
 

 

IN THE UNITED STATES DISTRICT COURT  

FOR THE DISTRICT OF SOUTH CAROLINA 

AIKEN DIVISION 

 

SAVANNAH RIVER SITE WATCH,  ) CA: 1:21-cv-01942-MGL 
TOM CLEMENTS, THE )  
GULLAH/GEECHEE SEA ISLAND )  
COALITION, NUCLEAR WATCH NEW )  
MEXICO, and TRI-VALLEY )  
COMMUNITIES AGAINST A RADIOACTIVE 

ENVIRONMENT, 
) 
) 
) 

 

 )  
Plaintiffs, )  

 )  
v. )  

 )  
UNITED STATES DEPARTMENT OF )  
ENERGY, JENNIFER GRANHOLM, in )  
her official capacity as the Secretary, THE )  
NATIONAL NUCLEAR SECURITY )  
ADMINISTRATION and JILL HRUBY, )  
in her official capacity as the Administrator, )  

 )  

Defendants. ) 

SETTLEMENT AGREEMENT  

 This Settlement Agreement (“Agreement” or “Settlement Agreement”) is entered into by 

and between Plaintiffs Savannah River Site Watch, Tom Clements, The Gullah/Geechee Sea Island 

Coalition, Nuclear Watch New Mexico, and Tri-Valley Communities Against a Radioactive 

Environment, and Defendants United States Department of Energy (“DOE”), Jennifer Granholm, 

in her official capacity as the Secretary of Energy, the National Nuclear Security Administration 

(“NNSA”), and Jill Hruby, in her official capacity as the Administrator of the NNSA (collectively, 

the “Parties”) for the purpose of resolving this lawsuit without further judicial proceedings.   The 

Parties, by and through their undersigned counsel, state as follows: 
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 WHEREAS, DOE and NNSA are charged with maintaining and enhancing the safety, 

reliability, and performance of the U.S. nuclear stockpile, including the ability to design, produce, 

and test, in order to meet national security requirements. 50 U.S.C. § 2401(b)(2). This includes 

bearing the responsibility to produce plutonium pits.  50 U.S.C. § 2538a. 

WHEREAS, a plutonium pit (which principally contains plutonium and/or enriched 

uranium) is one of the critical components of every nuclear weapon in the United States and serves 

as the explosive core or primary that initiates thermonuclear fusion upon detonation. 

WHEREAS, DOE/NNSA authored the 2008 Final Complex Transformation Supplemental 

Programmatic Environmental Impact Statement (“2008 CT SPEIS”) to study the program-wide 

environmental effects of producing up to 200 pits per year at five different facilities, two of which 

were Los Alamos National Laboratory (“Los Alamos or LANL”) and Savannah River Site (“SRS” 

or “Savannah River”).  The 2008 CT SPEIS, 73 Fed. Reg. 77644 (Dec. 19, 2008), like prior 

National Environmental Policy Act (“NEPA”) analyses between 1999 and 2008, authorized 

production of up to 20 pits per year at Los Alamos.   

WHEREAS, the 2018 Nuclear Posture Review, which was drafted by the U.S. Department 

of Defense, concluded there was a need to increase pit production to maintain the existing nuclear 

arsenal and stated that NNSA should begin producing at least 80 plutonium pits per year beginning 

in 2030. 

WHEREAS, the Under Secretary of Defense for Acquisition and Sustainment and the 

NNSA Administrator issued a Joint Statement on May 10, 2018, describing NNSA’s recommended 

alternative to pursue a two-site approach to manufacturing plutonium pits—(1) to produce a 

minimum of 50 pits per year at SRS and (2) to produce a minimum of 30 pits per year at Los 

Alamos.  Beginning in October 2018, Plaintiffs wrote to NNSA five times asserting that the agency 
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was required under NEPA to conduct a new programmatic environmental impact statement for 

expanded plutonium pit production. 

WHEREAS, in early 2019, Congress passed the John S. McCain National Defense 

Authorization Act for Fiscal Year of 2019, which required Los Alamos to produce a minimum of 

30 pits per year and to implement surge efforts to exceed 30 pits per year.  Pub. L. No. 115-232. 

Later in 2019, Congress passed the National Defense Authorization Act for Fiscal Year 2020, in 

the interest of national defense, which modified § 4219 of the Atomic Energy Defense Act by 

requiring DOE/NNSA to produce not less than 80 war reserve plutonium pits per year beginning 

in 2030.  Pub. L. No. 116–92, 133 Stat. 1952 (2019). Neither the John S. McCain National Defense 

Authorization Act for Fiscal Year of 2019 nor the National Defense Authorization Act for Fiscal 

Year 2020 mandated production of plutonium pits at Savannah River. 

WHEREAS, in 2019, DOE/NNSA prepared the Supplement Analysis of the Complex 

Transformation Supplemental Programmatic Environmental Impact Statement (“2019 SPEIS 

SA”) to evaluate, at a programmatic level, the sufficiency of prior environmental analyses that had 

previously examined the environmental effects of producing pits at Los Alamos or Savannah River.  

The purpose of the 2019 SPEIS SA was to determine whether the environmental impacts of 

producing a minimum of 30 pits per year at Los Alamos and a minimum of 50 pits per year at 

Savannah River, to meet the legally required rate of no fewer than 80 pits per year, would be less 

than the impacts of producing 125 to 200 pits per year at a single location as had been previously 

evaluated in the 2008 CT SPEIS.   

WHEREAS, Plaintiffs SRS Watch, Nuclear Watch New Mexico and Tri-Valley CAREs 

submitted comments on the draft 2019 SPEIS SA, asserting that NNSA was required under NEPA 
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to complete a new and full programmatic environmental impact statement for simultaneous 

plutonium pit production at two sites. 

WHEREAS, on September 2nd, 2020, DOE/NNSA concurrently issued two records of 

decision: 

• An Amended Record of Decision (“AROD”) for the 2008 CT SPEIS (“SPEIS AROD 

1”), see Amended Record of Decision for the Complex Transformation Supplemental 

Programmatic Environmental Impact Statement, 85 Fed. Reg. 54550 (Sept. 2, 2020); 

and,  

• An AROD for the 2008 LANL SWEIS.  See Amended Record of Decision for the Site-

Wide Environmental Impact Statement for the Continued Operation of Los Alamos 

National Laboratory, Los Alamos, NM, (“LANL AROD”) 85 Fed. Reg. 54544 (Sept. 

2, 2020). 

Both the SPEIS AROD 1 and the LANL AROD authorized the production of 30 pits per year (with 

additional surge capacity) at Los Alamos.   

 WHEREAS, in September 2020, NNSA issued the 2020 Final Environmental Impact 

Statement for Plutonium Pit Production at the Savannah River in South Carolina (“2020 Savannah 

River EIS”), which studied the impacts of producing 50 pits per year (with additional surge 

capacity) at Savannah River.   

 WHEREAS, Plaintiffs SRS Watch, Nuclear Watch New Mexico and Tri-Valley CAREs 

submitted comments on the draft 2020 Savannah River EIS, asserting again that NNSA was 

required under NEPA to complete a new and full programmatic environmental impact statement 

for simultaneous plutonium pit production at two sites 

1:21-cv-01942-MGL       Date Filed 01/16/25      Entry Number 226-1       Page 4 of 125



 

 

 WHEREAS, on November 5th, 2020, DOE/NNSA concurrently issued two more records 

of decisions— a second Amended Record of Decision for the Complex Transformation 

Supplemental Programmatic Environmental Impact Statement, 85 Fed. Reg. 70598 (Nov. 5, 2020), 

and the Record of Decision for Final Environmental Impact Statement (EIS) for Plutonium Pit 

Production at Savannah River  in South Carolina, 85 Fed. Reg. 70601 (Nov. 5, 2020), both of 

which authorized the production of 50 pits per year (with additional surge capacity) at Savannah 

River.   

WHEREAS, Plaintiffs filed a Complaint on June 29, 2021, and filed an Amended 

Complaint on July 11, 2022.  Plaintiffs challenge, among other things, the DOE’s and NNSA’s 

decision not to prepare a new or supplemental PEIS pursuant to NEPA, 42 U.S.C. §§ 4321-4370, 

before deciding to produce plutonium pits at a second location—namely, Savannah River.  

 WHEREAS, Defendants deny any violations of law. 

 WHEREAS, the Court, in its Memorandum Opinion, ECF No. 208, found in favor of 

Plaintiffs as to Count One.  Specifically, the Court found that the DOE and NNSA violated NEPA 

by failing to sufficiently evaluate the programmatic (as opposed to site-specific) environmental 

impacts of producing pits at a second location and by failing to consider reasonable alternatives 

for pit production locations.  The Court dismissed Plaintiffs’ claims in Counts Two through Five 

without prejudice and ordered the Parties to negotiate a compromise remedy to resolve the 

aforementioned NEPA violations.  

 WHEREAS, in light of the Court’s order directing the Parties to negotiate a compromise 

remedy, the Parties, through their authorized representatives, and without any admission or further 

adjudication of the issues of fact or law, have reached an agreement to resolve this litigation in 

accordance with the terms set forth in this Settlement Agreement. 
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 WHEREAS, the terms of this Settlement Agreement address Plaintiffs’ concern that no 

nuclear pits should be produced at Savannah River until a new PEIS and Record of Decision 

(“ROD”) is completed, while also addressing Defendants’ concern, as evidenced by the 

Declarations of General Anthony Cotton, Administrator Jill Hruby, and Deputy Administrator 

Marvin Adams (attached, respectively, as Exhibits 1, 2, and 3 to this Agreement), that halting the 

pit production mission would likely pose grave risks to national security. Plaintiffs disagree with 

Defendants’ national security concerns, as evidenced by the Declarations of Dylan K. Spaulding, 

Ph.D. and James J. Coghlan, attached hereto as Exhibits 4 and 5 to this Agreement.  The Parties 

have agreed to attach these declarations for the sole purpose of memorializing their respective 

positions.  

 NOW, THEREFORE, the Parties hereby agree as follows: 

1. The DOE and the NNSA will conduct a new PEIS to address all of the 

deficiencies identified by the Court.   

2. DOE and NNSA agree to complete the PEIS and issue a new ROD within 2.5 years 

of the Court’s entry of a final order or the Parties’ executing a settlement agreement, 

whichever comes first. 

 

3.  DOE and NNSA agree to make reference materials that are publicly available and 

cited in the draft PEIS available via hyperlink references but will only do so once 

in a reference index included in the draft PEIS. DOE and NNSA do not agree to 

provide hyperlinks to documents that are cited within a referenced document. 

 

4. DOE and NNSA agree to publish scoping information for the PEIS and hold public 

scoping meeting(s).   

 

5. DOE and NNSA agree to allow forty-five (45) days for a public comment period 

that will commence after the final public scoping meeting. 

 

6. DOE and NNSA agree to extend the public comment period on the draft PEIS from 

45 days to 90 days. 

 

7. DOE and NNSA agree to hold multiple public meetings on the draft PEIS at Aiken, 

SC; Kansas City, MO; Livermore, CA; Santa Fe (or Los Alamos), NM; Washington 

DC; and any other location deemed relevant to the PEIS by DOE and NNSA. 
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8. DOE and NNSA agree not to introduce or process any nuclear material in the Main 

Processing Building at the Savannah River Plutonium Processing Facility 

(“SRPPF”) until the new PEIS is finalized and a new ROD is published.  

 

9. DOE and NNSA also agree to the following terms: 

 

A. Until the PEIS is complete and a ROD is issued, NNSA will not install 

classified equipment into the Main Process Building.  

 

a. NNSA may procure and store classified equipment on-site or at an 

appropriate location. 

 

B. Until the PEIS is complete and a ROD is issued, NNSA will not start field 

construction of the Waste Storage RCRA Waste/DOT Inspection Station.  

 

a. NNSA can proceed with installing a mudmat and running underground 

utilities up to the area where the facility will be constructed.  NNSA can 

also continue with the design and purchase of material, equipment, and 

components needed to start field installation, including any fabrication 

supported by the design documents. 

 

C. Until the PEIS is complete and a ROD is issued, NNSA will not start 

constructing the Waste Characterization Lab in the former Waste 

Solidification Building. 

  

a. NNSA can complete design and procure all components/materials 

needed for construction. 

 

D. If the PEIS is not complete and the new ROD has not issued by June 1, 

2028, NNSA will not start construction, or if construction has already 

started NNSA will cease construction on the Construction Maintenance 

Building.  

 

E. If the PEIS is not complete and the new ROD has not issued by June 1, 

2028, NNSA will not construct or will cease construction on the Vehicle 

Entry Control Facility.   

 

a. NNSA can still run above ground and underground utilities and install 

the mudmat for the Vehicle Entry Control Facility.  

 

10. The Parties agree that any compromise is based on the law as it exists on the date 

of execution and that this Agreement may be superseded by future Acts of 

Congress. 
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11. The Parties agree that they shall participate in annual meetings at a location to be 

determined by the NNSA site counsel at the Savannah River facility until a new 

ROD is issued.  

 

(a) Plaintiffs may bring up to two representatives and an additional two consultants 

(for a total of four people) to the annual meetings.  

  

i. Any consultant must: 

 

a. only be present to advise Plaintiffs;  

 

b. be a U.S. citizen; and  

 

c. be subject to the ultimate approval of DOE or NNSA after 

Plaintiffs present the requisite background information for said 

consultant necessary for site access. 

 

12.  The Parties further agree that at each annual meeting, upon Plaintiffs’ request, 

Plaintiffs will receive a tour of the building currently known as the Mixed Oxide 

Fuel Fabrication Facility (“MOX”)—that will become the Main Processing 

Building.  The Parties’ agreement about annual tours is subject to this limitation: 

 

a. Once the MOX/Main Processing Building becomes classified—as 

determined by the relevant government agencies, including DOE and 

NNSA—Plaintiffs, who do not have the requisite security clearances to 

observe a classified space, can no longer enter the MOX/Main 

Processing Building.  

  

i. If the MOX/Main Processing Building becomes classified, site 

counsel for Savannah River will provide declarations every six 

months that explain whether DOE/NNSA’s activities occurring 

in the MOX/Main Processing Building are in compliance with 

this Settlement Agreement in lieu of the annual tour.  

 

13. The Parties agree to file this Agreement as an exhibit to a joint motion to dismiss 

the Plaintiffs’ Amended Complaint, pursuant to Fed. R. Civ. P. 41(a)(2), with 

prejudice.   

 

14. That joint motion to dismiss shall request that the Court retain jurisdiction for the 

sole purpose of resolving disputes over compliance with the terms of this 

Agreement.  This Agreement is conditioned on the Court entering an order: (a) 

dismissing Plaintiffs’ claims with prejudice; and (b) retaining jurisdiction to 

resolve disputes over compliance with the terms of this Agreement.  The Parties, 

however, will not request that the Court approve the Agreement or that the Court 

enter this Agreement as a stipulated order or judgment.   
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15. The sole remedy available to the Parties in the event of a finding of non-

compliance is an order compelling compliance. 

 

16. Before moving to enforce this Settlement Agreement, the moving party shall 

provide thirty (30) days’ notice of any asserted non-compliance in writing and 

shall engage in good faith negotiations to resolve the dispute. 

 

17. This Settlement Agreement shall not be enforceable through a proceeding for 

contempt of Court. 

 

18. This Agreement constitutes the Parties’ complete and final resolution of all legal, 

equitable, and administrative claims arising out of the following Records of 

Decision—85 Fed. Reg. 54550 (Sept. 2, 2020); 85 Fed. Reg. 54544 (Sept. 2, 

2020); 85 Fed. Reg. 70598 (Nov. 5, 2020); and 85 Fed. Reg. 70601 (Nov. 5, 

2020).  Plaintiffs and their respective members, successors, and assigns hereby 

unconditionally and irrevocably release, waive, covenant not to sue, and forever 

discharge Defendants (including its past, present, and future officers, agents, and 

affiliates) from  claims, causes of action, demands, suits, judgments, liabilities, 

fees, interests, or obligation, whether known or unknown, foreseen or unforeseen, 

disclosed or undisclosed, or presently asserted or otherwise, with the exception of 

any claims for attorneys’ fees and costs arising out of this lawsuit, which will be 

separately resolved by the parties or by the Court.  

 

19.  The Parties acknowledge that nothing in this Agreement limits Plaintiffs’ rights to 

challenge subsequent agency actions, including new NEPA analyses and/or 

decision(s), in a separate administrative or judicial action including, but not 

limited to, the judicial review provisions of the Administrative Procedure Act, 5 

U.S.C. §§ 701-706, and that nothing in this Agreement limits DOE’s or NNSA’s 

rights to assert any applicable defenses.   

