COLORADO

Division of Reclamation,
Mining and Safety

Lo

September 15, 2021

Department of Natural Resources

Jim Harrington

Colorado Legacy Land, LLC

12150 E. Briarwood Ave., Suite 135
Centennial, CO 80112

RE: Schwartzwalder Mine, Permit No. M-1977-300, 112d-2 Amendment Application (Revision
No. AM-6), Notice of Objections Received

Mr. Harrington:

The Division of Reclamation, Mining and Safety (Division) has received timely objections to the
Amendment No. 6 application (AM-6) submitted for the Schwartzwalder Mine. These objections were
received within the public comment period which began when the application was filed for review on July
29, 2021, and which closed on September 15, 2021. Because a timely objection has been filed, pursuant
to Rule 1.4.9(2)(a), the Division shall schedule the permit application for a hearing before the Mined Land
Reclamation Board (Board). Notice of the Board hearing will be sent once it is scheduled.

Timely objections received:

1) September 15, 2021 — Objection letter received from City of Arvada.

2) September 15, 2021 — Objection letter received from Denver Water.
Copies of the letters received are enclosed for your records. Please inform the Division of how the
applicant intends to address the jurisdictional issues raised by objecting parties. This information can be

submitted during the adequacy review process.

If you have any questions, you may contact me by telephone at 303-866-3567, ext. 8129 (office) or 303-945-
9014 (mobile), or by email at amy.eschberger@state.co.us.

Sincerely,

Of'”’“‘f Cubspr

Amy Eschberger
Environmental Protection Specialist

Encls: Objection from City of Arvada, received on September 15, 2021
Objection from Denver Water, received on September 15, 2021

Cc:  Paul Newman, Colorado Legacy Land, LLC

1313 Sherman Street, Room 215, Denver, CO 80203 P 303.866.3567 F 303.832.8106  https://drms.colorado.gov
Jared Polis, Governor | Dan Gibbs, Executive Director | Virginia Brannon, Director
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Eric Williams, Colorado Legacy Land, LLC
Elizabeth Busby, Ensero Solutions US, Inc.
Billy Ray, Ensero Solutions US, Inc.
Michael Cunningham, DRMS



9/15/21, 3:14 PM State.co.us Executive Branch Mail - Comments on Schwartzwalder Mine - File No. M-1977-300, Colorado Legacy Land LLC Ame...

STATE OF

COLORADO Eschberger - DNR, Amy <amy.eschberger@state.co.us>

Comments on Schwartzwalder Mine - File No. M-1977-300, Colorado Legacy Land LLC
Amendment Application (AM-6)

Sharon Israel <sisrael@arvada.org> Wed, Sep 15, 2021 at 1:59 PM
To: "Eschberger - DNR, Amy" <amy.eschberger@state.co.us>, Aimee Konowal <aimee.konowal@state.co.us>, "Arnold, Daniel J."
<Daniel.Arnold@denverwater.org>, jill.ryan@state.co.us, Meg Parish <meg.parish@state.co.us>, "Opila - CDPHE, Jennifer"
<jennifer.opila@state.co.us>, Nicole Rowan - CDPHE <nicole.rowan@state.co.us>, James Grice <james.grice@state.co.us>,
thomas.debrah@epa.gov, Shiya Wang <shiya.wang@state.co.us>

Hello Amy,

Please see the attached letter with the City of Arvada's comments on the recent amendment application for the Schwartzwalder
Mine in Jefferson County, Colorado.

We sincerely appreciate your efforts and the work by DRMS to oversee the operations at this decommissioned uranium mine in
the watershed upstream of Arvada's drinking water supply.

As you see, we are also cc'ing the Colorado Department of Public Health and Environment and USEPA Region 8 on our
comments. We request DRMS consult with these agencies on environmental and public health impacts associated with the high
levels of uranium and other materials in the underground mine pool. We further request a meeting with the City of Arvada,
Denver Water, and the regulatory agencies to discuss the future of this site. It is our opinion that a plan for perpetual operation
needs to be contemplated for the long-term future, and it is time to start those discussions.

Thank you,
Sharon

Sharon Israel, P.E.
Director of Utilities

City of Arvada

8101 Ralston Road
Arvada, Colorado 80001
720.898.7761 (office)
720.822.6334 (cell)
sisrael@arvada.org
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ﬂ Colorado Legacy Land permit amendment comments to DRMS 091421.pdf
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UTILITIES DEPARTMENT
FACSIMILE: 720-898-7603 A TDD: 720-898-7869
PHONE: 720-898-7760

September 14, 2021

Ms. Amy Eschberger

Colorado Division of Reclamation, Mining and Safety
1313 Sherman Street Rm 215

Denver, Colorado 80203

Re: Colorado Legacy Land, LLC — Permit M-1977-300 - Amendment Application
(Amendment 6)

Dear Ms. Eschberger,

The City of Arvada (“City”) has reviewed Application Amendment 6 for mine permit M-
1977-300 (“Amendment 6”) submitted by Colorado Legacy Land LLC (“CLL”") concerning
the Schwartzwalder Mine in Golden, Colorado. The City believes the Division of
Reclamation, Mining and Safety (“DRMS”) should deem Amendment 6 deficient and
require CLL to supplement with additional information. Additionally, we request that
DRMS increase CLL’s financial warranty due to the inability of CLL to stabilize the mine
pool chemistry with its current method of operation.

