure. These pressures would
be reached after 33 to 100 days under a filter blockage scenario at the gas
generation rates inferred from Drum 68685. This calculation illustrates the type
of pressure rise that would be expected, and suggests a “time-to-failure” not
unlike that experienced for the drum that breached in WIPP. Of course, the WIPP
drum also experienced temperature rise and increased reaction rates, which
would accelerate the process. However, if filter blockage was involved, it is
possible that pressure rise at lower temperatures could have provided the initial
impetus for increasing the reaction rates, heat generation rates, and ultimately
the thermal runaway that resulted. Additional full-scale drum tests being
planned by LANL should shed light on this subject.

As for the behavior of the headspace gases in the event of a filter clog in an RNS
waste drum within an SWB, the model can be used to simulate this event by
forcing the reaction rate in the RNS waste drum to 0 at a particular time. The
premise is that the reaction continues to take place within the RNS waste drum,
but the reaction gases are no longer expelled into the SWB. Figure 4-9 shows the
resulting carbon dioxide concentration for such an event starting at day 98. The
headspace gases continue to experience mixing with atmospheric air, but
without a source term from the RNS waste drum, the concentration curve starts
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to deviate towards lower values than would be expected had the clog not
occurred. As with the case of a temperature excursion, this deviation from
expected values should be detectable in the headspace gas concentration trends.

Figure 4-9 Simulated carbon dioxide concentrations for a hypothetical scenarios
involving a clogging of the filter on the RNS waste drum.
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5 Conclusions

This study supports the case for the use of gas concentration measurements of the
SWB headspace as an interpretive tool for discerning the type and rate of gas-
generating reactions within the RNS waste drums in storage at LANL. Model results
imply that the measurements could provide an early warning for the occurrence of
heat-generating chemical and biological reactions in the drums, enabling actions to
be taken before self-heating at low temperatures triggers a runaway exothermic
reaction at higher temperatures. The study conclusions are summarized below.

1.

2.

The headspace gas concentrations are consistent with a description
consisting of the combination of a radiolysis mechanism for hydrogen gas
generation and low-level, temperature-dependent chemical reactions such as
oxidation for the generation of other gases such as carbon dioxide and
nitrous oxide. Many of the SWBs have low levels of reaction product gases,
whereas a subset exhibit higher concentrations indicative of somewhat
higher levels of reactivity. The ratios of gases within the drum for the SWBs
with the highest gas concentrations exhibited a similar characteristic
signature, but with variability from drum to drum.

A simple mathematical and numerical model of the headspace gas behavior
provides a plausible description of the long-term variations of concentrations
of gases such as carbon dioxide and nitrous oxide in the SWB headspace. The
model balances a gas generation source term from reactions in the RNS drum
with mixing from the outside atmospheric air due to ventilation of the SWB.
Excellent fits to the concentration data for Drum 68685 (a sibling to the
drum that breached in WIPP) were obtained throughout the entire time
period since the RNS drum was placed within the SWB in May of 2014.

The model results for Drum 68685 suggest a low level of chemical reaction
within the RNS waste drum. Gas generation rates due to reaction are
predicted to be a minute fraction of the ventilation rates into and out of the
SWB, and calculated heat generation rates for a reasonable postulated
reaction (oxidation of Swheat, which appears to have the correct
stoichiometry based on the simultaneous fit to the carbon dioxide and
nitrous oxide data) are also very low, nominally 1 W or less for the drum. If
other reactions are occurring, these could also generate heat, but if they also
generate carbon dioxide, this should have been reflected in the form of
higher concentrations. Therefore, the level of carbon dioxide in the drums
appears to provide a bound on the level of reactivity and heat generation;
this bound is very low from a thermal perspective. Investigations should
focus on the potential for reactions not involving the generation of carbon
dioxide to attempt to identify other important reactions not reflected in the
headspace gas data.
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4. The reaction rates exhibit a significant temperature dependence, which
explains the higher concentrations of carbon dioxide and other gases in the
SWB headspace in the summertime compared to the winter. A model
reaction exhibiting an Arrhenius temperature dependence was employed in
the model. Calibrations to the data led to values of 15-20 kcal/mol for the
activation energy. This range is well within the 10-30 kcal/mol range
suggested by Clark and Funk (2015) for such reactions. The low level of
reactivity also implies that at these rates, reactants will not be depleted for
many years, and that the pattern of higher concentrations under the
summertime temperature conditions will repeat itself this summer in a
predictable manner. This prediction constitutes a blind test of the validity of
the model.