 

20.  This Settlement Agreement contains all of the agreements between Plaintiffs and 

Defendants and is intended to be and is the final and sole agreement between the 

Parties concerning the complete and final resolution of Plaintiffs’ claims in the 

above-captioned case.  Plaintiffs and Defendants agree that any prior or 

contemporaneous representations or understanding not explicitly contained in this 

Settlement Agreement, whether written or oral, are of no further legal or equitable 

force or effect.  Any subsequent modifications to this Settlement Agreement must 

be in writing and must be signed and executed by all Parties to this Settlement 

Agreement. 

 

21. This Settlement Agreement represents the entirety of the undersigned Parties’ 

commitments regarding settlement. Except as expressly provided herein, none of 

the Parties waive or relinquish any legal rights, claims, or defenses they may 

have.  

 

22.    Nothing in this Settlement Agreement shall be interpreted as, or shall constitute, a 
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EXHIBIT 1 
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EXHIBIT 2 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF SOUTH CAROLINA 

AIKEN DIVISION 
       
 
SAVANNAH RIVER SITE WATCH, TOM  ) No. 1:21-cv-01942-MGL 
CLEMENTS, THE GULLAH/GEECHEE SEA  ) 
ISLAND COALITION, NUCLEAR WATCH ) 
NEW MEXICO, and TRI-VALLEY    )  
COMMUNITIES AGAINST A RADIOACTIVE ) 
ENVIRONMENT,     ) 
       )  
    Plaintiffs,  ) 
v.       ) DECLARATION OF 
       ) JAMES J. COGHLAN 
UNITED STATES DEPARTMENT OF   ) 
ENERGY, JENNIFER GRANHOLM, in her  ) 
official capacity as the Secretary, THE  ) 
NATIONAL NUCLEAR SECURITY  ) 
ADMINISTRATION, and JILL HRUBY,   ) 
Administrator,      )  
       ) 
    Defendants.  ) 
_________________________________________ ) 
 

I, James J. Coghlan, make the following Declaration pursuant to the provisions of 28 

U.S.C. § 1746 which is based upon my personal knowledge: 

1. I am the authorized representative and Executive Director for the nonprofit organization 

Nuclear Watch New Mexico, one of the co-plaintiffs in this litigation. Nuclear Watch’s 

mission statement and my extensive experience in National Environmental Policy Act 

(NEPA) issues involving the Department of Energy (DOE) and its semi-autonomous 

nuclear weapons agency, the National Nuclear Security Administration (NNSA), were 

previously discussed in my April 26, 2024 declaration.  

2. I am professionally familiar with DOE’s long history of chronic noncompliance with 

NEPA for programs that involve critical public safety and environmental protection issues 

and huge taxpayer costs. In October 1990, the Natural Resources Defense Council, a public 
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interest nonprofit organization, secured a court order which required DOE to complete 

programmatic environmental impact statements on 1) its proposed reconfiguration of its 

nuclear weapons complex; and 2) related waste management and environmental 

restoration. Exhibit 1, NRDC v. James D. Watkins, Secretary, USDOE, Civil Action No. 

89-1835 SS. In defiance of that court order, DOE never completed a PEIS on its proposed 

reconfiguration of its nuclear weapons complex until pre-litigation negotiations in 1995 

that I was involved in compelled it to do so. See ¶5, infra.  

3. Similarly, DOE never completed a PEIS on waste management and environmental 

restoration. Instead, in a December 1998 Court Stipulation and Order, DOE agreed to a 

public “Central Internet Database” that would track its nation-wide shipments of 

radioactive wastes. Exhibit 2, Joint Stipulation and (Proposed) Order, NRDC v. Bill 

Richardson, Secretary, USDOE, Civ. No. 97-936 SS. However, contrary to that court 

order, DOE never completed the Central Internet Database. Nor did DOE ever complete a 

PEIS on nation-wide environmental restoration of Cold War legacy wastes, the largest 

cleanup program in human history.1 In sum, DOE has a long and serious history of illegal, 

chronic noncompliance with the National Environmental Policy Act.  

4. The very first NEPA lawsuit2 that I was a party to is relevant to the remedies under 

consideration here. It included a request for injunctive relief because of DOE’s failure to 

prepare an environmental impact statement for the Dual-Axis Radiographic Hydrodynamic 

Testing Facility (DARHT) at the Los Alamos National Laboratory (LANL). DARHT uses 

two powerful x-rays to radiograph explosive “full-scale mockups of the events that trigger 

 
1  According to the Government Accountability Office, DOE has spent over $215 billion since 
1989, with future estimated costs of $675 billion or more. Nuclear Waste Cleanup: Closer 
Alignment with Leading Practices Needed to Improve Department of Energy Program 
Management, GAO, June 2024, https://www.gao.gov/products/gao-24-105975 
2  LASG, et al vs. DOE, District of New Mexico, Civil Action No. 94-1306 M 
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the nuclear detonation."3 Despite the fact that DARHT would explosively test hazardous 

materials in the open air, DOE had given it a Categorical Exemption circumventing the 

public’s legal right under NEPA for review and comment.  

5. At the time I was working for Concerned Citizens for Nuclear Safety (CCNS) based in 

Santa Fe, NM, which was a co-plaintiff in the DARHT lawsuit. I was personally involved 

in pre-litigation negotiations in which DOE agreed to complete a Stockpile Stewardship 

and Management (SSM) Programmatic Environmental Impact Statement (PEIS). 

Significantly, it is the original PEIS that remains relevant to this case today.  

6. DOE also agreed in pre-litigation negotiations to prepare an environmental impact 

statement (EIS) for DARHT. However, DOE refused to halt construction while completing 

the EIS, making the illogical if not illegal claim that continuing construction would not 

prejudice its Record of Decision to finish and operate the facility. Accordingly, as a co-

plaintiff, Concerned Citizens for Nuclear Safety filed suit on November 16, 1994. 

7. In resisting the injunction.  DOE claimed national security concerns should allow 

construction to continue:  

Given the current environment, including most importantly both the absence of 
underground testing and the ongoing negotiations for a Comprehensive Test Ban 
Treaty (CTBT), the development of nonnuclear capabilities for ensuring reliability 
of the current weapons stockpile is absolutely essential... DARHT would provide 
the hydrodynamic testing capabilities needed for accurately assessing reliability, 
safety and performance of the Nation’s nuclear weapons stockpile.4 

 
8. Judge Edwin Mecham rejected this argument and granted injunctive relief reasoning as 

follows: 

I find that the delay associated with completing an EIS will not endanger national 
security to a degree that would prevent the dispensing of injunctive relief... Ample 

 
3  DARHT Delivers, LANL, April 2007, https://cdn.lanl.gov/files/april2007_76c25.pdf 
4  Defendants’ Opposition to Plaintiffs’ Motion for Preliminary Injunction, LASG et al vs. DOE, 
District of New Mexico, 94-1306 M, November 30, 1994. The U.S. signed the CTBT but the 
Senate did not ratify it.  
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evidence points to the fact that the existing nuclear stockpile is, at this time, safe 
and reliable... DOE has not presented to the court with [sic] enough evidence 
amounting to a reason to fear that the delay has threatened or will threaten national 
security...  Because compliance with NEPA is an obligation an agency is assumed 
to be aware of, delay associated with preparing an EIS cannot be considered an 
unforeseen setback... The fact that construction of the housing facility [for 
DARHT] is almost one-quarter complete and the procurement stage well on its way 
to being half done, is not enough of a reason in itself to support a denial of an 
injunction... I find that the balance of harms favors the plaintiffs. A comparatively 
short delay for the purpose of ensuring that environmental consequences have been 
properly assessed does not create a state of urgency constituting a threat to national 
security... Public interest “of the highest order” is served by “having government 
officials act in accordance with the law.” Public Service, 825 F. Supp. at 1509... 
Therefore, issuance of an injunction would not be adverse to the public interest. 
  

Exhibit 3, Memorandum Opinion and Order, U.S. District Court of New Mexico, Civil 
Action No. 94-1306-M, January 26, 1995.  

 
9. The “comparatively short delay” transpired as follows:  DOE published a Notice of Intent 

in the Federal Register for the SSM PEIS on June 14, 1995. The scope of the SSM PEIS 

was very broad, analyzing proposed experimental facilities, the multi-billion dollar 

National Ignition Facility, high explosives fabrication, the production of highly enriched 

uranium secondaries, nuclear weapons assembly/disassembly, nonnuclear components 

fabrication, and pit production. On December 26, 1996, DOE issued a Record of Decision 

for the SSM PEIS, including “reestablish[ing] the pit fabrication capability, at a small 

capacity, at LANL,” thereby transferring the mission from the Rocky Flats Plant which 

ceased operations after a 1989 FBI raid investigating environmental crimes.5 A subsequent 

 
5  Ultimately the Rockwell Corporation, DOE’s Rocky Flats Plant management contractor, pled 
guilty to ten environmental crimes and paid an 18.5 million dollar fine to the government, at the 
time a record penalty. However, this followed the sealing of the grand jury report by the 
Department of Justice, which was then leaked to a local newspaper. According to subsequent 
publications, the Rocky Flats special grand jury had indicted three DOE officials and five 
Rockwell employees with environmental crimes. The grand jury also wrote a public report 
pillorying the DOE and Rocky Flats contractors for "engaging in a continuing campaign of 
distraction, deception and dishonesty." http://archive.boulderweekly.com/010605/coverstory.html 
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September 20, 1999 Record of Decision for a new LANL Site-Wide Environmental Impact 

Statement (SWEIS) explicitly limited pit production to 20 pits per year.6  

10. Concerning Defendants’ potential resistance to injunctive relief by claiming that such relief 

would be contrary to national security, it should be noted that NNSA’s contemplated future 

pit production is not to maintain the safety and reliability of the existing, extensively tested 

nuclear weapons stockpile. Instead, it is for new-design nuclear weapons (specifically 

NNSA’s proposed W87-1 and W93 warheads) that can’t be tested because of the 

international testing moratorium, or conversely could prompt the U.S. to resume testing, 

which would likely have severely negative global proliferation consequences.7 Any narrow 

injunctive relief while NNSA completes a new supplemental PEIS on pit production is 

highly unlikely to degrade national security because the existing nuclear weapons stockpile 

will not be affected.  

11. As Executive Director of Nuclear Watch New Mexico I routinely review and am familiar 

with annual Congressional Budget Requests for DOE projects, particularly at the Los 

Alamos National Laboratory.  

12. The “30 Reliable Equipment Installation (30R) Subproject (21-D-512-03)” was included 

in DOE’s Congressional Budget Request for the federal fiscal year 2025 (which began 

this October 1, 2024). The purpose of this Subproject is expressly intended to “expand[] 

the capability and capacity to provide 30 war reserve pits per year to the stockpile at a 

90% confidence using a single shift.”  Exhibit 4, Excerpt DOE Budget Request Fiscal 

 
6  https://www.energy.gov/sites/prod/files/nepapub/nepa_documents/RedDont/EIS-0238-ROD-
1999.pdf 
7 A former national security advisor to newly elected President Trump has previously declared 
“Washington must test new nuclear weapons for reliability and safety in the real world for the first 
time since 1992—not just by using computer models.” See The Return of Peace Through Strength, 
Robert O’Brian, Foreign Affairs, June 18, 2024, https://www.foreignaffairs.com/united-
states/return-peace-strength-trump-obrien 
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Year 2025 at p. 236. I believe that narrowly tailored enjoinment of just the 30R 

Subproject for the LANL portion of NNSA’s two-site strategy would comport with the 

Court’s finding that NNSA has violated NEPA by not undertaking a proper alternatives 

analysis given the change in need and purpose and changed circumstances since the 2008 

CT SPEIS. ECF No. 208 at pp. 7-12. 

13. In my experience, NEPA reviews and the public participation they mandate aren’t just 

paper exercises for federal agencies to just check off. Instead, they result in tangible, real 

benefits for both the public and the government. For example, after completing its 

environmental impact statement, DOE’s October 16, 1995 DARHT Record of Decision 

required the phase-in of steel containment vessels for most explosive tests in order to 

prevent environmental contamination and better protect human health. 

14. Another pertinent example of tangible benefits from NEPA processes is the 1999 LANL 

Site-Wide Environmental Impact Statement (SWEIS). I submitted formal comment on the 

draft SWEIS pointing out that DOE had not analyzed the very real risk of wildfire. To 

DOE’s credit, the final LANL SWEIS included a detailed hypothetical wildfire that became 

all too real a half year later during the catastrophic 2000 Cerro Grande Fire. That 

hypothetical scenario helped to convince Lab leadership to order mandatory evacuation of 

all but essential personnel. Mitigation provisions in the SWEIS Record of Decision 

included wildfire measures that helped to prevent the Cerro Grande Fire from reaching 

plutonium-contaminated transuranic wastes stored above-ground at the Lab’s Area G. It 

could have been catastrophic had the radioactive wastes drums ruptured due to high heat.  

15. Even LANL recognized that public comment helped to avert potential catastrophe, writing:  

Environmental Impact Statements, in particular, seem to some people to be a costly 
paper exercise: Before you - the great public "jury" - decide what you think, listen 
to the story of the 1999 Site-Wide Environmental Impact Statement (SWEIS)... It 
is a story of an EIS process, of helpful public comments, of a timely response ...  
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Human and Environmental Impacts 
of Pit Production 

Dylan Spaulding  
Senior scientist, Global Security Program, Union of Concerned Scientists 
 
“We’re still cleaning up the legacy mess that we made by working the way we did.”  – Robert 
Webster, Los Alamos Deputy Director for Weapons in Time Magazine, July, 2023 
 
"If there is no ‘‘after’’ to nuclear contamination, and no place on Earth beyond its reach, what 
does it mean to remediate this space?" – Shannon Cram, from Becoming Jane: The making and 
unmaking of Hanford’s nuclear body, 2015 

Introduction 

The impacts of renewed plutonium pit production as well as manufacture of new warheads 
have implications far beyond the fences of the national labs and production sites where the 
work will take place. Undertakings of such magnitude reverberate throughout local areas in 
myriad ways, often as invisible costs borne by workers and communities in the form of 
environmental, economic, and health impacts that may outlast the program with which they 
are associated.  

While practices for handling plutonium have changed with time, the harmful aftermath of past 
plutonium work still haunts nearly every site that was previously involved in such work while 
the present-day risks remain poorly understood or overlooked outside of the national 
laboratories. Today, the national laboratories apply improved practices to minimize human 
risk but humans ultimately remain fallible and where there are severe hazards there are also 
severe risks.  

This work calls attention to the human context surrounding renewed pit production in hopes 
of highlighting the critical role of protective measures, adequate and inclusive environmental 
analyses, and sound engineering and work practices for protecting people. The historical 
context of the production sites at Los Alamos and Savannah River carries relevance that 
should not be overlooked as frontline communities have historically suffered from the 
inadequacy of such measures in the past, leading to a legacy of contamination and health 
effects still felt today.  

To understand the potential risks, we must understand the populations who face the highest 
danger, the health effects and mobility of plutonium, methods of mitigation, as well as the 
broader social and economic impacts that surrounding communities can expect from the 
proposed activity. 
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The Legacy of Cold War Plutonium: Environmental and Human Costs 

The two proposed sites for resumed pit production are vastly different from one another, 
geographically, culturally, and demographically. As a result, the impacts on neighboring 
communities, infrastructure, and workforce are site-specific and wide-ranging. 

LOS ALAMOS, NM 

Los Alamos National Lab (LANL) is located in north-central New Mexico, approximately 25 
miles to the north-west of Sante Fe and consists of numerous ‘technical areas’ that span 
roughly 40 square miles and include 900 individual facilities (LANL 2024). The lab is perched 
on the side of the Jemez caldera and built atop the volcanic Pajarito plateau, cut by deep 
canyons containing seasonal streams that drain to the Rio Grande River.  
 

Figure 1 Geographic Context for Los Alamos National Laboratory 

 

Los Alamos (highlighted in red) is surrounded by the federally-recognized Pueblos of Po-Woh-Geh-
Owingeh (San Ildefonso) and Kah'p'oo Owingeh (Santa Clara). The community of White Rock (pop. 
5,800) houses many lab employees, as does Espanola (pop. 10,500), to the north. Source: Google Earth.  
SOURCE(S):  Modified from Google Earth, 2024 (Spaulding/UCS) 

The laboratory and town of Los Alamos comprise their own county (incorporated in 1949) 
consisting predominantly of federally-owned land. Perched on mesa-tops, the unique 
geography limits municipal expansion and, today, only about 35% of the lab’s workforce lives in 
Los Alamos County. Some 990,000 people live within 60 miles of the lab and approximately 65% 
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of the workforce commutes from surrounding communities in Rio Arriba, Sante Fe, and 
Sandoval counties (Connery, Roscetti, and Summers 2023).  
 