The City further requests DRMS consult with the Colorado Department of Public Health
and Environment and the US Environmental Protection Agency, Region 8 on this
amendment. The City has serious concerns about the approach CLL is taking to their
management of the site. There is high concentration of uranium in the Mine Pool, the
conceptual site model is inadequate, and there is general lack of data and analysis
providing evidence that the uranium is not migrating in the groundwater. We also
believe there is inadequate protection of the environment in case of a flood or wildfire
emergency.

These are all aspects of the site that have serious risk to public health and the
environment. The City believes CDPHE and USEPA need to have a role in oversight of
the Schwartzwalder Mine operation in the context of the Clean Water Act and state and
federal regulatory authority related to radioactive contaminants.

We do appreciate the progress CLL has made and continues to make with remediation
at the Schwartzwalder Mine. As you know, Schwartzwalder Mine discharges directly
impact the drinking water supply to a large number of Colorado residents, including
residents of the City. The City has a vested interest in the public health, safety and
welfare of its citizens. Increased levels of uranium or other contaminants can harm
public health as well as cause increased treatment and residual disposal costs due to
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TENORM. When the City is required to dispose of TENORM, the cost is 700% higher
than our standard disposal cost.

Accordingly, it is imperative that this site is sustainably operated with drinking water
source water protection and public health as priorities in both the near and long-term.

The City has received the results and findings of Denver Water’s extensive technical
review of the amendment, and we are in agreement, in particular with the following
conclusions:

1)

CLL’s Conceptual Site Model is deficient: The current Conceptual Site Model
lacks sufficient data and quantitative analysis. It does not meet ASTM or EPA
standards and guidance for the content of Conceptual Site Model. There is
inadequate evidence that the subsurface hydrogeology and groundwater flows
are well-characterized. Is uranium migrating offsite in the regional groundwater?
This has not been studied with a quantitative groundwater model.

CLL has not stabilized the Mine Pool: Uranium and radium levels in the Mine
Pool are extremely high. On Page 21 of the amendment, CLL states that the
Mine Pool contains Uranium at levels of 12 mg/L, which is 400 times the
Maximum Contaminant Level of 0.03 mg/L allowed in drinking water. Further,
according to Table E-2 on Page 23 of the amendment, the average level of
Radium-226 in the Mine Pool is 61 pCi/L, which is over 12 times the Maximum
Contaminant Level of 5 pCi/L for combined Radium allowed in drinking water.
The data in Figure E-5 also demonstrate that uranium levels are increasing in the
Mine Pool. This is logical because concentrated brine from the Reverse
Osmosis treatment process is not being removed from the site, but rather is
being discharged back into the Mine Pool.

The City does not believe CLL provides sufficient evidence to exclude the
“suspect data” showing very high levels of uranium in Figure E-3 in the
amendment.  This needs additional study before we have confidence in the
stability of the Mine Pool.

Further, with only two monitoring wells used to estimate groundwater gradients,
there is insufficient evidence that the Mine Pool is contained. Data on only two
wells (MW-15 and MW-18) were provided in the amendment in Table E-1.

The long-term operational costs to minimize harm to the prevailing hydrologic
balance and avoid unauthorized discharges should be reevaluated: On Page 44
of the amendment, there is a statement that the costs are “consistent with the
remaining scope of work at the site.” However, the current method of operating
the site will require perpetual pumping and onsite treatment. This inconsistency
of planning periods (limited scope vs perpetual) is very concerning to the City.
The estimate of cost of operating this site (Table L-1 in the amendment) appears
unrealistically low, and it also does not reflect perpetual operation. One example




is the estimate of $30,000 to decommission the water treatment plant. By
comparison, the City recently began demolition of a small decommissioned water
treatment plant, which did not include membranes used for radionuclide
treatment, and the cost is exceeding $250,000. We believe the operational costs
need a more detailed review, and an increase in CLL’s financial warranty to be
set accordingly.

We understand that the timeframe for CLL to operate the site is less than 20 years.
After that time, will this site become a public obligation to operate and care for into the
indefinite future? This question remains unanswered. As part of this amendment
process, we request a meeting with DRMS, CDPHE, US EPA Region 8, Denver Water,
and the City of Arvada to discuss the future of this site.

Thank you for the opportunity to comment. If our comments are not addressed and
incorporated into the amendment permit, we reserve our right to a hearing in front of the
Colorado Mined Land Reclamation Board (CMLRB).