5. Uncertainties in the model have been evaluated to estimate how tightly the
model bounds parameters like heat generation rates, given the lack of perfect
information on temperatures, available gas volumes inside the SWB and
internal drums, and ventilation rates. Reaction and heat generation rates are
unlikely to be more than about a factor of two higher than the rates cited
above that were derived from the data fit. Other parameter combinations
that would lead to higher rates produce simulations that begin to deviate
significantly from the observed data.

6. The model could be applied to the data from other SWBs containing the
LANL RNS wastes, but this study focused principally on Drum 68685. It is
likely that different reaction rates and ventilation rates would be required to
simulate other drums, which points to the uniqueness of each drum as a
separate system. Notably, all seven of the drums being subjected to daily
headspace gas sampling appear to have characteristic behavior similar to
that of 68685: higher concentrations of carbon dioxide and other headspace
gases than the other drums, and temperature dependence of the
concentrations.

7. The drums are currently under temperature control within the Permacon,
but there have also been efforts to study the possibility of enhancing the
ability to keep the drums cooler throughout the year, including in the
summer months. Simulations were performed to examine the effect of these
actions on reaction rates. As expected, the model predicts reaction rates and
gas concentrations in the SWB headspace to be lower for lower
temperatures. As a defense-in-depth measure, temperature control seems
prudent. However, recalling that even under the current level of temperature
control, gas generation rates are low, it is unlikely that this additional
curtailing of the concentrations represents a meaningful additional factor of
safety over an already safe storage condition. Moreover, if cooling is achieved
by placing the drums in a refrigerator, ventilation conditions will also be
affected, which would likely result in added uncertainty in the interpretation
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of concentration values, and thus added complexity to the technical
arguments supporting the efficacy of the cooling measures taken.

Scenarios developed to examine the response of SWB headspace gases to
abrupt changes in reactivity suggest that concentrations are a very sensitive
means for observing such changes. In a simulation postulating a rise in
temperature within an RNS waste drum of 1 °C per day (presumed to be
undetected by measurements on the outside of the SWB), the model suggests
that within about five days, the headspace gases would deviate enough from
their current state to provide a high likelihood that this off-normal condition
would be detected. Even if one assumes conservatively that this time is 10
days, the RNS waste temperature would still be well below the temperature
specified by Clark and Funk (2015) and SRNL (2015) as the onset
temperature for runaway exothermic reactions for this waste. Further work
should be performed to solidify this conclusion by considering issues of
detectability of deviations, given that the data are not perfectly smooth, and
to make sure that additional drums beyond the seven receiving daily
sampling are monitored more frequently for purposes of detecting incipient
chemical reactions that might be the precursor of thermal runaway
conditions.
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Appendix 1. Analytical Solution and Test Cases for Numerical
Model

With a temperature-dependent reaction, as well as inlet and outlet flow rates that
are not necessarily equal, a numerical solution procedure was required to solve the
model equations. To verify the correct numerical implementation, an analytical
solution was developed under the more restrictive assumptions of constant
temperature and Q,,; = Q;,, that is, negligible contribution to the gas flow rates
from the generation of additional gases due to reaction.

Under those additional assumptions, Equation 1 reduces to:

dc X
TE:—C-FCM-FE (Al)

where T = V5. /0Q, Qis the gas flow rate in or out, and y is no longer temperature or
time dependent. The analytical solution to this equation is

C = Cint G+ (Co = Cin = e (A2)

Different combinations of the initial concentration, reaction rate, and 7 lead to
different transient concentration curves. Figure A-1 shows that the numerical model
closely matches the analytical solution for different combinations of these
parameters, thereby verifying the correct implementation of the model. Details of
the parameters used for these comparisons are provided in the spreadsheet “HSG
model.xIsx” that accompanies this report.

Figure A-1 Comparison of numerical model (curves) and analytical solution (points)
for four different combinations of parameters.
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