Demographically and culturally, Los Alamos county is exceptional compared to its 
surroundings. It is the most affluent county in the state of NM with a median income more 
than twice that of its neighbors (C. Clark 2023; Lerner 2017)). This is in stark contrast to 
neighboring Rio Arriba county which remains one of the poorest, with a poverty level twice 
the national average (US Census Bureau 2022). The median household incomes in Los Alamos 
and neighboring Rio Arriba counties are $135,801 and $52,031, respectively (“U.S. Census 
Bureau” 2024). Unlike most of the communities in and around the northern Rio Grande Valley, 
the population of Los Alamos is comprised mainly of non-Hispanic whites while Hispanic and 
Native American populations otherwise represent a cumulative majority statewide (US Census 
Bureau 2021).  
 
Ostensibly chosen during World War II for its remote nature, Los Alamos is in fact built upon 
land continuously inhabited by the Tewa tribes,  Po-Woh-Geh-Owingeh (San Ildefonso) and 
Kah'p'oo Owingeh (Santa Clara) for more than one thousand years prior to Spanish 
colonization of New Mexico. These Pueblo communities are amongst the longest continuously 
inhabited communities in the United States. Today, Los Alamos shares it’s eastern boundary 
with the Pueblo of Po-Woh-Geh-Owingeh and the community of White Rock, while the 
remaining perimeter abuts national forest or national monument land.  
 

THE ENVIRONMENTAL LEGACY OF HISTORICAL ACTIVITY AT LOS ALAMOS 

Research activities at LANL have historically left a heavy environmental and health burden on 
the region. The initial rush to complete the Manhattan Project (1942-1945), coupled with a 
relative ignorance of some of the health and safety risks associated with newly-produced fissile 
materials resulted in work practices that would be considered exceedingly reckless by today’s 
standards. In the post-war years and into the 1950’s, technology to monitor human and 
environmental exposure was relatively undeveloped and was used sporadically when it was 
available. Even as risks of radioactivity and associated health effects became better 
understood, work practices lead to many laboratory staff being exposed to radionuclides and 
other noxious chemicals, either through direct handling or accidental overexposure.  
 
Direct releases of hazardous materials to the environment were also common practice prior to 
the enactment of environmental regulations such as the Clean Air Act (1963) and the Clean 
Water Act (1972). Throughout the 1940’s and 1950’s, radioactive waste was often disposed of in 
canyons surrounding the research sites and airborne and waterborne releases were largely 
uncontrolled, resulting in direct environmental contamination and spread of contaminants to 
neighboring communities. 
 
The degree to which hazardous substances, including radioactive materials, were released 
from LANL is not fully known either because of the lack of monitoring or absence of early 
record-keeping, particularly during the Manhattan Project and post-war years. An extensive 
study was conducted on behalf of the Centers for Disease Control (CDC) to gather historical 
records from LANL and document or reconstruct past releases of radionuclides and chemicals 
from the lab’s inception through the 1990’s. The project was referred to as the “Los Alamos 
Historical Document Retrieval and Assessment” project, or “LAHDRA” report and it provided 
revised estimates of laboratory effluents (Widner 2010). 
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Figure 2 Past practices included waste discharge directly into the environment  

 

Left: Discharges of liquid radioactive waste in Acid Canyon, ca. Late 1940s; Right: Discharge of liquid 
waste to DP Canyon, ca. 1973. SOURCE(S):  Los Alamos National Laboratory, printed in (Widner 
2010) 

 
The LAHDRA study concluded that releases of plutonium were of greater concern over most of 
the lab’s history than other materials such as uranium or tritium. The authors concluded that 
airborne releases of plutonium were significantly higher than officially reported prior to 1970 
and that soil samples surrounding LANL may contain as much as 100 times more plutonium 
than previously estimated (Widner 2010). An earlier study estimated the airborne release of 
plutonium to be ~3.4 Curie (Ci), or about 30 times above the background expected from 
worldwide nuclear testing fallout (Franke et al. 2003).  
 
Buildings in which the first plutonium work was done (the D-building at TA-1) vented directly 
to the air and even maintained positive pressure internally, which would serve to expel 
radioactive contamination rather than contain it. From 1945 until 1978, plutonium work 
occurred at “DP site” (approximately 1.5 miles to the east of the original site at TA-1) and 
although filtering was employed, it is estimated that airborn releases from 1948-1955 alone 
were over 10-times the total reported by LANL for operations before 1973 (Widner 2010). The 
DP site was largely decommissioned by 1981, however there remain buried tanks containing 
aqueous plutonium residues, contaminated soil and waste disposal wells. (Dept of Energy 
2020) within 0.25 miles of residential and commercial property in Los Alamos. The western-
most edge of the site has recently been developed for residential housing.  
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Figure 3 Airborne releases of plutonium from LANL, 1945-1994 

 

Airborne releases of plutonium (in mCi/yr) were extraordinarily high throughout the early history of 
the laboratory. Laboratory estimates were shown to be systematically lower than those reconstructed 
from historical data. SOURCE:  (Franke et al. 2003) 

 
Research and development work on plutonium was of the highest priority at LANL, not just in 
the leadup to the use of the first plutonium implosion device over Nagasaki, but also in the 
post-war years as the US forged ahead with the ambition to develop a nuclear arsenal. As a 
result of the varied activity, plutonium was present in numerous facilities across the lab 
(contrary to today’s practice of strictly isolating plutonium work to dedicated facilities). This 
resulted in measurable contamination, particularly in the portions of LANL that were 
developed first and which are now part of the townsite outside the boundaries of the present-
day laboratory (see figure 6 – plutonium in and around Los Alamos).  
 
Other sources of significant radioactive contamination include outdoor explosive tests that 
employed radioactive lanthanum, referred to as “RaLa” experiments. LANL conducted 254 
such tests in Bayo Canyon to study implosion designs for weapons. These tests involved large 
quantities of high-explosives, spreading fallout regionally up to several miles (Dummer, 
Taschner, and Courtright 1996; Widner 2010). Today, there is residential development less 
than 0.5 miles from the former test site, which is also directly adjacent to San Ildefonso Pueblo 
Trust land. While the Department of Energy considers the site remediated and suitable for 
recreational use, they note that Strontium-90 (90Sr) will remain elevated through the year 2142 
(Dept of Energy 2018) and the site includes markers to indicate the presence of buried 
radioactive waste and discouraging excavation, though it is open for public recreational use. 

HUMAN IMPACTS FROM HISTORICAL ACTIVITY AT LOS ALAMOS 
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The degree to which these past activities have harmed workers and the public is only partially 
documented owing to incomplete records and monitoring. Significantly, there has been little 
attention to neighboring communities and Pueblos outside of Los Alamos county. Population 
studies are difficult because of the relatively small statistical sample compared to average 
incidence rates for various health outcomes, population mobility, and the fact that Los Alamos 
county is demographically unprepresentative of racial, ethnic and economic diversity present 
elsewhere in NM.  
 
Even within the laboratory, accurate analysis of historical occupational health is challenged by 
the fact that LANL was long divided between technical staff (predominantly white, anglo, and 
male) who were employees of the University of California (which ran LANL independently 
until 2006) and contract workers (called “Zia” workers) who provided maintenance, 
construction, and support services. Zia workers included a larger number of Hispanic and 
Native Americans. An analysis of one occupational health study at LANL by Wing and 
Richardson (Wing and Richardson 2003) found that records were available for 97% of UC 
employees but only 20% of the Zia workers. 
 
It is now established that past release of plutonium from LANL has had impacts on the general 
population, both in Los Alamos county and beyond. Autopsy results collected as part of the 
“Los Alamos Human Tissue Program” (McInroy 1995; Widner 2010; Gaffney et al. 2013) 
surveyed plutonium distribution in the bodies of more than 1000 employees known to have had 
occupational exposure as well as some members of the public. The latter were intended as 
both a control group and to assess expected biological background levels from atmospheric 
fallout as a result of nuclear testing. Controversy surrounds whether sampling for the study 
was performed with consent (McInroy 1995; Guzmán 2023a; Hughes et al. 1996). 
 
Significantly, the study documented the presence of plutonium in non-lab workers at elevated 
levels, particularly those living near the lab prior to 1955 (Gaffney et al. 2013). In at least one 
case, a woman living over 30 miles from LANL but whose husband worked as a janitor was 
discovered to have 60 times the average level of plutonium in her body compared to the 
statewide reference (Widner 2010; Guzmán 2023a).  
 
There is strong evidence that the cumulative exposure to materials present at LANL often 
manifest in elevated cancer rates. This has been established through monitoring of employees 
and Los Alamos county residents (US Dept of Energy 2003; Richards 2003). Table 5.X shows 
the levels of incidence and mortality reported for several types of cancer in county residents 
compared to the state reference population.  
 
It is evident that cancers of the breast, ovaries, prostate, testis and thyroid as well as melanoma 
and non-Hodgkin’s lymphoma have high incidence rates and often higher mortality compared 
to statewide levels. Some contributions to these rates, such as thyroid cancer incidence, 
remain poorly explained (US Dept of Energy 2003; Athas 1996). That cancer incidence and 
mortality remain elevated above statewide levels well after the peak of historical material 
release from LANL (when environmental regulations, improved work practices, and more 
thorough monitoring were in place) attests to the lasting risk from legacy activities as well as 
the potentially undocumented risk from present activities, however compounding factors are 
often hard to resolve in such studies. 
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Table 1: Cancer Incidence and Mortality Rates in Los Alamos County 
 

Type of Cancer 
Elevation in Incidence Rate* 
(1970-1996) 

Elevation in Mortality Rate*  
(1970-1996) 

Female Breast 50% 41% 

Melanoma 125% 63% 

Non-Hodgkin’s Lymphoma 48% 26% 

Ovarian 45% 27% 

Prostate  49% < state population 

Testicular 82% < state population 

Thyroid 106% < state population 

*Rates of incidence and mortality are for Los Alamos County residents compared to the New Mexico state 
reference population. Data is from Catherine M. Richards, “Cancer Incidence and Mortality in Los Alamos 
County and New Mexico, 1970-1996” (Richards 2003) 

 
 
Because of these documented past impacts, there remains a great deal of public concern over 
the potential for additional health impacts from the resumption of large-scale plutonium 
activities at LANL, despite the lab's assurances of improved procedures and safety culture. 

CUMULATIVE REGIONAL IMPACTS OF RENEWED PIT PRODUCTION 

While historical impacts linger in Los Alamos and surrounding communities, the current pit 
production effort is already making itself felt in the region in ways that go beyond human 
health. Pit production is one of the largest efforts undertaken in the history of the national lab 
and is already creating palpable ripples for the region's economy, infrastructure and 
transportation.  
 
Pit production has created a record demand for new staff, with 2500 new workers hired in 
2023 (Wyland 2024a). Most new employees are under the age of 35 and are encountering a 
saturated housing market (that is largely unable to expand due to Los Alamos's geography) 
with many homes priced at more than twice the state average. (“Laboratory Employee 
Demographics and Housing Demand Information for the Construction Industry” 2023; 
Nakhleh 2023). The result is a high number of commuting employees, some who come from 
more than 50 miles away, who are having a noticeable impact on rental markets and traffic on 
the few roads that lead to the lab. While LANL offers salaries well above the state average, the 
result for non-employees who do not receive such salaries is detrimental and perceived as a 
sort of 'technical gentrification' that actually exacerbates pre-existing economic inequality.  
 
Los Alamos contributes a substantial amount to the state's economy as a result of employee 
expenditures, by creating demand in the regional service industry, and from use of in-state 
vendors. This creates indirect support for more than 20,000 jobs outside the laboratory and 
contributes roughly $3B annually into the state economy. The University of New Mexico's 
Bureau of Business and Economic Research has pointed out, however, that these numbers 
don't tell the complete story. In the seven-county region surrounding Los Alamos, more money 
is spent on basic services to support LANL employees who reside there than the counties 
collect from taxes paid by those employees, resulting in a net loss for bedroom communities 
where many LANL workers live (Associated Press 2020; Montgomery 2020; Mitchell, Betak, 
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and Baca 2019). These basic services include things such as roads, parks, police and fire 
fighting. 
 
This mixed economic picture must also be considered in the context of socio-economic 
challenges that have long plagued New Mexico. According to the Annie E. Casey Foundation, 
New Mexico has ranked 49th or 50th for child well-being every year since 2012. In 2024, the 
state remains in last place for child well-being and is ranked 48th in economic well-being, 50th 
in education, 44th in health, and 49th in family and community (“2024 Kids Count Data Book: 
State Trends in Child Well-Being” 2024). These trends have persisted despite decades of 
defense spending contribution to the state's economy.   
 
Other impacts include required changes in infrastructure to support activities at the lab. LANL 
expects to reach capacity on existing power lines leading to the site as soon as 2026 and 
proposes installation of a 14 mile, 115 kV power line across protected wilderness outside of 
Sante Fe, known as the Caja del Rio (ExchangeMonitor 2024). Residents and members of 
nearby Pueblos are questioning whether the cultural and environmental impacts have been 
carefully studied and properly addressed (Dix 2024). Previous proposals for a road and bridge 
through the region (intended to alleviate regional traffic) were also met with vehement local 
opposition (“Caja Del Rio Campaign – New Mexico Wilderness Alliance,” n.d.; “Protect Caja 
Del Rio,” n.d.). 

SAVANNAH RIVER SITE, SC 

The Savannah River Site (SRS) is the second proposed site for plutonium pit production. The 
site is located along the Georgia-South Carolina border, approximately 20 miles southeast of 
Augusta, GA and covers more than 300 square miles (“SRS - Where We Are,” n.d.). The nearest 
residential area to the proposed site is Jackson, SC, 6.5 miles to the west-northwest. 690,000 
people live within 50 miles of the site (Connery, Roscetti, and Summers 2023). The 
demographics of Aiken and Barnwell counties, which SRS spans, are predominantly white and 
African American with median household incomes of $63,212 and $42,470 respectively (in 
2022 dollars)(US Census Bureau 2024).  

Activity at the site post-dates the Manhattan Project. Construction began in 1951 and the site 
was charged with producing plutonium for the growing nuclear arsenal (in parallel with the 
Hanford plant) from 1953 until 1988. Five reactors were operational at the site throughout the 
Cold War period, producing plutonium for pits manufactured at Rocky Flats as well as tritium 
(an isotope of hydrogen that is used to ‘boost’ the yield of nuclear weapons). The shutdown of 
Rocky Flats in 1989 along with the end of the Cold War, lead to the cessation of plutonium 
production at SRS by 1992. Tritium processing continues at SRS today at extraction facilities 
that treat irradiated fuel rods from the Tennesee Valley Authority’s Watts Barr Nuclear Plant. 
Because tritium has a short half life of only 12.3 years, the nuclear complex must maintain 
consistent production and handling capability for maintenance of the existing stockpile.  

More recently, SRS was to be the site of a Mixed Oxide (MOX) Fuel reprocessing facility. In 
something of a reversal of the original processes undertaken at Savannah River, the MOX 
facility would have transformed excess weapons-grade plutonium into reactor fuel for 
commercial energy production. Construction of the facility began in 2007 but was terminated 
in 2018 when it's projected construction cost nearly doubled to $8 billion dollars with an 
estimated $50 billion projected for future operation (Sonne and Mufson 2018; Lyman 2014). 
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This is the same facility that NNSA is now in the process of retrofitting for plutonium pit 
production.  
 

Figure 4 Geographic and Demographic Context for the Savannah River Site, SC 

  

Left: Region surrounding Savannah River Site, South Carolina. Right: Demographic distribution 
around Savannah River Site. SOURCE(S):  (US Dept of Energy 2020a), UCS (Dr. Chanese Forté) 

THE ENVIRONMENTAL LEGACY OF HISTORICAL ACTIVITY AT SAVANNAH RIVER  

SRS was historically involved in isotope separation (heavy water production), fuel and target 
fabrication (involving HEU,  lithium), reactor operations, and chemical separations to produce 
plutonium and tritium. Plutonium operations primarily occured at two of the site's major 
facilities, known as F- and H-Canyon. These facilities used remotely-operated chemical 
processing lines to separate plutonium and uranium from irradiated reactor fuel using a 
process known as PUREX. SRS and Hanford were the first sites to carry this out at industrial 
scale.   
 