Sincerely,

Yo AN {&

Sharon M. Israel, P.E., ENV SP
Director of Utilities

CC (by email):

Daniel Arnold, Attorney, Denver Water

Jill Hunsaker Ryan, Executive Director, CDPHE

Jennifer Opila, Director, Hazardous Materials and Waste Management Division, CDPHE
Nicole Rowan, Director, Water Quality Control Division, CDPHE

Deb Thomas, Regional Administrator (Acting) and Deputy Regional Administrator, US
EPA Region 8



9/15/21, 3:20 PM State.co.us Executive Branch Mail - CLL Application For Permit Amendment No. 6 - M1977300

zgﬂfni;o Eschberger - DNR, Amy <amy.eschberger@state.co.us>

CLL Application For Permit Amendment No. 6 - M1977300

Arnold, Daniel J. <Daniel.Arnold@denverwater.org> Wed, Sep 15, 2021 at 2:08 PM
To: "Eschberger - DNR, Amy (amy.eschberger@state.co.us)" <amy.eschberger@state.co.us>, "Cunningham - DNR, Michael
(michaela.cunningham@state.co.us)" <michaela.cunningham@state.co.us>, Jeff Fugate <Jeff.Fugate@coag.gov>, "Means - DNR,
Russ" <russ.means@state.co.us>

Cc: "Witheridge, Alison" <Alison.Witheridge@denverwater.org>, Emmy Apostol <eapostol@geosyntec.com>, Jason Kerstiens
<JKerstiens@geosyntec.com>, "Poncelet, Nicole" <Nicole.Poncelet@denverwater.org>, Sharon Israel <sisrael@arvada.org>, Evan
Valencia <evalencia@ensero.com>, CLL- Jim Harrington <jim@coloradolegacy.land>

Attached, please find Denver Water’'s comments in response to CLL’s application for permit amendment no. 6. If you have any
questions regarding the attached, please feel free to contact me.

| would appreciate it if you could please confirm receipt.

Thank you

Daniel J. Arnold | Attorney | Office of General Counsel
Denver Water | t: 303-628-6469 | e: daniel.arnold@denverwater.org
denverwater.org | denverwater.org/TAP

@ DENVER WATER

5 attachments

E DW Attach C - Reclamation Costs Memo.pdf
195K

ﬂ DW Attach B - Mine Pool Stabilization Memo.pdf
2943K

ﬂ DW Attach A - CSM Memo.pdf
4361K

ﬂ Recommendation Summary Table v2.pdf
126K

ﬂ 20210915 Final M1977300 AM-06 DW Public Comment Letter.pdf
204K
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denverwater.org

Sent Via Email

September 15, 2021

Amy Eschberger

Division of Reclamation, Mining and Safety
Colorado Dept. of Natural Resources

1313 Sherman Street, Room 215

Denver, Colorado 80203

Re: Schwartzwalder Mine — File No. M-1977-300, Colorado Legacy Land, LLC —
Amendment Application (Amendment 6)

Dear Ms. Eschberger:

Denver Water is submitting its written comments in response to the Application Amendment 6 for
mine permit M-1977-300 (“Amendment 6”) submitted by Colorado Legacy Land LLC (“CLL”)
concerning the Schwartzwalder Mine in Golden, Colorado. For the reasons discussed below and
in the three enclosed technical memoranda, the Division of Reclamation, Mining and Safety
(“DRMS”) should deem Amendment 6 deficient and require CLL to supplement with additional
information. Denver Water further requests that DRMS increase CLL'’s financial warranty due to
the inability of CLL to stabilize the mine pool chemistry with its current method of operation.

On June 23, 2021, CLL submitted an application to its 112d Designated Mining Reclamation
Permit with the Colorado Mine Land Reclamation Board (“MLRB”) under the provisions of the
Colorado Mined Land Reclamation Act. CLL proposes to reclaim the affected land to wildlife
habitat. In addition, CLL submitted a report prepared by Ensero Solutions US, Inc. dated June
2021 (“Amendment 6 Report”) apparently intended to satisfy conditions number 2 and 3 of the
DRMS revised approval of the transfer of permit and succession of operator (“SO-01") letter dated
February 20, 2018. As set forth in SO-01, conditions number 2 and 3 require CLL to:

2. ...amend Permit No. M-1977-300, pursuant to Rules 1.1(6) and 1.10, affirming
the permanent cessation of mining activities, provide a conceptual site model,
provide a plan addressing the physical and chemical stabilization of the mine pool
and specifically addressing the concentrations of dissolved uranium and other
constituents as required under the conditions of the permit, and updating the
reclamation and environmental protection plans (the "Amendment"). ...

3. Subsequent to the Division's review and approval of the permit Amendment
described above, CLL may further modify the permit through the Technical
Revision or Amendment process, addressing the long term cost of operating of the
water treatment plant and managing the mine pool. The Division anticipates such
demonstration will be based on three consecutive years of data which verify the

Page 1 of 4



Denver Water Comments Re: Amendment 6
M-1977-300
Page 2 of 4

physical and chemical stabilization of the mine pool. Upon such demonstration CLL
may request a reduction in financial warranty in accordance with Rules and
Regulations for that portion of the financial warranty attributable to the water
treatment and management of the mine pool.