PUREX (Plutonium Uranium Reduction Extraction) involves the dissolution of the reactor 
material, separation of fissile materials and subsequent reconstitition into purified metallic 
form (called ‘buttons’) that could then be shipped to Rocky Flats for pit production  (Reed et al. 
2013). This process is inherently ‘dirty’, producing high-level radioactive waste at several 
stages of the process. The dissolution involves tri-butyl phosphate (TBP), nitric acid, kerosene, 
and hydrazine (also a rocket fuel). The combination of tri-butyl phosphate and nitric acid can 
react explosively at temperatures above 130 deg. C and has resulted in accidents at Savannah 
River (in 1953 and 1975) (Conway 2003). Similar accidents occured at Hanford (1953) as well 
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as at an analogous Russian facility, Tomsk-7, in 1993. (International Atomic Energy Agency 
1998).  
 
The waste from plutonium separation represents a lasting environmental concern at SRS since 
it still contains radioactive by-products. Similar to Los Alamos, little thought was given to 
waste treatment or disposal in the early rush to assemble the US nuclear arsenal. Low-level 
waste (including TBP by-products from PUREX) was buried directly in the ground in some 
cases (Condit 1993), while high-level waste (including large volumes of radioative liquid 
waste) went into sub-terranean steel tanks, awaiting a more permanent solution that never 
materialized. By the time the last SRS reactor was shutdown in 1988, "tank farms" had 
proliferated, containing more than 35 million gallons of mixed liquid and solid waste (Reed et 
al. 2013).  Attempts at vitification (conversion to glass) of waste proved relatively ineffective.  
 
Although SRS has approximately half the volume of waste that is present at Hanford, that 
waste is significantly more radioactive (~ 1.5 times that of Hanford) and is therefore more 
challenging to remediate (US Dept of Energy 1997). Stewardship of this legacy waste has 
become a primary part of the SRS mission since the end of the Cold War. The Department of 
Energy's Office of Environmental Management has had responsibility for the site since 1989 
but NNSA will assume management in 2025, largely due to the proposed pit production 
mission.  
 

HUMAN IMPACTS FROM HISTORICAL ACTIVITY AT SAVANNAH RIVER 

Documentation of impacts to communities surrounding the Savannah River Site is sparse 
compared to that for Los Alamos. Because of the size of the site, there is an appreciable buffer 
zone of wooded land between the perimeter and the nearest local communities. Contary to Los 
Alamos, SRS was never a residential site; with a focus on production rather than 
experimentation, outdoor tests such as those conducted at LANL did not occur at SRS.  
 
Though information on impacts to the public for historical activities at SRS appear to be 
sparse, impacts on workers are better documented and show a disproportionate burden on 
Black employees. A survey of occupational health records reveals that Black workers had 
higher odds of detectable radiation doses than non-Black workers and that from the late 1970's 
until the mid-1980's, male and female black workers received higher average annual doses 
than non-Black workers at the site (Angelon-Gaetz, Richardson, and Wing 2010). Positive 
associations between mortality from leukemia and radiation dose have also been demonstrated 
for past SRS workers (Richardson and Wing 2007).  
 
Today, SRS is acknowledged to be amongst the most contaminated within the US nuclear 
complex as a result of the previously mentioned high-level waste that remains onsite. Studies 
have cited significant concerns for contamination of the regional Tuscaloosa aquifer as well as 
the Savannah River itself as a result of the local geology and hydrology (Makhijani and Boyd 
2004). Tritium contamination is expected to easily infiltrate groundwater as well as become 
mobile in the atmosphere as it evaporates from contaminated bodies of water onsite, allowing 
it to subsequently rain out on surrounding regions (Makhijani 2022). Further studies of the 
impacts of groundwater contamination are needed, particularly for those downstream of the 
site along the Savannah River who depend on it for drinking water, fishing, and agriculture.  
 
Of course, Los Alamos and Savannah River are not the only two sites that bear the 
environmental legacy of US weapons development. Plutonium is also present and 
unremediated (in fact, in much larger quantity) where it was produced  and where weapons 
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were tested. The Hanford site in Washington state is estimated to contain up to 16,700 Curies 
(Ci) of plutonium. Rocky Flats may still contain up to ~8-10 Ci.  Meanwhile, the Nevada Test 
Site and South Pacific islands and atolls where testing occurred still contain more than 155 Ci 
and roughly 10,000 Ci, of plutonium, respectively (Hu, Makhijani, and Yih 1992; Makhijani 
2024). The Pacific testing sites remain uninhabitable today. 

The Mobility of Plutonium in the Environment 

The risk to the general public from plutonium operations, past or present, depends on the 
concentration and mobility in the environment. Despite being a synthetic element that was 
only first produced in 1940, plutonium is virtually omnipresent in the environment today from 
global nuclear weapons production and testing. The highest concentrations are found as 
contamination around sites where nuclear weapons production occurred, but small 
concentrations are measurable around the world as a result of fallout from more than 500 
above-ground (or atmospheric) tests conducted by the US, Russia, the UK, France, and China.  

For communities near former production facilities, including Los Alamos and Savannah River, 
the mobility of localized contamination is still of concern. In the event of potential future 
accidents at these facilities, environmental mobility also determines who may be at risk and 
over what timescales and distances. In both cases, understanding how plutonium (as well as 
other actinides) can move through air, water, and soil is paramount for human health and the 
security of frontline communities, many of whom still bear the burden of past practices at 
these sites, which included direct burial of radioactive waste or discharge of contaminated 
effluents directly into the environment. These practices resulted in long-lived sources of 
pollution for which complete remediation is nearly impossible.  
 
Finally, because of the long half-lives and toxicity of plutonium and other radionuclides, 
knowledge of environmental mobility is key to the responsible stewardship of nuclear waste in 
geologic repositories – a problem that will only grow as the US and other nations continue to 
develop their nuclear arsenals and one that exceeds human lifespans by orders of magnitude.  

IN AIR 

Atmospheric transport of plutonium has primarily been due to above-ground tests of nuclear 
weapons, which cumulatively distributed around 10,000 kg of Pu to the environment (Peterson 
et al. 2007). Plutonium that is lofted into the atmosphere tends to adsorb (or stick) to 
particulates and is then deposited by rain-out or dry deposition. Prior to the Partial Nuclear 
Test Ban of 1963, such particulates were spread globally as nuclear fallout, along with 
Strontium-90, Cesium-137, Americium-241, and Iodine-131. Recent reconstructions of fallout 
using historic weather patterns and atmospheric modeling have demonstrated that fallout 
from the Trinity test in New Mexico and above-ground tests in Nevada reached all of the lower 
48 US states (Phillipe et al. 2023) with much higher local concentrations downwind of the test 
sites where larger radioactive particles are deposited. This local fallout may represent up to 
50% of the total, which accounts for elevated cancer incidence and mortality in 'downwinder' 
populations.   
 
Across the United States, plutonium levels from atmospheric fallout can be measured in soil 
within a range of approximately 0.01 – 0.1 pCi/g (picoCurie/gram) (Rodriguez 2014). Around 
Los Alamos, expected plutonium fallout levels have been reported as 0.001 – 0.055 pCi/g, with 
a mean level of 0.015 pCi/g  (Ryti et al. 1998). These levels of plutonium fallout generally 
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represent a very low risk to the public compared to other environmental exposures and it is 
important to note that the effects of radionuclides other than plutonium that are present in 
fallout carry their own health consequences which are beyond the scope of this work. 
 

Box 1 Understanding Quantities: What is a picoCurie? 

Levels of plutonium in the environment are often cited in units of Curies (Ci) or picoCuries 
(pCi) per gram in soil. These units make it difficult to appreciate how much material is 
actually being discussed.  
 
1 Curie is defined as the amount of material that undergoes 37 billion (3.7 x 1010) radioactive 
disintegrations per second. Because different radionuclides decay at different rates, the mass 
of material corresponding to 1 Curie depends on the isotope and its particular half-life. 37 
billion disintegrations per second is very big number – so big, in fact, that one trillionth of a 
Curie (a "picoCurie", pCi, or 0.037 disintegrations per second) is a much more practical and 
tractable unit for measuring plutonium in the environment where most quantities are 
vanishingly small. 
 
For 239Pu, the principle isotope in weapons-grade material with a half-life of 24,100 years, 1 
Curie is  equivalent to 15 grams. 1 pCi is therefore 0.000000000015 grams of 239Pu. 
 
For 238Pu (used in batteries for spacecraft and which has a half-life of only 88 days), 1 Ci is 54 
grams and 1 pCi is 0.000000000054 grams of 238Pu.   
 
Average background levels of plutonium from atmospheric fallout in the United States (~0.01 
– 0.1 pCi/g), therefore correspond to trillionths of a gram of Pu per 1 gram of soil. 
 
In 1990, the total quantity of Pu in soil at Los Alamos was given as 1-2 Ci, 3-5 Ci for Savannah 
River, 8-10 Ci for Rocky Flats, and 16,700 Ci for the Hanford Site (Burley 1990) 

 

IN WATER AND SOIL 

The mobility of plutonium in water and soil once again relies on its unusual and complex 
chemistry (see Ch 3). Because of plutonium's precarious electronic properties, it can easily be 
persuaded into different chemical bonding configurations (or "redox states"). In an aqueous 
solution, plutonium may be present in up to five different redox states simultaneously (a 
unique trait for any element) according to the local pH, thereby allowing it to 'hitch a ride' on 
a number of different chemical substrates in the environment (D. Clark 2000). Variations in 
environmental pH and the degree to which electrons are available from the environment play 
an important role in determining its chemical state. These various states have varying 
solubility and reactivity, meaning that they can be mobilized in different ways in nature (Fig. 
5).  

Although water is an important driver for moving plutonium in the environment, plutonium 
tends to form insoluble compounds and therefore doesn't tend to move in a dissolved form 
(Runde 2000; Katz, Morss, L.R., and Seaborg 1986). Instead, it has a strong proclivity to adsorb 
(or chemically 'stick') to surfaces, particularly mineral surfaces like clays. It's mobility in water 
is therefore defined by what it's attached to. Its deposition may therefore be relatively 
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heterogeneous according to the hydrological deposition of contaminated sediments when it is 
present in surface water (Graf 1994).  

Insolubility and a tendency to stick to surfaces are both traits that may seem to act as barriers 
to transport but, once again, plutonium's strange behavior challenges intuition. Colloidal 
transport in groundwater has been recognized as a rapid way of mobilizing plutonium 
underground. Colloids are small, naturally-occurring particles that can be mineral, biological, 
or chemical in nature and that exist as a dispersed phase in another medium (e.g.inorganic 
precipitates in groundwater). They are typically less than 1/1000 of a millimeter (~0.1- 1 μm) in 
size and can therefore be mobile within porous geologic media or within the smallest of 
fractures.  
 
It was recognized that collloids played a role in transport of radionuclides at the Nevada Test 
Site as early as 1988 (Buddemeier and Hunt 1988) but it was a 1999 Lawrence Livermore study 
that highlighted the surprising efficiency of this process (Kersting et al. 1999), identifying 
plutonium isotopes from a distinct test more than 1.3km away from the test site and suggesting 
a migration rate of at least 40 meters/year underground via colloidal transport. Laboratory 
experiments have since supported the idea that colloids enhance Pu transport (Xie et al. 2013) 
and help explain the unexpectedly rapid dispersion of plutonium from the test site. This rapid 
mobility is concerning in regions where contamination could intersect groundwater that local 
populations rely on.  
 

Figure 5 Chemistry Determines Plutonium's Mobility in Water 

 

Plutonium can be mobilized in various ways in water and soil depending on its electronic charge, 
which determines how it bonds to other substrates and molecules. Roman numerals IV and V refer 
to the electronic charge states, including the one assumed by plutonium in its common PuO2 form in 
the environment. SOURCE:  (Chen and Zavarin 2021) 

 
Similar mobility has been noted at Los Alamos where liquid waste was formerly disposed of in 
canyons and subsequently detected in test wells nearly 3.5 km away from the source (Penrose 
et al. 1990). Los Alamos acknowledged migration of plutonium in annual environmental 
surveillance reports e.g. (“Environmental Surveillance at Los Alamos during 2003” 2004; 
“Environmental Surveillance at Los Alamos During 2004” 2005) and publicly-available data 
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from the Los Alamos Intellus Environmental Monitoring database (“Intellus New Mexico - Los 
Alamos Area Environmental Data,” n.d.) confirm that plutonium is mobile in the watershed 
below the laboratory. Indeed, positive detections (above the expected background level from 
fallout) are found as far away as Cochiti Reservoir, which lies 19 miles downstream on the Rio 
Grande River.  
 
Figure 6 illustrates the distribution of Pu around Los Alamos where it is present at levels above 
0.1 pCi/g (the upper limit of what could be expected from atmospheric fallout). The database 
lists nearly 5000 regional measurements exceeding 1 pCi/g (at least 10 times fallout), 1600 
measurements over 10 pCi/g, 415 meaurements over 100 pCi/g and nearly 100 measurements 
exceeding 1000 pCi/g (or 10,000 times what could be expected from fallout). A 1980 paper 
estimated that roughly 2 Ci (~30g equivalent) had been disposed of at Los Alamos in canyon 
waste disposal sites (Harley 1980). The present-day distribution demonstrates clear patterns 
emanating from sites known to be associated with past and present plutonium activity, 
including canyon disposal sites, the former DP site, Technical Area 55, and the waste disposal 
and staging Area G at Technical Area 54. In addition, migration towards Po-Woh-Geh-
Owingeh (San Ildefonso) Pueblo and the Rio Grande river via Los Alamos Canyon are evident.  
 
Migration of plutonium has been observed to accelerate following seasonal runoff, particularly 
after major wildfires around Los Alamos that decreased the vegetative capacity to retain soil 
and prevent rapid erosion. Following the 2000 Cerro Grande Fire, 239, 240Pu in storm runoff 
increased to levels 55 times what they were in the 5 years before the fire (“Environmental 
Surveillance at Los Alamos During 2004” 2005). This may illustrate how future, climate 
change-induced events such as major wildfires or floods could serve to mobilize existing 
contamination and accelerate its spread.  
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Figure 6 Plutonium Contamination and Migration in the Vicinity of Los Alamos 

 

Map indicating measured plutonium concentrations in the environment across the LANL site. Data is 
filtered to show only measurements ranging from 0.1 – 10 pCi/g (e.g. to exclude levels that could 
plausibly result from atmospheric fallout, and and showing measurements up to 1000 times that level). 
Many measurements in the dataset greatly exceed these tresholds. Much of the worst contamination is 
in or near the current townsite where Manhattan Project work originally took place. SOURCE(S): Map 
created from Los Alamos Intellus Environmental Monitoring Database, replotted with image courtesy 
of Google Earth and Intellus data compilation courtesy of Nukewatch NM. (“Intellus New Mexico - Los 
Alamos Area Environmental Data,” n.d.; Coghlan, Stroud, and Kovac 2024)  

BIOLOGICAL PATHWAYS 

Pathways for mobility that depend on biological uptake of plutonium from the soil are less well 
understood but are gaining attention. Microbial uptake, either through surface adhesion or 
actual metabolic processes, may help or hinder mobility of actinides. On the one hand, 
microbes can act like self-propelled colloids potentially enhancing mobility (Runde 2000). On 
the other hand, the ability to uptake plutonium could act as a means of remdiation, using 
specific microbial communities to convert plutonium into less soluble/mobile chemical states 
and effectively lock them away.    
 
The range of possible biochemical interactions turns out to be difficult to assess. Different 
bacteria have been observed to handle Pu(IV) in different ways (Kauri et al. 1991) and 
plutonium uptake can depend on whether bacteria promote reducing conditions (e.g enhance 
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chemical reactions that can provide electrons to plutonium, changing its charge state) (Mahara 
and Kudo 2001). Seasonal evolution of microbial communities can also affect uptake as the 
population cycles, as has been observed in a contaminated pond at Savannah River (Merino et 
al. 2023).  
 
The uptake of plutonium by plants is also of potential concern to communities in regions 
affected by contamination since this represents a possible route for potential human ingestion 
of crops (along with groundwater). The ability of plants to take up plutonium from soil 
underscores the importance of monitoring how it spreads, particularly where traditional 
agriculture is practiced, such as the Pueblos that neighbor Los Alamos and where plutonium 
will continue to migrate underground well into the future in the absence of concerted 
remediation. 
 
Plants can uptake plutonium from soil through their roots and this may be due to release of 
compounds like citric acid which act as chelating substances (meaning they can effectively 
bind the plutonium) at the root surface (Brown 1979). Plants take up iron in a similar manner 
and it has been suggested that plutonium can mimic iron and follow similar pathways for 
uptake from the soil in a competitive process in plants, including corn (Hoelbling 2016). 
Certain isotopes may be more readily taken up by plants than others (Brown and McFarlane 
1977) but they can all end up in in leaves and fruiting portions of the plant. To further 
complicate the issue, different plants appear to have different affinities for plutonium, with 
differing uptake among species that grow in the same environment (Caldwell et al. 2011).  
 
Given the anticipated heterogeneity in plutonium distribution around contaminated sites and 
the apparent complexity of its biochemical interactions in the soil and in plants, it is difficult to 
make conclusive risk assessments for particular locations without focused efforts to measure 
and monitor its presence locally in a comprehensive manner.  

Human Uptake of Plutonium and Radiation Exposure 

Epidemiological data on humans is unfortunately sparse due to the relatively small sample size 
of exposed workers, verified public exposures, and frequent lack of adequate monitoring 
throughout the period when the volume of plutonium processing was highest. Despite this, we 
do know that the consequences of exposure are significant. Depending on the specific route of 
ingestion, plutonium can reside in the body for decades, migrate within the body based on 
solubility, and lead to various forms of cancer. The size and chemical form can also determine 
the long-term health effects. Plutonium can enter the body through inhalation (to the lungs), 
ingestion (via the stomach and gastrointestinal system), or through cuts or wounds (directly 
into tissue or the bloodstream). 
 
Inhalation of small particles of plutonium is one of the most consequential ways that humans 
can be exposed because small particles can lodge in lung tissue and remain there for decades 
(Gaffney et al. 2013). The smaller the particle, the more mobile (and therefore respirable) the 
material will be. Inhalation could result from exposure to powdered forms of plutonium 
(which are present at various stages of pit production and plutonium disposition) as well as 
from plutonium that is airborn in smoke or re-suspended in air from contaminated soil. 
Inhalation of even a minute amount (as small as tens of micrograms of 239Pu) generated lung 
cancers in studies on dogs (Bair and Thompson 1974) and an estimated extrapolation to 
humans predicted certainty of death from lung cancer from inhalation of 80 micrograms of 
weapons-grade Pu (Fetter and Von Hippel 1990; Hu, Makhijani, and Yih 1992).  
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Plutonium that is orally ingested typically poses the least risk compared to other routes of 
intake. It is not easily absorbed by the stomach or gastrointestinal system and the body 
therefore passes nearly all of the ingested quantity relatively quickly in urine and feces (Bair 
1974). This means that intake resulting from contaminated food or water is potentially less 
harmful than breathing small particulates unless local concentrations are extremely elevated. 
Communities who grow food near sources of plutonium should have access to reliable 
measurements of soil contamination to ensure they are below acceptable levels. 
 
In specific cases, workers could have plutonium enter the body directly through cuts, wounds 
or other abrasions as a result of accidents or tool use in the pit production process. Such 
accidents have occurred at Los Alamos as a result of glove punctures, pinches, and cuts during 
operations carried out in glove box enclosures. If this occurs, Pu could directly enter tissue or 
the bloodstream. Plutonium compounds present in the pit production process have been found 
in the urine of workers up to 20-30 years after exposure via wounds, again demonstrating its 
longevity in the body (Keith 2010; Woodhouse and Shaw 1998). 

 
Regardless of the mechanism of intake, once within the body, Pu can and does migrate based 
on its solubility and chemical form. Once inhaled, plutonium can move from the lungs to the 
rest of the body. Some may be excreted through transport to the gastrointestinal tract but it 
can also further mobilize to the lymph nodes and other tissue (Rodriguez 2014; Keith 2010). 
Insoluble forms (such as 239Pu) mostly concentrate in the lungs and lymph nodes whereas more 
soluble forms (238Pu) can enter the skeleton, liver and kidney (Keith 2010; Wing and 
Richardson 2003). In some cases, uncertainties in solubility may not be accurately known, 
which affects the estimated dose to the individual. Estimation of dose to an affected individual 
relies on quantitative conversion factors which have been updated as understanding of how Pu 
moves through the body (referred to as 'biokinetics') has gradually improved (Clement and 
Hamada 2015; Kaltofen and Plato 2024). 
 
Improved understanding of biokinetics has come from autopsies on exposed workers 
(McInroy 1995) and animal studies which appear to show similar distribution paths and 
proportions in the body. Plutonium absorbed following inhalation distributes roughly equally 
between liver and skeleton (~45% to each) with a much smaller amount distributed to other 
organs (Widner 2010; Keith 2010). Skeletal accumulation may slowly increase over long 
periods. Transfer of Pu to the placenta and fetus of a mother who suffered occupational 
inhalation exposure worker has also been documented (Russell, Sikov, and Kathren 2003).  
 
Plutonium can be difficult to detect in the body. This is because it primarily decays via alpha 
emission (see Ch. 3), which can only penetrate about 50 microns (0.05 mm) in human tissue. 
This means that radioactive decay is often not measurable externally (e.g. by in vivo counting) 
except in some cases where gamma emissions from other radionuclides (like Americium) may 
also be present. Counting of alpha particles can be done on urine, feces, tissue samples or nasal 
swabs according to the routes of ingestion described above and the time since exposure. Nasal 
swabs have been a primary means of rapid assay for Los Alamos employees who have known or 
suspected inhalation risks. Chelation treatment is often used as an emergency medical 
countermeasure for exposed individuals whose dose exceeds critical levels. Chelation involves 
injection of zinc or calcium based compounds that help bind and accelerate excretion of 
plutonium from the body. It is far from 100% effective and is only a means of minimizing the 
potential damage.   
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Ultimately, plutonium's residence in the body can lead to various forms of cancer as it 
undergoes radioactive decay. Because the alpha particles emitted from decay cannot travel far, 
they deposit their energy over a short distance in a concentrated manner. This causes 
significant damage to cells in the immediate vicinity. This has an effect on methodologies for  
calculating dosages to internal organs because of the localized nature of the deposited energy 
(Kaltofen and Plato 2024).  
 
Increased cancer incidences have been observed in exposed populations that have been 
studied, particularly for workers at the Mayak facility in Russia (the Russian equivalent of 
Rocky Flats), where workers were exposed to Pu at levels up to 10 times those estimated for 
Los Alamos workers over similar periods (Stram et al. 2021; Gilbert et al. 2004). At Los Alamos, 
plutonium intakes were linked to an increase of bone cancer in workers (Boice 2021) while 
other cancer rates exhibit increased incidence in both workers and county residents (Table 
5.X) (US Dept of Energy 2003; Richards 2003). 

SETTING STANDARDS  FOR HUMAN RADIATION EXPOSURE 

Given the hazards associated with exposure to radiation, we need to understand how much is 
acceptable and how much is likely for both occupational workers and members of the public. 
Although the common mantra for radiation exposure is to keep it "as low as reasonably 
achievable", quantitative regulatory standards exist for occupational workers as well as 
members of the public. These are set by federal and state agencies, including the Department 
of Energy (DOE), which manages the national laboratories and sets its own occupational limits. 
The US Environmental Protection Agency (EPA) sets limits for the public, including maximum 
allowable amounts in air and water. These limits have been tightened over time as links 
between radiation exposure and cancer have been better understood and quantified.  As a 
result, the standard for maximum public exposure is 50 times lower today than it was in the 
1950s (Makhijani, Smith, and Thorne 2006). 

How these limits are set has increasingly come under scrutiny. Typically based on a 
theoretical, idealized 'reference man', such standards have been criticized for not adequately 
representing the most vulnerable members of the general population. 
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Box 2 Understanding Quantities: Radiation Dosage 

Just as Curies and picoCuries are used to measure the radioactivity of a substance, rem and 
Sieverts measure the amount of energy that a radioactive source deposits in living tissue.  
 
Units for Dose Equivalent 
Roentgen Equivalent Man (rem) = unit of 'dose equivalent', which takes into account the 
absorbed dose (how much radiation is absorbed by an individual) as well as a multiplier 
(called a 'quality factor') that depends on the type of radiation and its biological impact.  
 
For practical reasons of scale, millirem (mrem, or 1/1000th of a rem) is used more often. 
 
The international scientific unit (SI unit) for dose equivalent is the Seivert (Sv), which is 
defined as 100 rem. 
 
Common sources of radiation exposure and the associated dose equivalent: 
One coast-to-coast airline flight: ~1 mrem/0.01 mSv 
One dental x-ray: ~  1.5 mrem/0.015 mSv 
One head CT scan: ~200 mrem/2 mSv 
Cosmic ray exposure from one year living in Denver, Colorado: ~80 mrem/0.8 mSv 
One year of average exposure to remnant fallout from nuclear testing: ~ 0.5 mrem/0.005 mSv 
 
Critical dose equivalents:  
Onset of radiation sickness: ~100,000 mrem/100 rem/1000 mSv 
50% lethality: ~400,000 mrem/400 rem/4000 mSv 
100% lethality: ~1,000,000 mrem/1000 rem/10,000 mSv 
 

 

WHO IS REFERENCE MAN? 

The earliest guidelines for radiation exposure based on a standardized individual were devised 
shortly after World War II by American, British, and Canadian doctors with workers in mind 
(Lochbaum 2021). It is perhaps not surprising then that this fictitious reference was described 
as follows: "between 20-30 years of age, weighing 70 kg (154 pounds), is 170 cm (5 feet 7 
inches) in height, and lives in a climate with an average temperature of from 10o to 20oC. He is 
a Caucasian and is a Western European or North American in habitat and custom.” (Snyder et 
al. 1975). This model was used for analysis of human exposure to plutonium in the Los Alamos 
Human Tissue Program (McInroy 1995) which helped define occupational and public 
exposure more widely (Widner 2010) and has been used internationally in many contexts 
since. While it may have been a relatively close approximation of the 'average' worker in the 
late 1940s, it is clearly not representative of the general population and almost undoubtedly 
results in underestimation of potential harm.  

The effects of radiation on the body depend both on whether a given dose is chronic (over a 
long period) or acute (e.g. a single incidence) but also on gender and age. Children may suffer 
worse consequences from radiation exposure since rapidly replicating cells are more sensitive 
to radiation (Keith 2010). Similarly, two influential studies from the EPA and the National 
Research Council have shown that for a given dose of radiation, women are 52-58% more likely 
to develop cancer than men (Eckerman et al. 1999; Health Risks from Exposure to Low Levels of 
Ionizing Radiation: BEIR VII Phase 2 2006; Makhijani, Smith, and Thorne 2006). This is due, in 
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part, to the increased radiosensitivity of breast and thyroid tissue in women but the complete 
mechanism is not totally understood. In addition, women can suffer harm to reproductive 
health as a result of the finite population of follicles in the ovaries. These disproportionate 
effects of gender and age on health outcomes appear to be borne out by long term studies on 
survivors of the atomic bombings in Hiroshima and Nagasaki – a grim case study in acute 
exposure of an entire population (Health Risks from Exposure to Low Levels of Ionizing 
Radiation: BEIR VII Phase 2 2006; Olson 2019) 
 

Figure 7 Increased cancer risk by age (per 100,000) at exposure to 20 mSv radiation from the 
use of atomic bombs in Japan 

 

Source: Gender and Radiation Project (Olson 2019), after BEIR VII report (Health Risks from 
Exposure to Low Levels of Ionizing Radiation: BEIR VII Phase 2  2006) 

 
 
These findings underscore the importance of understanding disparate responses to radiation 
exposure so that critical radiation protection standards can be developed that assess risks to 
different populations. As such, more comprehensive alternatives to 'reference man' are 
required.  

ALTERNATIVES TO REFERENCE MAN 

New models have gradually been introduced in order to capture different physiological risk as 
a function of gender and age. The International Commission on Radiological Protection 
(ICRP) introduced a 'reference person' in 2007, based on an average of a reference female and 
reference male (Valentin 2007) however such an assumption may not by physiologically 
representive of either. Newer proposals go further with the goal of considering the most 
vulnerable members of the population in terms of both human and ecological health. One such 
example is the Nava To'I Jiya (Land Worker Mother) model, proposed by the Tewa 
Indigenous community neighboring Los Alamos. This model considers cumulative risk to the 
female body assuming traditional agricultural practices that encompass chronic 
environmental exposure from land, water, and air. This is similar in spirit to other models 
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such as 'reference girl' based on the apparently increased risk for younger girls (Fig. 7) (Olson 
2019) and a more futuristic construction called "Jane", imagined as a case study in the context 
of remediation at the Hanford Site in Washington (Box 5.X) (Cram 2015). As of 2024, public 
limits for exposure are not yet based on models as inclusive as these.  

LIMITS FOR THE PUBLIC FOR ALL SOURCES OF RADIATION 

Regulatory limits place constrainsts on acceptable work practices and release of material to the 
environment for facilities where radioactive materials like plutonium are handled. DOE 
regulations require limiting potential public exposure from onsite activities to 100 mrem/yr 
from all pathways, including air and water (“DOE Order 5400.5 Radiation Protection of the 
Public and the Environment” 1990). If release of material to the environment is required, it 
must be demonstrated that it doesn't exceed this limit.  
 
For releases to the air and water, DOE adopts EPA limits which restrict airborne emissions of 
radionuclides (including, but not limited to plutonium) to 10 mrem/yr for an offsite member of 
the public (“Subpart H - National Emission Standards for Emissions of Radionuclides Other 
Than Radon from Department of Energy Facilities” 2020; Rodriguez 2014) and 4 mrem/yr in 
water (“40 CFR Part 141 -- National Primary Drinking Water Regulations,” n.d.).  
 
To understand these limits and their magnitude, it is helpful to understand the levels of 
radiation that the population is exposed to via other sources for comparison. Regardless of 
one's proximity to nuclear facilities, one's profession or location, everyone is exposed to some 
radiation from both natural and anthropogenic sources. 
 
Radon from natural radioactive decay of elements in soil is one common source of ubiquitous 
exposure (~100-200 mrem/yr), as well as potassium-40 and carbon-14 that we ingest in food 
(~30 mrem/yr).  Cosmic rays also deliver a small amount of radiation which increases with 
altitude (~30-50 mrem/yr). Artificial sources, including medical x-rays, CT scans and consumer 
products also represent common sources of public exposure (~60-300 mrem/yr). Cumulatively, 
these internal and external sources result in an average annual dose of ~300-600 mrem for most 
people (“UNSCEAR 2008 Report Volume I” 2008). Exposure resulting from residual global 
fallout from nuclear tests is typically only ~0.5 mrem/yr in most regions (“UNSCEAR 2008 
Report Volume I” 2008) (see box 5.X). This means that the national labs are required to limit 
the dose to members of the public to approximately one third to one sixth of the average 
annual dose that would be received otherwise.  
 
In addition to setting guidelines for public exposure, regulatory limits inform remediation 
efforts where contamination is already present beyond laboratory boundaries. Consequently, 
the labs and the public need to be aware of the evolution of environmental contaminants to 
ensure strict adherence and public safety. Continued or prolonged de-emphasis on clean-up 
efforts in favor of scaling up production capabilities risks compounding existing problems, 
particularly for waste, as discussed below.  
 

LIMITS FOR PLUTONIUM IN THE ENVIRONMENT 

Specific limits for allowed quantities of plutonium-239 have been cited as 0.00002 pCi/L in air 
(recall that a pCi is a measurement of quantity, not dose; see box 5.X) and up to 15 pCi/L in 
water (including any other alpha emitters that may be present). Note that the limits for air and 
water differ by a factor of 750,000 because humans take in more air per day than they do water 

1:21-cv-01942-MGL       Date Filed 01/16/25      Entry Number 226-1       Page 93 of 125



Union of Concerned Scientists   |   22 

and because of the increased hazard posed by inhalation compared to ingestion (described 
above) (Hu, Makhijani, and Yih 1992). More recent analyses have argued that the limit for 
water should be 100 times lower than it is based on improved understanding of physiology and 
biokinetics (Makhijani 2005) and indeed, in the state of Colorado where plutonium 
contamination exists from Rocky Flats, the statewide standard has been set as 0.15 pCi/L 
(Walker 2016). The admissible limit in New Mexico, set by the state's Water Quality Control 
Commission, is 10 times higher (1.5 pCi/L) (“Water Quality Standards for Interstate and 
Intrastate Surface Waters” 2000).  
 

LIMITS FOR WORKERS 

Occupational workers are subject to much higher permissible annual doses of radiation than 
members of the public, which is an additional factor that must be well understood as a 
condition of employment. Although the principle of maintaining exposure levels "As low as 
reasonably achievable" still applies, DOE workers are permitted to receive up to 5000 mrem (5 
rem)/yr through occupational exposure (50 times the public limit). For workers, limits are 
published for each organ based on models (Sowby 1979; Widner 2010) and dosimetric 
measurements are used to monitor individuals at relatively high frequency according to their 
perceived risk. The International Commission on Radiological Protection recommended that 
the allowable dose for workers be reduced to 2000 mrem (2 rem)/yr year in 1991 but that 
recommendation was not adopted by the Department of Energy (Makhijani, Smith, and 
Thorne 2006).  