Denver Water retained Geosyntec Consultants to review and evaluate the Amendment 6 Report
and to prepare three technical memoranda evaluating CLL’s: 1) conceptual site model; 2) claim
that the data demonstrate the physical and chemical stabilization of the mine pool; and 3) long-
term cost of operating the water treatment plant and managing the mine pool. The conclusions
set forth in the three technical memoranda are summarized below:

1)

2)

CLL’s Conceptual Site Model is Deficient:

A conceptual site model (“CSM”) for a site as complex as the Schwartzwalder Mine is a
critical component for understanding current and future reclamation activities including
long-term water treatment decisions. The CSM fails to satisfy the most basic requirements
of the ASTM Standard applicable to the development of a conceptual site model; nor does
it satisfy EPA’s guidance for conceptual site models, and at best represents an initial first
step toward development of a CSM. The CSM, which does not appear to have been
modified or updated since 2018, should follow EPA and ASTM standard guidance for
developing conceptual site models, including that “a model should be refined and revised
through the site investigation process”.! The CSM has multiple data gaps as
acknowledged by CLL in Appendix 1. These data gaps have not been addressed, nor has
CLL provided all supporting data as is required under SO-1. In addition, CLL’s proposed
CSM fails to consider the full potential range of natural and operational conditions and is
an insufficient basis for development of reclamation and water quality strategies.

A summary of recommended updates to the CSM are presented in a technical
memorandum enclosed as Attachment A to this letter.

CLL has failed to Stabilize the Mine Pool:

Attachment B to Amendment 6 provides a plan addressing the physical and chemical
stabilization of the mine pool, specifically addressing the concentrations of dissolved
uranium and other constituents as required under the conditions of the permit. Denver
Water does not agree that three consecutive years of data verifying the physical and
chemical stabilization of the mine pool has been provided in Amendment 6. Demonstration
of the inward gradient supporting physical stability relies upon only two wells, one of which
only has three data points. CLL also claims that only six months of operation is needed to
maintain the mine pool at 150 feet below the Steve Level Adit, however there is only one
full year of data that supports this claim.

CLL also excludes significant data needed to confirm concentration trends regarding
physical and/or chemical stabilization of the mine pool. Specifically:

" ASTM Standard E1689, 1995 (2014), “Standard Guide for Developing Conceptual Site Models for
Contaminated Sites,” ASTM International, West Conshohocken, PA, 2014, DOI: 10.1520/E1689-95R14 ,
www.astm.org.; United States Environmental Protection Agency, 2011. “Effective Use of the Project Life
Cycle Conceptual Site Model,” Office of Solid Waste and Emergency Response. EPA 542-F-11-011, July.


http://www.astm.org/

Denver Water Comments Re: Amendment 6
M-1977-300
Page 3 of 4

a) Concentration trends for samples taken from the mine pool do not demonstrate its
chemical stability. Although in-situ treatment often helps to decrease uranium
concentrations on a temporary basis, the upward trend of uranium concentrations
appears to resume after each treatment. Furthermore, in a troubling sign, there was
not a significant decrease in uranium concentrations after the most recent in situ
treatment.

b) Amendment 6 reveals several concerns with respect to data collection, analysis, and
planning, including CLL’s exclusion of data, errors in data presentation, faulty
monitoring equipment, and need for contingency planning.

c) Along-term plan for reclamation of the mine pool is not clearly presented, which raises
the question of whether CLL will pump from the pool and treat extracted water
indefinitely.

A summary of recommended updates to the analysis for evaluating chemical and physical
stabilization are presented in a technical memorandum enclosed as Attachment B to this
letter.

3) The long-term operational costs to minimize harm to the prevailing hydrologic balance and
avoid unauthorized discharges should be reevaluated:
Amendment 6 provides a plan addressing the long-term cost of operating the water
treatment plant and managing the mine pool, based on a minimum of three consecutive
years of data which verify the physical and chemical stabilization of the mine pool. Denver
Water does not agree with the long-term operation and maintenance costs presented in
Exhibit L, for the reasons stated in Denver Water’s objection to the Surety Reduction
request dated January 2021. It is premature to draw any conclusions about the long-term
viability of CLL’s treatment approach based upon the limited amount of data that are
available. In addition, the long-term operation and maintenance costs for the water
treatment plant presented in Exhibit L are not adequate to provide financial assurance for
a reclamation strategy in the absence of a schedule for completion.

In addition to the issues raised in the enclosed technical memoranda, Denver Water has several
other concerns that should be considered and addressed by CLL. The reclamation plan presented
in Exhibit E of Amendment 6 does not meet the requirements of the Mineral Rules and
Regulations of the MLRB for Hard Rock, Metal, and Designated Mining Operations (2 CCR 407-
1). Unlike previous amendments, there is no description of the type of reclamation proposed for
the affected lands (for example the Black Forest Mine area or the North Waste Rock Pile upland
area), or a closure plan for mine entrances and portals, or time estimates as to the duration of
these reclamation activities. No justification or description of the alluvial valley excavation,
environmental monitoring, mine opening closures, or backfilling is provided in the reclamation
plan.

The environmental protection plan (“EPP”) was not updated in Amendment 6 as required by
condition number 2 of the SO-1. Denver Water's concern with the reclamation of the
Schwartzwalder Mine and the future impacts to the watershed also includes long-term
management of evolving environmental conditions including climate change and wildfires.
Climate change and wildfires pose a natural threat to conditions at the Schwartzwalder Mine. For



Denver Water Comments Re: Amendment 6
M-1977-300
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example, after the 2013 floods, the underground workings were inaccessible, and the floods
impacted in-situ treatment conditions. More frequent and intense flooding is expected in the future
due to climate change. In addition, wildfires in Colorado have posed significant threats to tree and
shrub coverage that are necessary to help control flow from large rain events. This could impact
infiltration into the mine and waste rock pile stability if a wildfire occurred in the area. Denver
Water recommends the EPP be updated to include strategies for management and mitigation of
these pending environmental conditions.