How the National Laboratories Assess and Report Risk 

Putting our knowledge of plutonium mobility, biological hazard, and admissiable limits into 
the context of plutonium pit production requires requires examining how the national 
laboratories assess and report risk from their proposed work. Environmental Impact 
Statements (EIS) issued by the national laboratories offer perhaps the best public-facing 
analyses of whether proposed actions comply with expected standards for protection of public 
safety and the environment, including probabilities for specific scenarios and associated risk of 
expoures. Commentary on new EIS documents is also one of the primary venues for public 
self-advocacy.  

ENVIRONMENTAL IMPACT STATEMENTS 

Although many of the processes required for the resumption of plutonium pit production are 
the same today as they were during the Cold War, the potential impacts and risks are not. 
Today, improved awareness of potential harms allows better administrative and engineering 
controls to improve safety. Stronger environmental regulation since the 1970s also contributes 
to reducing the potential for public exposure and environmental damage. Nonetheless, 
plutonium remains just as hazardous today and workers remain fallible, despite the best 
controls. Where there is hazard, there is always finite risk of accidents, leading to harmful 
human and environmental exposure. Environmental impact statements are the means by 
which the national laboratories document, predict, and address such hazards. 
 
It is important to understand how the risks inherent in NNSA's current plans compare to the 
past. Environmental Impact Statements (EIS) are required under the National Environmental 
Policy Act (NEPA) of 1970 (42 U.S.C. § 4321) and are a primary mechanism for analysing and 
communicating such impacts to the public. EIS typically include consideration of cumulative 
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impacts to surrounding regions, including infrastructural, environmental, and economic 
repercussions as well as analysis of possible accident scenarios and liklihoods. 

Los Alamos's PF-4 facility, where pit production will take place, has indeed had numerous 
recent accidents, even without the level of activity required for pit production. One such 
incident was severe enough to shut down the facility for three years (Center for Public 
Integrity and Malone 2017) and many have resulted in worker exposure to plutonium (Defense 
Nuclear Facilities Safety Board 2022; Guzmán 2023b).  
 
In the past, LANL has considered various levels of pit production, including scenarios in which 
up to 450 pits per year would be produced at a single facility onsite (US Dept of Energy 2003). 
Later iterations of this proposal varied the size and scope, including various facility options, 
none of which ultimately materialized.. Each of these proposals was typically accompanied by 
supplemental analyses to the laboratory's existing Environmental Impact Statement but, 
critically, none of them explicitly considered the two-site solution that the NNSA is currently 
pursuing.  
 
Instead, the most recent scoping for a revised impact statement from LANL (“DOE/EIS-0552: 
Site-Wide Environmental Impact Statement for Continued Operation of the Los Alamos 
National Laboratory, New Mexico” 2022) considers the new pit production mission under 
what is known as a 'no action alternative', meaning that any and all hazards are considered to 
be within the scope of existing analyses. NNSA therefore considers no new analysis to be 
required, instead relying on a complex 'tiered' approach in which addenda and supplements to 
previous analyses are used to compensate for evolving circumstances and decision-making (in 
this case, a supplement to the 2008 EIS) (US Dept of Energy 2008; 2020b). 
 
While it is true that NNSA and LANL have previously considered scenarios for pit production 
that included PF-4, the specific plan being pursued has not been explicitly nor holistically 
considered in previous documents. EIS analyses can be 'site-specific' if impacts are limited to a 
specific location or 'programmatic' if proposed actions are "connected", "cumulative", or 
"similar" across multiple sites or facilities (Hart and Tsang 2020; American Bird v. Fed. 
Communications 2008).   
 
Given the magnitude of the pit production mission and the fact that it involves numerous DOE 
sites (including LANL, SRS, Pantex, WIPP, and LLNL) which will be carrying out work that is 
apparently "connected, cumulative and similar", it seems appropriate in this case that a 
programmatic EIS be conducted that would holistically consider the national implications. 
While NNSA's approach may technically be compliant with NEPA requirements, it is arguably 
an abuse of the tiered decision-making process for site-specific NEPA analyses and 
simultaneously downplays the magnitude of expanded operations across the complex.   
  
This tactic has been used, even in the wake of accidents severe enough to result in a three-year 
closure of the Waste Isolation Pilot Plant (WIPP) due to an unanticipated radioactive 
contamination event (Klaus 2019), when NNSA concluded that an updated environmental 
analysis for the site was not required (US Dept of Energy 2020b). 

PLANNING FOR ALTERNATIVES 

A new impact analysis should consider the impacts of simultaneous pit production across 
multiple sites as well as scenarios in which surge production (beyond currently projected 
capacity) is required at one or both sites.  
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NNSA's history of embarking on multi-billion-dollar projects only to have them cancelled 
when budgets or schedules become untenable (Hunter, Hutton, and et al. 2019) should also 
encourage exploration of scenarios in which circumstances dictate operation of a single 
production site. In this case, revisions to infrastructure, transportation and waste management 
should be explicitly examined along with justification and feasibility for expanded operations 
at one site or the other. The competing missions within the PF-4 facility will obviously be 
impacted whether present goals are achieved or not. Extenuating circumstances affecting pit 
production may therefore have significant ripple effects on additional programs of importance 
and these should also be considered in terms of their potential cumulative impacts and 
associated risk management. The Government Accountability Office has raised such concerns 
regarding competing missions but these remain, to our knowledge, unadressed (Government 
Accountability Office 2019). 
 
The following sections are intended to provide an independent overview of primary concerns 
normally addressed in a comprehensive impact analysis, including the risk of radiation 
exposure for workers and the public and cumulative impacts to surrounding regions, including 
infrastructural, environmental, and economic repercussions. 

PATHS FOR ENVIRONMENTAL RELEASE 

 
Accidental release through fire, failure of building systems such as air handling, or other 
natural disaster is a worst-case scenario in which relatively large quantities of radioactive 
material could be released. More likely and potentially frequent occurrences would involve 
very small amounts of material leaving the facility through contamination of worker's clothing 
or skin or deposition on surfaces that are removed from the building, particularly through the 
waste stream. Because pit production involves considerable waste, handling, packaging and 
transport of that waste likely represents one of the largest ongoing risks for accidental 
exposure outside of the facilities themselves.  
 
In all cases, administrative controls (e.g. best practices for workflow or standard operating 
procedures) and engineering controls (use of built systems, safety and monitoring equipment) 
can assist in greatly reducing potential risks as well as containing accidental release in the 
event of human error or partial system failure.  
 

ACTIVE VS PASSIVE CONFINEMENT 

The most fundamental engineering control to minimize potential release of plutonium is in 
construction of the facility itself. DOE's preferred standard for nuclear facilities where 
radiological materials could be released includes what is known as "active confinement 
ventilation" (“Nonreactor Nuclear Safety Design Guide for Use with DOE O 420.1C, Facility 
Safety” 2012; Guha 2013). This means facilities are constructed to actively contain potential 
radiological material using fans, filters, and designed airflow such that the building maintains 
negative pressure relative to the exterior, thus inhibiting particulates and vapors from 
escaping even under abnormal conditions such as following an accident. To be qualified as a 
"safety class" system for the protection of the general public, such systems must be engineered 
to ensure that releases are moderated to less than 25 rem total effective dose. 25 rem is the 
approximate does that most Americans receive over their lifetime from background sources 
(see box 5.X). Under DOE guidelines, this limit is used as a "planning and evaluation tool for 
accident prevention and mitigation assessment" rather than considered an acceptable or 
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unacceptable does from an accident (“DOE Standard - Preparation of Nonreactor Nuclear 
Facility Documented Safety Analysis” 2014). 
 
LANL's PF-4 facility has a version of active confinement ventilation however it is not officially 
considered a "safety class" system (capable of mitigating release in the event of an accident 
according to DOE standards) due to potential seismic vulnerability of specific components 
(Randby et al. 2019). The Defense Nuclear Facilities Safety Board (DNFSB), which monitors 
public health and safety at DOE facilities, has long suggested improvements to PF-4's 
ventilation system. NNSA had committed to upgrading it's confinement system to meet "safety 
class" requirements, including the required seismic criteria, as recently as 2020 however they 
reversed course in 2022, informing the DNFSB that those modifications would prove too costly 
(Connery 2022b). NNSA claimed to be undertaking improvements that would result in a 
"robust", albeit non-safety class confiment system as of 2022. The DNFSB notes that LANL's 
PF-4 facility is unique in the nuclear complex in not pursuing a safety class active confinement 
strategy (Randby et al. 2019). 
 
Instead, LANL has chosen the alternative, which is considered "passive confinement" in 
which the building itself is credited with containing radiological release in the event of an 
accident. This strategy requires justification that the potential offsite dose will fall below the 
federal regulatory limit for safety class systems of 25 rem through estimation of the fraction of 
material released that could exit the facility under various scenarios using what is known as a 
'Leak Path Factor' (LPF) analysis.  
 
Risk to offsite personnel and members of the public is therefore quantified using specific 
assumptions to arrive at a "mitigated" dose level, which LANL concludes is 24.2 rem – just 
below the 25 rem federal guideline.  
 

LEAK PATH FACTOR ANALYSIS 

To arrive at an estimated release of 24.2 rem, LANL relies on a leak path factor (LPF) analysis. 
The leak path factor represents the fraction of radioactive material (in this case, airborne 
plutonium) that escapes the facility during a bounding accident scenario. Quantifying the leak 
path factor depends on specific accident conditions (e.g. where and how an accident occurs) as 
well as weather conditions that would determine how rapidly and how far radiological 
material could spread if released.  

Under NNSA's methodology, the amount of material that could be released is defined as  
 

𝑀𝑜𝑏𝑖𝑙𝑒 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 = 𝑀𝐴𝑅 𝑥 𝐴𝑅𝐹 𝑥 𝑅𝐹 𝑥 𝐷𝑅 𝑥 𝐿𝑃𝐹 
 
Where MAR is the amount of 'material at risk' within the facility (the total amount stored 
and/or in use), ARF is the fraction that becomes airborne, RF is the respirable fraction (small 
enough to be inhaled), DR is the 'damage ratio', which is the amount of material damaged in 
the accident and therefore available for release to the environment, and LPF is the 'Leak Path 
Factor' which is the fraction of respirable material that is likely to have a physical pathway 
outside the building structure. (US Dept of Energy 2003) 
 
There are clearly many assumptions required for such a calculation since the only easily 
predictable factor is the' material at risk', which corresponds to the facility's inventory of 
plutonium. LANL relies on a number of computer codes to assess the leak path factor, which 
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include detailed modeling of aerosolized transport within the facility itself. They credit the 
LPF analysis for the oft-cited worst-case scenario of a post seismic fire with reducing the off-
site effective does from 218.6 rem to the value of 24.2 rem, cited above. 
 
The DNFSB has criticized LANL's methodology, citing concerns about both the codes as well 
as critical assumptions that mathematically reduce the potential for public exposure, stating 
"the LPF calculations do not provide very high assurance of the confiment of radioactive 
materials, as required by DOE directives" (Randby et al. 2019; Connery 2022b). Mostly 
glaringly, arriving at a value below the 25 rem federal guideline requires the exterior doors to 
the facility to be open for no more than 5 minutes. This includes the time for all personnel to 
evacuate the facility as well as the time the doors must be open for emergency response. Even 
before pit production has begun at full capacity, it has been reported that up to 1000 people 
work at the facility on a given day and this number would be expected to grow significantly as 
the lab approaches it's 30 pit/year milestone(Hennigan 2023). The DNFSB and others have 
called into question whether 5 mintes is sufficient for lab workers to place lab systems (such as 
foundry processes) in a safe configuration, evacuate, and allow emergency response.  
 
Measures that could potentially mitigate the amount of material that could be released in 
worst-case post-seismic fire therefore include fully upgrading the active confinement system 
to meet DOE safety class standards (which would serve to reduce the LPF), reducing the 
amount of plutonium present at a given time (MAR, with implications for facility productivity), 
or additional modifications to the facility to reduce the fraction of material that could be 
damaged (DR). The choice to pursue a passive confinement strategy therefore increases the 
relative importance of other safety systems to keep the mobile quantity (hence public risk) 
below the regulatory limit.  
 

"EXIGENT CIRCUMSTANCES" 

Inadequacies and delays to safety system improvements at PF-4 have recently been 
highlighted by NNSA's reliance on "exigent circumstances" to justify potential public 
radiation exposure far beyond the 25 rem federal guideline. Exigent circumstances refer to 
cases in which specific processes present a risk of exceeding the 25 rem guideline for offsite 
exposure and in which existing safety systems do not provide viable mitigation of risk. This is, 
effectively, an exception the rule that may be invoked for atypical operations that NNSA 
considers mission-critical.  

In 2022, NNSA cited exigent circumstances to justify potential offsite exposure levels from 
490-3175 rem in the event of a serious accident during handling of 238Pu for a repackaging 
effort. This is up to 127 times the federal guideline under DOE Standard 3009-2014 and 
exceeds what is typically a lethal dose (400 rem) under the most favorable assumptions.  
NNSA's invocation of exigent circumstances underscores the inadequacy of PF-4's safety 
systems for operations deemed necessary under the competing missions that LANL is charged 
with (including pit production, heat source plutonium and excess plutonium disposition). 
DNFSB resident inspectors noted that LANL facility managers determined that "no readiness 
activities, including a management self-assessment or subject matter expert checklist reviews" 
were required for this exceptional operation (Boussouf, Gutowski, and Plaue 2022), despite the 
associated and accepted risk. 
 
These judgements on behalf of the laboratory call into question the authority of the standards 
for public protection, development of adequate safety protocols, and when and how often 
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exigent circumstances could be used in the future if, for instance, pit production levels beyond 
30 pits/year are deemed necessary to meet national security requirements, commensurately 
increasing the 'material at risk' within the facility. When asked in a 2022 public hearing about 
whether increased pit production could lead to further invocation of 'exigent cirdumstancs', 
NNSA administrator James McConnell replied that “I would like to say, but I can’t, that this 
will be the last time that we use exigent conditions”. (“DEFENSE NUCLEAR FACILITIES 
SAFETY BOARD PUBLIC HEARING ON LOS ALAMOS NATIONAL LABORATORY 
NATIONAL SECURITY MISSIONS AND NUCLEAR SAFETY POSTURE” 2022)  
 
 “I would like to say, but I can’t, that this will be the last time that we use exigent conditions”  - 
NNSA administrator James McConnell in 2022 public hearing 
 

MONITORING AIRBORNE EFFLUENTS 

Los Alamos and its surroundings are equipped with an air monitoring system (AIRNET) 
intended to detect airborne radionuclides at approximately 40 locations at or near the lab's 
perimeter. This system is intended to monitor compliance with the lab's statutory requirement 
to maintain public exposure from airborne sources to less than 10 mrem (from all sources). 
The system monitors for plutonium, uranium, tritium and other possible radionuclides of 
interest and stations are located both at potential source locations (such as emission stacks), as 
well as more distant regional locations expected to be representative of public exposure (Dave 
Fuehne 2016). 
 
Measurements from the network have typically recorded emissions at levels below 1 mrem. 
While levels have generally improved since the 1990s, there have been measurements as high 
as 8 mrem (in 1993), 6 mrem (in 2005, due to a control system malfunction at one facility) and 
~3.5 mrem (in 2011, due to specific cleanup activities) (David Fuehne and Allen 2015). 
Although these fall below the 10 mrem annual limit for public exposure, it has been pointed 
out that short-term emissions from point-sources could be underreported given the 
geographic distribution of sensors and that diffuse sources like waste sites may not be 
adequately captured (Franke et al. 2003).  
 
Unfortunately, past whistleblower testimony as well as critical shutdowns have cast doubt on 
the utility of AIRNET to provide a measure of public protection when and where it is most 
needed. In 1996, a former lab safety officer revealed "a pattern and practice of deception" at 
Los Alamos in which employees would intentionally release airborne effluents, including 
radioactive tritium and contaminated water, away from stacks and monitoring locations to 
avoid setting them off, apparently in fear that the facility would be shut down if actual 
emissions were monitored (Guzmán 2024; Bartlein 1996). Additionally, the system was shut 
down during the peak of the 2000 Cerro Grande Wildfire which could have mobilized 
radionuclides in smoke (Alvarez and Arends 2000). LANL published studies following the 2000 
fire, as well as the Las Conchas fire in 2011, showing that impacts from both events were 
minimal and that only naturally-occuring radionuclides were detected in excess of normal 
background levels (Michelotti et al. 2013; “AIRNET Data Evaluation During the Cerro Grande 
Fire.Pdf” 2000). 
 
Although the system has been updated recently, it still does not provide real-time public alerts. 
Monitoring data is available to the public after-the-fact and in annual publications from the 
laboratory.  
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Risks to Workers From Pit Production 

Compared to the general public, the risks posed to workers within pit production facilities are 
significantly greater. Workers are in close contact with hazardous materials and will be the 
first to suffer consequences in accident scenarios. Although safety systems are inherently built 
into workflows (including both physical and administrative protections), humans are 
inherently fallible and the PF-4 facility has a troubling history of accidents in which workers 
have been exposed to plutonium. As the NNSA rushes forward to achieve production capacity, 
recently hired and newly trained personnel are carrying out new procedures on both new and 
old equipment. All the while, mission-critical work, demolition and decontamination, and new 
construction and installation are happening concurrently within the facility on a 24/7 
schedule. These circumstances, combined with an ambitious deadline and simultaneous, 
competing processes within the facility, significantly raise the risk of accidents.  

Pit production involves a number of complex processes to recycle existing legacy pits, purify 
the plutonium, and re-manufacture new pits from that material. Both wet and dry chemical 
processes are involved that employ acids to dissolve chemicals, nitrate and chloride chemistry 
to recover specific products, and high-temperature chemistry (pyrochemistry/molten salt 
chemistry) to strip impurities and decay products from the metal. Molten plutonium is re-cast 
using processes akin to traditional foundries, but adapted to be carried out within the 
necessary confines of gloveboxes under controlled atmospheres. The subsequent machining is 
delicate, must be precisely done, and produces pyrophoric (flammable) shavings and 
radioactive dust that pose risks of accidental fires – an occurrence that has occured on multiple 
occasions at Los Alamos and, catastrophically, at Rocky Flats.    
 
Workers are therefore subject to numerous hazards, including chemical, radiological and 
mechanical risks including handling plutonium in metallic, powdered and molten form, all 
while working without the usual dexterity that would normally be desirable for such 
processes.  
 
Elsewhere in the Los Alamos plutonium facility (PF-4), additional processes unrelated to pit 
production occur. These involve preparation of 'heat source' (238Pu) for thermal batteries used 
in space missions and a process referred to as ARIES (Advanced Recovery and Integrated 
Extraction System), which converts excess Pu to a diluted oxide powder form for disposal. 
These processes use dedicated space within the PF-4 facility but also somewhat complicate 
administrative and radiological controls since they involve different isotopes and chemical 
forms of Pu. Because of its higher radioactivity, 238Pu is significantly more hazardous than the 
weapons grade 239Pu involved in pit production and yet the heat source work cannot be paused 
while the rest of the facility is retro-fit for the lab's newly-assigned pit production mission 
since it is the only US facility that carries out such work. This creates a unique combination of 
<span id="zotero-drag"/>hazards in a relatively constrained space that was not originally 
designed as a production facility nor intended to support competing missions.   
 

WORKER EXPOSURE TO PLUTONIUM 

The health risks for workers from plutonium are the same as those described above for the 
general public with the obvious caveat that workers are much more likely to be exposed to 
larger quantities and at higher frequency. Exposure to fine particles is one of the most common 
documented occurrences, presenting the risk of inhalation. Because many processes within 
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PF-4 either involve or produce small particles and because some equipment is still 
contaminated from past work, the potential to be exposed to Pu particulates is quite high.  
 
Modern plutonium work is conducted within glovebox enclosures and material is moved 
between gloveboxes along the production line via trolley system when possible. This keeps 
workers physically separated from the material. The gloveboxes can often be purged with inert 
gas such as argon or nitrogen to avoid oxidation of the workpieces and are designed (in most 
cases) to maintain a slight pressure differential with the room to discourage outflow in the 
event of a glove rupture or other breach of the enclosure. Glove ruptures are one of the most 
common accidents and have been documented to occur with surprising regularity. While the 
consequences are usually quickly controlled and remediated, they have been severe enough for 
the affected workers to require chelation treatment after confirmed uptakes of plutonium. 
 
Throughout the history of plutonium work at Los Alamos, there have been three worker 
deaths caused by acute radiation poisoning. All were criticality incidents that would have been 
prevented with modern work practices. A single plutonium pit (later termed 'the demon core') 
was responsible for two deaths during very early criticality studies in 1945 and 1946. Another 
death was caused by plutonium in a tank achieving a critical configuration in 1958, killing the 
chemist involved within 35 hours (McInroy 1995; Guzmán 2023a). The circumstances that lead 
to these accidents would not be likely today given present administrative limits and 
procedures, however disregard for those limits and procedures, either deliberately or by 
accident, has been a recurring problem at the facility (see 'Accidents', below).  
 

POSSIBLE LONG-TERM OCCUPATIONAL HEALTH EFFECTS FROM PLUTONIUM 

To predict the possible long-term health consequences for exposed workers, we unfortunately 
have limited occupational health studies to inform us. This is because, compared to the general 
population, the number of plutonium workers with adequate monitoring and longitudinal 
health tracking is small.    
 
The long-term health consequences for plutonium workers are not always clear, due, in part, 
to the relatively small sample size relative to the general population, sufficient monitoring of 
those who may have been occupationally exposed, and a common epidemiological bias known 
as the 'healthy worker bias'. The healthy worker bias describes the fact that those who suffer 
the most severe health consequences may leave the workforce and therefore not be sampled as 
part of the occupational population. Workers may also have access to better healthcare than 
the general population and, because of occupational monitoring, may be more likely to receive 
screening and treatment for health risks which can sometimes skew epidemiological surveys 
when sample sizes are small.  
 
Historically, occupational health studies of LANL workers favored white, male, anglo 
employees of the University of California and under-represented women and contract workers 
(called Zia workers prior to 1986) who were more likely to be of Hispanic or Native American 
descent (Wing and Richardson 2003). A cohort mortality study of these Zia workers found that 
deaths from all cancers (amongst 1196 individuals who could be tracked) were actually low 
compared to the US population however leukemia, stomach, liver, pancreas, and bone cancers 
showed excess deaths, meaning they occurred at higher rates than would be expected for the 
general population. The authors noted that approximately half of the study population lacked 
bioassay data (Galke, Johnson, and Tietjen 1992; Wing and Richardson 2003). When compared 
with other lab workers, an increased risk of lung cancer was noted, however this was based on 
only 8 deaths.  
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WORKER EXPOSURE TO BERYLLIUM AND AMERICIUM 

In addition to plutonium, beryllium and americium are also involved in pit production and 
both pose their own hazards for workers. Many pit designs are widely believed to contain 
beryllium, which would act to reflect neutrons back into the imploding pit during operation of 
the weapon and produce additional neutrons from alpha decay in the Pu. Beryllium is a highly 
toxic metal which is also extremely dangerous to inhale and which can lead to Berylliosis- a 
chronic lung disease that can take years to appear (“Report on Carcinogens, Fourteenth 
Edition,” n.d.). Americium will be present in smaller amounts as a daughter product of 241Pu 
but poses a greater inhalation risk than plutonium, including to the thyroid.  
 
 

Figure 8    

   

From left: an induction furnace within a glovebox used to melt plutonium 'buttons' for casting into 
various shapes; center: plutonium rods, as cast; right: a dry machining process on a lathe to bring 
castings to final dimension.  
Source: Los Alamos National Lab/US Department of Energy  

 

WORKER PROTECTION MEASURES 

Workers within facilities that handle nuclear materials such as plutonium are protected 
through a combination of on-the-job training, administrative controls (prescribed procedures 
and work flows), engineering controls that provide physical separation from hazards, and 
personal protective equipment. Where human error is more likely, the other safety elements 
gain increased significance. This tiered approach to safety is required because any one 
component of the system is likely to be insufficient on it's own to avoid potential exposure to 
radiation – a hazard which cannot be seen, smelled, or otherwise felt with human senses.  

Alpha monitors are one of the primary engineering controls that are required to be used when 
workers withdraw their hands from gloveboxes within radiologically controlled areas or 
radiological buffer areas within the facility. In the event of a glove tear or breach, this is meant 
to ensure that the contamination is detected immediately, can be contained and remediated. 
When entering and exiting controlled areas, workers use hand and foot monitors that survey 
their personal protective equipment for radiation. Full-body monitors are also used at entries 
and exits of controlled areas to avoid contamination leaving the facility. Larger spaces employ 
continuous air monitors to detect airborn contamination within work areas by pumping room 
air through a detector and providing an audio-visual alarm if radiation is detected (Cournoyer 
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2018). Positive detections typically require evacuation of personel however monitors have 
been accidentally tripped or ignored during maintenance activities in PF-4 in the past.   
 
A variety of activities are carried out within PF-4 in addition to pit production. These entail 
different hazardous products and isotopes with varying radioactivity, which can present a 
challenge for monitoring since not all detectors are universally sensitive. They must therefore 
be appropriately chosen for specific hazards and used according to protocol to avoid false 
negative readings which could (and have) allowed workers to leave controlled areas with 
contamination on their clothing or PPE. 
 
Because worker fallibility is inevitable, particularly as new and unfamiliar procedures are 
undertaken in new facilities, proper design and certification of engineering controls is critical. 
In 2023, the Defense Nuclear Facilities Safety Board criticized DOE's assertion that additional 
safety controls were not required for the design and development of the pit production facility 
at Savannah River. According to the DNFSB, project personel asserted that "workers can use 
their senses to detect accidents such as a glovebox spill or fire and exit the area before receiving 
significant radiological exposure", thereby avoiding designation of certain systems as safety 
significant controls (Connery 2023). This stance ignores the imperceptible risk of radiation and 
the well-documented history of accidents and worker exposure at both Los Alamos and 
Savannah River – a history that clearly demonstrates the ways in which both administrative 
and engineering controls have failed to protect workers in the past.  
 

ACCIDENTS 

Even relatively sophisticated worker protection measures, procedures, and equipment have 
not prevented a chequered safety history within the plutonium facility at LANL. A number of 
relatively serious accidents have occurred over the past 15 years involving violations of 
criticality safety rules, plutonium intake by workers, glovebox fires, floods, and failures of 
equipment that have lead to contamination outside of glovebox enclosures.  

Recent years have seen several instances of what Los Alamos terms 'overmass conditions' 
(perhaps a deliberate avoidance of the term 'criticality') within PF-4, including one well-
publicized incident in 2011 that ultimately triggered a multi-year shutdown of the facility in 
2013 (Center for Public Integrity and Malone 2017; Center for Public Integrity, Smith, and 
Malone 2017). 'Overmass' does not always imply that a criticality accident is imminent. It 
suggests that workers exceeded what are considered safe administrative limits for material 
within a given space or geometry, often by accident or fault of accounting for material as it 
moves through the facility or storage vaults.  
 
The 2011 event was neither accidental nor attributable to faulty accounting. It involved 
workers staging eight plutonium rods within inches of each other to take a photo of their work 
(Fig. 9) – an egregious violation of basic criticality safety since close physical proximity of 
fissile material can lead to a nuclear chain reaction, particularly if a means of slowing or 
reflecting neutrons back into the material is present. Water can have this effect, but so can a 
worker's hand, making it potentially dangerous to physically intervene to increase separation. 
To make matters worse, the response to this event was mishandled, with workers in the room 
allowed to return to their tasks. The incident lead to the resignation of several criticality safety 
officers, allegedly out of frustration over lax attention to rules and, two years later, led NNSA 
management to order a complete facility shutdown while safety measures were re-evaluated. 
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When work resumed in 2017, the shortage of qualified criticality safety engineers was cited as 
an ongoing concern (Malone and Smith 2017).  
 
A 2003 risk assessment for an earlier, proposed pit production facility (the Modern Pit 
Facility) estimated the potential frequency of a criticality accident at ~1/100 per year – higher 
than other risks including fire and radioactive material spills (US Dept of Energy 2003). While 
criticality accidents are extremely dangerous and can result in lethal acute doses of radation to 
anyone in close proximity, they do not result in a nuclear explosion  (as occurs in a weapon) 
because of the material configuration. This means that criticality accidents do not pose a 
significant risk to the public, but could be lethal for workers and result in signifcant 
contamination. Criticality incidents have continued to be routinely logged in PF-4, including 
flooding of a vault containing fissile material in 2021 (Roscetti 2021)and as recently as April of 
2024 as work accelerates to produce the first weapon-ready pit (Gutowski 2024a).  

Glovebox operations are another frequent source of accidents within PF-4. Gloveboxes are 
intended to contain radioactive material and protect workers from contact with hazardous 
materials. Compromised gloves have torn away from the glovebox when workers inserted 
their hands and small tears or breaches of the gloves themselves occur routinely as a result of 
chafing, tool use, pinches, or other mechanical or chemical insults. Many glove breaches are 
relatively benign if detected rapidly because plutonium is primarily an alpha-emitter and  
personal protective clothing and skin are capable of blocking alpha radiation. If breaches are 
detected using routine hand scans when workers withdraw from the gloveboxes, any 
contaminaton can be localized. Despite this, not all glove breaches are benign. 

Figure 9   

  

Left: The 2011 photograph showing several kg of cast plutonium rods in close proximity, in violation 
of criticality safety rules. This incident ultimately led to a multi-year facility shutdown but other 
'overmass' incidents have since occurred. Right: a glovebox training facility where workers practice 
procedures, including an overhead trolley similar to that used in PF-4, used to move material 
between boxes. Source: Left- Los Alamos National Laboratory/US Department of Energy, Right- 
Michael Pierce, Los Alamos National Laboratory 
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Some glovebox accidents have resulted in serious consequences. In 2020, several incidents 
were attributed to a 'bad batch' of gloves, including one in which a worker was found to have 
extremely high 238Pu activity on their personal protective clothing (300,000 disintegrations per 
minute, or roughly 1/10th of the annual occupational exposure limit per minute of 
exposure)(Roscetti 2020). Just a few months later, 15 workers were simultaneously exposed to 
238Pu following another glove breach. Six of them were determined to have had internal uptake 
and at least one underwent chelation treatment (Connery 2024; Wyland 2020). A 2022 incident 
resulted in exposure of six workers, three of whom had suspected intake that could exceed 2 or 
more times the annual occupational limit (Roscetti 2022). One underwent chelation treatment 
(Connery 2024). These are just the most serious instances out of many cases that required 
'bioassay' of affected individuals. 
 
Glove breaches occurred as often as three times in a single week and roughly 2.5 times/month 
prior to 2021, when 19 instances were noted. A series of 10 incidents in late 2022-2023 spurred 
further review and criticism of the lab's glovebox safety program as work accelerates at the 
facility (Connery 2024). The regularity of these events suggests the potential for routine 
mobility of Pu throughout the facility – a possibility that appears to be borne out from reports 
of contamination on workers' skin in areas thought to be previously decontaminated (Wyland 
2024b) and another recent case in which contamination was detected on a worker who was 
near but had not used a glovebox that suffered a breach (Dwyer 2024c).   
 
Other glovebox incidents have included fires (3 in 2023, alone, due to the pyrophoric nature of 
Pu and calcium in material being repackaged), a glovebox tipping over without releasing 
radioactive material (2016), and a glovebox window being shattered when a worker lost 
control of a container, causing it to slip. Failed seals, improper valve closure and other 
engineering deficiencies have also led to dangerous conditions which compromised the 
integrity of gloveboxes to protect workers and others have been exposed while 
decontaminating and removing older boxes from the facility. 
 
Triad National Security LLC, the contractor that operates LANL on behalf of the Department 
of Energy, was reprimanded by the NNSA in 2021 over safety lapses at PF-4. A series of 5 
"series II violations" related to 4 separate incidents  were noted between February, 2021 and 
July, 2021. These involved a criticality safety violation, radioactive skin contamination of three 
employees, the aforementioned flooding of a fissile material vault and separate flooding of 
gloveboxes containing fissile material through the glovebox ventiliation system. "Series II" 
violations “represent a significant lack of attention or carelessness towards responsibilities of 
(Department of  Energy) contractors for the protection of public or worker safety" (O’Neill 
2023). This cluster of events resulted in a notice of violation from NNSA and $1.4M in penalties 
(Prokop 2023). This represents only 3% of Triad's annual fee and NNSA's FY2021 performance 
evaluation of Triad was "excellent" or "very good" in all categories (“FY21 Triad Performance 
Evaluation Summary” 2021).  
 
The most recent performance evaluation for Triad's management of LANL, issued in 
December of 2023, states that "Triad increased its production facility construction, 
maintenance, and program activity levels in pursuit of pit production milestones and identified 
several processes that needed improvement to provide for the safety of personnel. However, 
despite identifying needed improvements, Triad did not pursue safety related process 
improvements". NNSA again issued "very good" or "excellent" scores for all performance 
categories despite the noted lack of improvements to protect workers (“LANL FY 2023 
Performance Evaluation Report” 2023).  
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The apparent contradiction between administering minor penalties for safety violations while 
citing "very good" and "excellent" achievement of performance metrics points to a mission-
driven culture with an over-reliance on human infallibilty to ensure the safety of extremely 
hazardous processes. The 2021 notice of violation cited Triad's failure "to identify and correct 
quality problems in a manner that effectively prevented recurrence" and an over-emphasis on 
corrective actions "that focus on preventing employees from making mistakes rather than on 
making more effective and longer-lasting changes to engineered controls" that can serve to 
avoid the cause in the first place (“Preliminary Notice of Violation, Triad National Security, 
LLC” 2023).  
 