Denver Water recognizes that CLL has successfully completed several reclamation tasks related
to surface conditions at the mine site. However, to date CLL has not addressed the management
of the mine pool and its potential to impact downstream drinking water resources in the future and
does not establish a viable reclamation plan for minimizing disturbances to the prevailing
hydrologic balance of the affected land and the surrounding area and to the quality and quantity
of water in surface and groundwater system.

For these reasons, Denver Water objects to Amendment 6 pursuant to Hard Rock/Metal Mining
Rule 1.4.9(1) and requests party status to any hearing that is set before the MLRB concerning
Amendment 6 and reserves its right to withdraw this objection if Denver Water's comments are
adequately addressed by CLL. For your convenience, a table with Denver Water's specific
comments and recommendations is enclosed as Table 1.

In closing, | want to thank you for your consideration of our comments. If you have any questions
regarding Denver Water's comments set forth in this letter or the enclosed technical memoranda,
please feel free to contact me.

Sincerely,

Daniel J. Arnold
Attorney
Denver Water

Enclosures:
Attachment A: CSM Technical Memorandum
Attachment B: Mine Pool Stabilization Technical Memorandum
Attachment C: Operational Costs Technical Memorandum
Table 1: Recommendation Summary Table
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Technical Memorandum

Date: September 14, 2021

To: Nicole Poncelet, Denver Water Director of Water Quality & Treatment
Team

From: Emmy Apostol, David Adilman, and Jennifer Nyman, Geosyntec

Subject: Schwartzwalder Mine Amendment 6 Comments — Conceptual Site
Model

CC: Jason Kerstiens, Geosyntec

Figures: Figure 1 — Cross Section of Potential Migration Pathways from Mine

Pool; Figure 2 — Estimate of Bedrock Mine Pool Pumping Capture Zone;
Attachment A — Use of the Project Life Cycle Conceptual Site Model,
EPA Guidance; Attachment B — CLL Cross-Sectional View of
Groundwater Conditions

INTRODUCTION

Denver Water retained Geosyntec Consultants, Inc. to review and evaluate Colorado Legacy Land,
LLC’s (CLL) application for Amendment 6 to the Division of Reclamation, Mining and Safety
(DRMS) mine permit M-1977-300. The purpose of Amendment 6 is to satisfy the conditions of
the revised Succession of Operations (SO-1) approval letter dated February 20, 2018, which
include providing a conceptual site model (CSM), a plan addressing the physical and chemical
stabilization of the mine pool (specifically addressing the concentrations of dissolved uranium and
other constituents), an updated Reclamation Plan, and an updated Environment Protection Plan
(EPP). This Technical Memorandum specifically addresses the CSM provided in Appendix 1 and
described in the Reclamation Plan in Amendment 6.

APPENDIX 1 - PRELIMINARY CONCEPTUAL SITE MODEL

The CSM submitted by CLL consists of a set of slides prepared in 2018 and labeled as
“Preliminary”. These slides are an insufficient basis for reclamation planning and monitoring; the
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CSM should describe the potential movement of contaminants over the full potential range of
natural and operational conditions and provide a picture of current site conditions. The SO letter
indicated the CSM is to include all underlying assumptions and data; CLL has not included these.

Furthermore, the CSM slides include three pages of data gaps, referred to as “Data Issues” to be
addressed. These include:

e More accurate stream flow measurements to evaluate gaining/losing reaches with more
confidence.
e Evaluation of future flood impacts on waste dumps and other facilities.
Additional evaluation of the Illinois Fault Zone, as it may be a significant connection
between the mine area and Ralston Creek.
More robust infiltration/GW recharge evaluation.
More robust mine inflow analysis (in progress).
Continued evaluation of seasonality effects on mine inflows.
Continued evaluation of mine area capture zone and recharge area.
Ongoing evaluation of contamination (mine, alluvium, bedrock, soils):
o Surficial deposits (e.g., waste rock)
o Soil/surface contamination from mining
o Stored mass in alluvium (e.g., sorbed or labile phases like salts)
o Mine pool connection to Ralston Creek and alluvium
o Natural source from mineralized bedrock and secondary deposits in alluvium

¢ Uncertainty in upgradient (background) groundwater concentrations of uranium (i.e., MW-
11).

Based on quarterly data submittals and Amendment 6, CLL has begun addressing some of these
data issues, such as stream flow measurements and more robust flow analysis. However, the CSM
does not indicate the status of these data gaps. The CSM should be updated to include data and
analysis that has been collected in an effort to address these data issues. CLL should also provide
a schedule for addressing any data issues that have not been addressed so far.

Denver Water and Geosyntec acknowledge that CLL has accomplished several reclamation tasks,
and appreciates its work to date. ASTM guidance states that “the model should be refined and
revised throughout the site investigation process.”! The work performed over the last three years
by CLL provides data for informing decisions on reclamation efforts and costs at the site.
Geosyntec recommends that the preliminary CSM provided in 2018 be revised to include data
collected over the last three years.

! ASTM Standard E1689, 1995 (2014), “Standard Guide for Developing Conceptual Site Models for Contaminated
Sites,” ASTM International, West Conshohocken, PA, 2014, DOI: 10.1520/E1689-95R14 , www.astm.org.
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The current set of slides provided as Appendix 1 Conceptual Site Model are titled “Schwartzwalder
Preliminary Conceptual Model”. Guidance published by the USEPA, Effective Use of the Project
Life Cycle Conceptual Site Model (provided as Attachment A), defines six stages of the project
life cycle CSM: 1) Preliminary CSM Stage; 2) Baseline CSM Stage; 3) Characterization CSM
stage; 4) Design CSM Stage; 5) Remediation/Mitigation CSM Stage; and 6) Post Remedy CSM
Stage. The “Preliminary CSM Stage” is described as the “project milestone or deliverable based
on existing data; developed prior to systematic planning to provide fundamental basis for planning
effort.” The Baseline CSM stage is described as “the project milestone or deliverable used to
document stakeholder consensus/divergence, identify data gaps, uncertainties, and needs; an
outcome of systematic planning.”

Based on these definitions, it is our opinion that the current CSM is at the Baseline CSM stage.
Data gaps, uncertainties, and needs are provided in the current version of the CSM. Therefore, we
recommend that the CSM be updated and revised to meet the criteria of the
Remediation/Mitigation CSM Stage. A more detailed diagram and description depicting geologic,
hydrogeologic, chemical information, and fate and transport processes, in support of remedy
design, are recommended to assist key stakeholders such as Denver Water in understanding
complex site information and to increase confidence that solutions are developed “to ensure
protectiveness, effectively manage resources, and limit the environmental footprint of site cleanup
activities.”? Examples of more detailed diagrams and depictions are provided on the fact sheet.

In addition, Geosyntec recommends the preliminary CSM include more detailed descriptions of
work performed by Cotter Corporation prior to 2018 provided in the Environmental Protection
Plan (EPP). Some specific examples of modifications include:

e Onslide 6, average annual precipitation and infiltration is based on data from 1978 — 2005.
Substantial shifts in weather have occurred over the last 20 years. Update the data to include
recent years.

e CLL describes that the brine from reverse osmosis treatment of the “mine pool” water
“remains isolated in the deep workings because of inward hydraulic gradients and density
stratification.” (slide 11). This claim however contradicts CLL’s stated results of the tracer
test which claims that the “mine pool is fully mixed”. Provide a discussion on the effect of
injecting the reverse osmosis (RO) concentrate back into the mine pool.

e Update slide 15 to represent current conditions of sump system due to impacts from
alluvium excavation.

2 United States Environmental Protection Agency, 2011. “Effective Use of the Project Life Cycle Conceptual Site
Model,” Office of Solid Waste and Emergency Response. EPA 542-F-11-011, July.
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e On slide 16, CLL describes mass loading to Ralston Creek from the alluvium. CLL has
performed significant work to mitigate this mass loading. Provide the data supporting a
reduction in mass loading to the creek due to the alluvium excavation work.

e Slides 18 and 19 discuss groundwater in the alluvium and bedrock. This section should be
updated to include 1) subsurface flows through bedrock and alluvium groundwater; 2)
existing data on inward hydraulic gradients; 3) the cross-section diagrams provided in the
quarterly deliverables describing the groundwater flow paths. Also, data should continue
to be collected on inward hydraulic gradients prior to approval, including the installation
of an additional groundwater well, downgradient of the mine pool.

e Annotate slide 22 with arrows to show inflow into the mine. Provide supporting data in the
CSM for estimations of inflow to the mine. Update the CSM to include a contingency of
increased inflow to the mine as a result of climate change impacts in the future.

e Update slide 26 with current mine pool pumping conditions. Describe operations on
receiving brine from the WTP and its potential impact to mine pool chemical stabilization.

e Update slide 27 to provide more detail on in-situ treatment including a description of
previous treatments, plan for brine when it is not acting as an amended slurry for treatment,
and other data collected since 2018 representing the progress of in-situ treatment.

e Update slides 29 and 30 with current groundwater monitoring wells and their data.
Annotate which wells are dry. Provide a diagram describing underground workings with
groundwater wells to demonstrate their purpose in the groundwater network.

AMENDMENT 6 CONCEPTUAL CONSIDERATIONS

Statements from the Amendment 6 Reclamation Plan have been excerpted (in bold italics) and are
followed by Geosyntec’s observations and recommendations (in plain text).

Historical sources, e.g., waste rock dumps and alluvial waste rock fill, have contributed to
mass loading of Ralston Creek, with uranium and metals, and affected the alluvial
groundwater.