As with safety-class active ventilation, the cost of effective engineered controls is typically 
higher than the cost of employee training, but this choice results in less-reliable accident 
prevention and is contrary to widely-accepted best-practices in occupational health and safety 
which prioritize engineered controls as a first line of protective defense (CDC 2024). An over-
reliance on worker training may be especially perilous during the ramp up to full-scale pit 
production when a large number of workers are new, temporary trade workers are onsite, and 
new procedures and work flows are being developed. 

This is not a one-off. This is a pattern. This suggests the lab does not have sufficient controls to 
undertake the extraordinarily hazardous, new operations of pit production. They are having 
repeated contamination events, which shouldn’t be occurring.” - Dan Hirsch, retired director of 
environment and nuclear policy programs at the University of California, Santa Cruz, quoted in 
the Sante Fe New Mexican, Jan 9th, 2024. 

ADEQUACY OF WORKER TRAINING 

Many accidents that have occurred over the past several years within PF-4 appear to have 
resulted from incomplete or inadequate preparation of workers to evaluate and manage the 
complex and interconnected risks that exist within the facility.  
 
Pit production has created a demand for thousands of new employees; 2077 at Los Alamos in 
FY22 and a similar number anticipated in FY23 (“Laboratory Employee Demographics and 
Housing Demand Information for the Construction Industry” 2023).  Many of these new hires  
will lack significant experience in a high-security lab setting with a unique combination of 
hazards. Difficulty recruiting for certain positions has resulted in LANL investing in their own 
local training pipelines within nearby community colleges and offering full-tuition 
scholarships for tracks that cater to the lab's staffing needs. These programs are training 
would-be staff for positions as radiological control technicians, electrical and mechanical 
trades, waste management, and numerous other support roles. According to a technical 
director at LANL, positions at PF-4 come with a $20,000 "environmental" bonus in order to 
recruit people to work in what they termed their "more challenging facilities" (Guzmán 
2023c).  
 
The cultural and socio-economic differences between Los Alamos and the surrounding region 
(noted in the opening of this chapter) creates a stark contrast between most regional 
employment opportunities and those at the national lab. LANL's specialized training programs 
result in associates degrees or specialized certificates and come with the allure of above-
average salaries but it is not clear that they are adequately preparing future employees to adopt 
the risks they are likely to encounter on the job.  
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LANL's 2023 performance evaluation noted that Triad had increased the number of craft 
workers and radiological control technicians, but blamed schedule slippage and "substantial 
cost overruns" on inadequate training, lack of "qualified and experienced resources" who 
were not able to meet demands (“LANL FY 2023 Performance Evaluation Report” 2023). This 
has resulted in numerous incidents, including electrical accidents that were blamed on 
employees performing 'out of scope' work or not complying with procedures, unintended 
radiation exposures, damage to new equipment due to lack of experience with installation, and 
severe physical injuries.  
 
Recent events continue to call worker training into question. In March of 2024, workers placed 
heavy equipment on a plate for a pressure-activated decontamination shower, apparently 
unaware of it's purpose. Water flowed until it seeped through walls and floors, reaching the 
basement and requiring decontamination of several areas. This was the sixth major flooding 
event in the facility since 2018. As a result, the Associate Laboratory Directorates for Weapons 
Production and Plutonium Infrastructure instituted a safety pause at PF-4 during which they 
"engaged the workforce in discussions about work tempo" and  "balancing safety and 
production" (Dwyer 2024a; 2024b). Just a week later, night-shift employees largely ignored 
evacuation protocols in response to a glovebox fire alarm, having been told that it was 
inadvertently actuated.  
 
Of greatest concern is whether all employees within PF-4 are adequately trained for the 
potential radiological risk. Because of the classified nature of the work within PF-4, many 
trade workers who perform temporary work and lack security clearances must be escorted at 
all times by a cleared individual. The Defense Nuclear Facilities Safety Board noted in 
December of 2023 that "facility specific contamination monitoring training is not being 
assigned until personnel meet all security requirements for unescorted access to the facility", 
implying that escorted personnel will not have received training to monitor themselves. While 
radiological control technicians (RCTs) would normally ensure that protocols are followed, at 
least one newly-trained RCT from the laboratory's training pipeline performed work for 
several weeks in 2023, including entry into radiologically controlled areas, without having 
been assigned a personal radiation dosimeter (Dwyer 2023). Personal dosimeters represent one 
of the most fundamental components of radiological safety. This event therefore calls into 
question the adequacy of the RCT's training as well as their preparedness to ensure the safety 
of those who may depend on them.    

AMBITIOUS SCHEDULING INCREASES RISK 

NNSA currently has a congressionally mandated deadline to produce 30 pits per year by 2026 
at Los Alamos and 80 pits per year by 2030 using both of the chosen production sites (“50 U.S. 
Code § 2538a - Plutonium Pit Production Capacity,” n.d.). It is widely acknowledged, including 
by NNSA administrators, that this goal is unattainable, particularly at Savannah River, which 
faces severe delays and complications. Despite the introduction of congressional amendments 
to remove the 80 pit/year requirement (“Garamendi Fights Against Wasteful, Dangerous 
Nuclear Weapons Spending in National Defense Authorization Act | Congressman John 
Garamendi” 2024), it was preserved in the House version of the 2025 National Defense 
Authorization Act. This deadline was arbitrary to begin with but is increasingly out of sync 
with the delays facing the warhead and missile programs that it is intended to support. In 
rushing to meet the 2026 and 2030 production goals, NNSA unnecessarily increases risk to 
workers, nearby communities, and to their own ambitions should a severe accident occur.  
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In 2022, round-the-clock operations began at PF-4 in an effort to maximize productivity and 
allow simultaneous removal and decontamination of old equipment while new equipment was 
installed and brought online for pit production, all while other work in the facility carried on. 
Not by coincidence, the number of reported safety incidents in 2022 rose by 33% compared to 
the previous year. In 2023, NNSA noted that Triad had struggled to gain timely approval for 
Documented Safety Analysis (DSA) and Technical Safety Requirements (TSR) to meet DOE 
standards for the plutonium facility, often requiring multiple resubmissions to gain approval, 
demonstrating that inattention to safety is actually counterproductive rather than expedient 
(“LANL FY 2023 Performance Evaluation Report” 2023). 

In another sign that ambitious deadlines are leading to increased risk tolerance at LANL, in 
January of 2024 the lab requested permission to increase the types of activities that are 
allowed under what is called "limited operations mode" – a condition usually induced by the  
incomplete functioning of safety systems in the facility, whether planned or unplanned 
(Gutowski 2024b). Limited operations mode is sometimes invoked to allow construction 
activities, temporary shutdowns of critical systems during equipment changeovers, or in the 
wake of accidents requiring remediatory action or investigation. The request to increase the 
allowed scope of work under such conditions suggests that Triad finds the associated safety 
requirements and/or lost time too cumbersome to meet deadlines and is willing to accept a 
higher risk threshold in the name of convenience.  

Alleviating the mandate for arbitrary production deadlines could have a significant positive 
impact on worker safety, reduce overall project risk, reduce costs, and allow a more careful 
approach to what are arguably some of the most hazardous processes undertaken by the 
weapons complex. Rushing to achieve production with newly trained workers, new 
equipment, and new procedures while seeking opportunities to shortcut safety puts workers, 
communities, and the program at risk. 

Looking Forward : Handling a Growing Waste Stream 

A LONG-TERM SOLUTION OR A SHORT-SIGHTED PLAN? 

A future risk that has yet to fully materialize is the issue of waste that results from pit 
production and how it will be handled in addition to existing waste streams and legacy waste 
that is still onsite and awaiting remediation and disposal. Because LANL has limited capacity 
to accumulate nuclear waste onsite (and very little at the technical area where pit production 
takes place), continuous and efficient waste removal will be required to ensure productivity at 
projected levels. This risks overburdening an already challenged waste managmenent stream.  

Pit production generates both liquid and solid waste. These include acids, radioactive liquid 
waste, chemicals and salts, contaminated consumables (such as gloves, rags and other single-
use items), metals, tools and even entire gloveboxes retired from service. This waste must be 
transferred to the laboratory's transuranic waste management site, where it is packaged and 
prepared for shipment to the Waste Isolation Pilot Plant (WIPP), near Carlsbad, NM. LANL 
estimates that they will generate in excess of 2000 containers of transuranic waste per year 
once they reach the 30 pit/year production rate (McConnell 2020). If the waste stream is 
proportional to production levels, Savannah River can be expected to contribute another 
~3,300-3,500 containers annually. 
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WIPP remains the sole repository for nuclear waste in the United States (“U.S. Department of 
Energy’s Waste Isolation Pilot Plant - About Us,” n.d.). It began receiving shipments in 1999 
and was originally slated to house up to 175,000 cubic meters of nuclear waste in an 
underground geologic setting that would be secure for 10,000 years (239Pu has a half-life of 
24,300 years). As the name suggests, the 'Pilot Plant' was originally expected to close in or 
around 2024. The lack of any feasible alternative disposal site has led to the inevitable 
extension of WIPP's operation. In 2023, the state of NM granted a 10 year permit renewal 
however DOE contends that they may need to rely on the facility into the 2080s (Hedden 2023). 
Projected capacity at WIPP as well as prioritization of legacy waste vs newly-produced waste 
remain contentious and illustrates the multifaceted uncertainties in US long-term nuclear 
waste management strategy. 
 
DOE claimed that WIPP was nearing 43% of it's licenced capacity as of 2024 but nonetheless 
required additional physical space going forward, resulting in additional excavation (Forinash 
and Hobbes 2024). A 2020 National Academy of Sciences study concluded that the facility may 
have insufficient capacity to absorb pit waste in addition to other transuranic waste and 
surplus plutonium from across the complex under its originally specified quota (Committee on 
Disposal of Surplus Plutonium at the Waste Isolation Pilot Plant et al. 2020). One condition of 
the New Mexico Environmental Department's recent permit renewal is that they reserve the 
right to close the site down if Congress approves increased capacity in the future, ostensibly 
prohibiting any future expansion. The recent defeat of a separately-proposed interim storage 
facility for nuclear fuel that would have been situated nearby appears to demonstrate that 
long-time vocal opposition from NM residents is resonating with state government and 
licensing agencies who may have a diminishing appetite for hosting nuclear waste (“N.M. 
Delegation Statement on Nuclear Regulatory Commission Approval of Holtec” 2023).   
 
WIPP's future operation and capacity for pit waste could also be jeapordized by accident. In 
2014, two closely spaced accidents resulted in a three year closure of the underground 
repository after a mining truck caught fire underground and when a barrel of improperly 
packaged radioactive waste exploded, severely contaminating a portion of the facility and 
sending plutonium to the surface up to 20 miles away (Klaus 2019). Although NNSA argues the 
benefits of redundancy in having a two-site pit production capability, another accident such as 
those in 2014 would likely result in both sites having to cease operations since the capacity for 
onsite waste accrual at Los Alamos and Savannah River is finite. Reliable and safe long-term 
storage is therefore an Achilles heel for plutonium pit production as well as the associated 
expansion of the US nuclear arsenal.  

THE PERILS OF YESTERDAY'S WASTE 

Even in the absence of new waste from pit production, both Los Alamos and Savannah River 
still play host to decades-old waste that awaits proper disposal and remediation – a problem 
that will only be compounded as pit production accelerates. At LANL, most of this work occurs 
at the labs transuranic waste treatment facility at Technical Area 54, including a site known as 
Area G where pit production waste would be packaged and staged prior to being shipped to 
WIPP (Fig. 11). Area G was originally opened in 1957 as a waste dump and contains "32 pits, 
194 shafts, and four trenches with depths ranging from 10 to 65 feet below the original ground 
surface" (“TRU Waste Management Area G - Fact Sheet” 2019). The waste burial sites are 
believed to be unlined and contain mixed legacy radioactive waste (Abbott 2011). Above 
ground, the site hosts around 2200 transuranic waste drums, only ~170 of which met criteria 
for disposal at WIPP as of 2022. More than 1550 are thought to require some type of 
remediation (Thatcher 2022), repackaging or separation of incompatible waste in order to  
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Figure 10 Routes and vehicles used for transuranic waste shipments to the Waste Isolation 
Pilot Plant 

 

 

Transuranic waste reaches the Waste Isolation Pilot Plant (WIPP) via interstate highway using 
specially designed trucks laden with 'TRUPACT' waste shipment containers, each of which can hold 
fourteen 55-gallon drums of waste. The containers are designed to be bullet proof, crash and fire 
resistant.  
SOURCE: Waste Isolation Pilot Plant/US Department of Energy, Los Alamos National Laboratory 
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avoid a repeat of the drum explosion that occurred at WIPP in 2014. 30-40 shipments of ~ 17 
drums each are expected to be made annually, at a cost of around $100,000 per drum 
(Summerscales 2023). 
 
In addition to the hazards already present at Area G, the site is perhaps one of Los Alamos's 
most vulnerable. Temporary dome structures are used to house above-ground waste at the site 
and they lack most of the structural and engineering controls (including advanced fire 
suppression and HEPA air filtration) that would be present in a more permanent structure to 
help prevent accidental material release. The domes are classified as Category 2 nuclear 
facilities, meaning that there is "the potential for significant onsite consequences" according to 
DOE standards (“Hazard Categorization and Accident Analysis Techniques for Compliance 
with DOE Order 5480.23, Nuclear Safety Analysis Reports” 1992) however the site is less than 
one mile from newly constructed residential housing in White Rock, NM (Fig. 11) and has been 
threatened by wildfires in recent years, arguably raising the risk of significant off-site 
consequences as well, particularly from airborne dispersal of contamination, accidental 
rupture of waste containers or fire, all of which could result in relatively high mitigated offsite 
doses of radiation (Connery 2022a; Dunlevy et al. 2020).   
 
As with PF-4, increasing the demand and pace of work on the site is likely to elevate risk for 
workers and nearby communities and should be considered as part of the cumulative risk 
associated with pit production. 
 
Ultimately, the problem of waste management and remediation of past waste is a question of 
priorities. In introducing his 2024 budget, President Biden quoted his father as saying "show 
me your budget and I'll tell you what you value". The federal budget requests in FY25 for 
environmental management were 15.3% and 10.6% below FY23 levels at Los Alamos and 
Savannah River, respectively, while the NNSA saw a 16% increase in its weapons activities 
budget over the same period. Legacy waste cleanup at Los Alamos represents roughly 5% of the 
lab's FY25 funding while pit production will consume roughly 40% of a record $5B annual 
budget (“DOE Budget in Brief - FY 2025 Congressional Justification” 2024).  
 
The true environmental cost of nuclear weapons production is virtually insurmountable given 
the long-lived nature of what is left behind and the near impossibility of achieving complete 
environmental restoration.  As the New York Times noted in an analysis of what may be a $528 
billion dollar cleanup effort at Hanford, Washington, "at site after site, the solution has come 
down to a choice between an expensive, decades-long cleanup or quicker action that leaves a large 
amount of waste in place" (Vartabedian 2023). For the most part, current US plans are 
prioritizing the latter in favor of efforts that exacerbate the problem going forward as new 
weapons development is undertaken. As scholar Shannon Cram wrote, "The challenge of 
remediation, then, is to measure and manage the conditions of carcinogenic encounter—titrating 
environmental contamination with human activity to achieve the appropriate balance of 
permissible dose" (Cram 2015).  
 
The requirements for pit production outlined in this work recall a similar tension – that 
between measuring and managing perceived national security requirements and the human 
and environmental costs that are deemed permissible and borne domestically to deliver that 
security. 
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Figure 11 Proximity of LANL's primary transuranic waste site to the general public 

 

 

Top: Map of Los Alamos National Laboratory cleanup locations, with detail of TA-54 (Area G) shown 
in inset. The area contains numersou trenches and shafts containing buried waste as well as above-
ground transuranic waste, some of which is deemed unsuitable or unsafe to be shipped to WIPP. 
Bottom: Aerial image showing the proximity of the Area G transuranic waste storage area from new 
housing being built in White Rock, a community adjacent to Los Alamos where many laboratory 
employees reside. SOURCE: Top - (Anderson 2023); Bottom - Modified from Google Earth, 2024 
(Spaulding/UCS) 
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