A CSM should identify and characterize all of the sources, according to ASTM and EPA standard
guidance. Although the waste rock dumps, alluvial waste rock fill, and alluvial groundwater were
identified and characterized, based on documented historical discharges from the mine pool to
Ralston Creek, the mine pool is also considered a historical source. We recognize that the mine
pool is addressed in the next bullet of the conceptual consideration; details are lacking on the
identification and characterization of the mine pool as a potential source and potential migration
pathways. The established regulatory limit of 150 feet (ft) below the Steve Level, approved by
DRMS during the Amendment 4 Adequacy Review process, lowers the mine pool to an elevation
of approximately 63 ft below Ralston Creek in the permit area to prevent flow from the mine pool
towards the creek.
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Although theoretically this mitigates the direct migration pathway between the mine pool and the
surface water, the CSM does not characterize other potential migration pathways through bedrock
groundwater or faults and fractures such as the Illinois Fault. The Illinois Fault was also identified
as a data gap in the preliminary conceptual model on slide 34 “data issues — hydrology”, which
states “additional evaluation of the Illinois Fault Zone, as it may be a significant connection
between the mine area and Ralston Creek”. In addition, the ASTM Standard Guide for Developing
Conceptual Site Models also provides specific recommendations for updates to the CSM such as
stating that “sources should be located accurately on site maps” and “the potential for both current
and future releases and migration of the contaminants along the complete pathways should be
determined.” Specific recommendations for updates to the diagrams and description in the CSM
should be made, including:

e Provide a definition of the three-dimensional extent of the mine pool and characterization
of the mine pool as a potential source (or historical source) of contaminants to Ralston
Creek.

e Provide two figures/diagrams showing the extents of the uranium plume within the mine
workings on a plan view and cross-sectional view. Examples of the design stage CSM
depicting the extents of plume boundaries is provided in the EPA guidance, Use of the
Project Life Cycle Conceptual Site Model, provided as Attachment A.

e Provide two figure/diagrams depicting the delineation of potential migration pathways
from the mine pool through bedrock groundwater, and other fractures or faults such as the
[llinois Fault Zone. An example of a cross-section is shown in Figure 1.

o Include subsurface flow rates, fractures, and/or other preferred flow paths as
indicated in the ASTM Standard Guide for Developing Conceptual Site Models.

e Include the cross-sectional view of groundwater conditions in the mine pool compared to
MW-15 as provided in the Q4 2020 and Q1 2021 reports and provided as Attachment B.

o This diagram should continue to be updated as data is collected.

e Prepare two figures in plan view depicting the potentiometric surface of groundwater at
different pumping conditions in the mine pool (e.g. at 150 ft below Steve Level Adit and
at 325 ft below Steve Level Adit), similar to Figure 2, to demonstrate that 150 ft below the
Steve Level Adit is adequate for maintaining an inward hydraulic gradient from Ralston
Creek to the mine pool.

o Add an additional groundwater monitoring well downgradient of the mine pool to
refine the potentiometric surface. A recommended location is also depicted on
Figure 2.

Maintaining the mine pool below the regulatory limit (150-feet below the Steve Level) has
led to (i) establishing a hydraulic gradient away from Ralston Creek in the permit area...

Geosyntec recognizes that hydraulic gradients are provided in E.5.1 Physical Stabilization of the
Mine Pool Demonstration which help support this claim under pumping conditions. However, the
data also suggests that the hydraulic gradient away from Ralston Creek is stronger at lower levels
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below Steve Level Adit. This is another example of data that were collected and should be included
in the CSM. This hydraulic (and therefore contaminant) gradient assumes that pumping in the mine
pool will continue in perpetuity; however, this assumption is not stated in the preliminary CSM,
conceptual considerations, or within the reclamation plan. Therefore, according to ASTM Standard
Guide Section 6.5 Identifying Migration Pathways, if pumping does not continue in perpetuity
future releases and migration of the contaminants along all complete potential pathways should be
modeled.

Furthermore, as stated in the memo addressing physical and chemical stabilization of the mine
pool, data presented are insufficient to assert that an inward bedrock groundwater gradient has
been established for all areas of the uranium plume in bedrock groundwater. CLL uses only two
bedrock monitoring wells, one of which only has three data points dating to Q2 2020, and both of
which are essentially cross-gradient.

In addition, Figure 2 depicts an estimate of the bedrock mine pool pumping capture zone based on
the bedrock groundwater elevations. Since CLL has described the pumping capture zone as
anisotropic, additional bedrock groundwater elevations and more bedrock groundwater wells
(particularly within the permit boundary immediately east/northeast of the mine pool pump and
southwest of Ralston Creek) would be necessary to demonstrate an inward groundwater gradient
towards the mine pool.

Alluvial waste rock: As described above, a by-pass pipeline prevents Ralston Creek from
interacting with the contaminated alluvial valley soil. Similarly, alluvial groundwater in the
permit area is captured by a main sump system and sent back into the mine. These
engineering controls shall be removed once the onsite source is addressed.

The by-pass pipeline and the main sump system are key engineered controls that prevent uranium
loading from the alluvium into Ralston Creek. Although most of the alluvium has been removed
during reclamation, it is still unclear from the preliminary CSM and limited data on the hydraulic
gradients that there won’t be a future hydraulic connection between high uranium concentrations
in the bedrock and Ralston Creek or from remaining alluvium to Ralston Creek. The by-pass and
sump system should not be removed until the data analysis demonstrate there will be no present
or future contamination of this area from the mine pool, particularly through bedrock discharge,
or other sources.
k sk ok
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Environmental Cleanup Best Management Practices:
Effective Use of the Project Life Cycle Conceptual Site Model

Office of Superfund Remediation and Technology Innovation

Quick Reference Fact Sheet

The U.S. Environmental Protection Agency (EPA)
supports the use of best management practices
(BMPs)* as a mechanism for maximizing technical
effectiveness and resource efficiency in the
execution of site assessment and cleanup projects.
This fact sheet is the first in a series of documents
that address conceptual site models (CSMs). A more
comprehensive document is planned that will detail
techniques to develop and maintain an accurate CSM
as a primary planning and decision making tool used
to identify and manage site uncertainty that can
inhibit effective project decision making. This fact
sheet summarizes how environmental practitioners
can use CSMs to achieve, communicate, and
maintain stakeholder consensus on site
understanding, while satisfying the technical and
quality objectives required for each stage of a
cleanup project’s life cycle. The focus is on defining
stages and products of CSMs along with potential
applications of CSMs at various stages of a project
life cycle. Content herein is presented in a Superfund
Program context; however, to the extent practical,
text has been written to maximize applicability in
other programs and regulatory frameworks. Other
agencies and programs may find these concepts
useful and environmental cleanup practitioners are
encouraged to explore the utility and integration of a
project life cycle CSM within their own program
requirements and deliverable schedules.

* Best Management Practices (BMPs) are, in general, methods or
techniques found to be the most effective and practical means in
achieving an objective while optimizing the use of resources.
BMPs, such as those described herein, however, are not
programmatic requirements.

Purpose and Audience

The Conceptual Site Model (CSM) is an iterative,
‘living representation’ of a site that summarizes and
helps project teams visualize and understand
available information. This fact sheet demonstrates
the utility of using the CSM to assist Superfund
project teams, hazardous waste site cleanup

managers, and decision makers throughout the life
cycle stages of investigation and cleanup. It also
encourages the creation and revision of a CSM as a
primary project planning and management tool.

The ability to efficiently access and interpret data is
essential to guiding project teams through the entire
cleanup process, from project planning to site
completion. Development and evolution of a CSM can
address the unique needs of each stage in a project’s
life cycle, and provide a valuable tool for successful
environmental cleanup. The level of effort necessary
to develop specific CSM components should correlate
with the level of site maturity, site complexity, and
the magnitude of the characterization and cleanup
challenges project teams face.

The CSM uses a concise combination of written and
graphical work products to portray both known and
hypothesized site information. At more mature sites,
this information is often contained in a variety of
reports, data sets, and electronic or hard copy
formats where the construction and use of a CSM
synthesizes multiple independent data sets and
maximizes the value of historical information. A
range of tools, from simplified renderings to more
complex visualization tools, are used to capture and
communicate existing information and focus future
data collection to fill data gaps and reduce key site
uncertainties. The CSM serves as the framework for
incorporating new data as it becomes available
during characterization and remediation. A detailed,
up-to-date, and accurate CSM can be very beneficial in
supporting decisions related to key project elements,
such as cumulative risk, remedy selection, remedy
implementation, site completion, and site reuse.

Effective use of the CSM is also a critical BMP that
facilitates technical team decision making while
supporting stakeholder communication and
consensus building. By facilitating efficient real-time
evaluation of data, CSM elements provide a platform
to inform decision makers in a manner that can help
limit the number of field mobilizations necessary to

Effective Use of the Project Life Cycle Conceptual Site Model
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characterize a site, minimize the need to re-
characterize a site late in a project’s life cycle, and
optimize elements of remedy implementation. A
comprehensive CSM synthesizes chemical data with
geologic, hydrogeologic, and other site information to
enhance a project team’s ability to develop solutions
to ensure protectiveness, effectively manage
resources, and limit the environmental footprint of
site cleanup activities.

Conceptual Site Model Life Cycle

The life cycle of a CSM mirrors the common
progression of the environmental cleanup process
where available information is used, or new
information acquired, to support a change in focus for
a project. The focus of a CSM may shift from
characterization towards remedial technology
evaluation and selection, and later, remedy
optimization. As a project progresses, decisions, data
needs, and personnel shift as well to meet the needs
of a particular stage of a project and the associated
technical requirements.

Figure 1 shows the relationship of the CSM life cycle
stages to various environmental regulatory
programs and the applicability of other BMPs such
as comprehensive systematic planning, use of
dynamic work strategies, and real-time
measurement technologies. Note that CSMs become
increasingly quantitative and decreasingly
conceptual in nature as data are collected, data gaps
filled, and CSM elements that help depict site data
mature.

The project life cycle CSM presented in this technical
bulletin and summarized in the adjacent text box
consists of six stages. These are not six different
CSMs; rather, they are representations of the CSM as
itis evolved through defined states of maturity and
purposes over a project’s life cycle. Whether early or
late in the project life cycle, development of the
preliminary and baseline CSMs necessitates an initial
compilation, synthesis, and presentation of the CSM
to the technical team and stakeholders to facilitate
systematic planning. Regardless of where in the
assessment and cleanup process a particular site
resides these earliest CSM versions can potentially
serve as milestone deliverables. These early stage
versions take advantage of text, figures, tables, and
potentially electronic 3-D data visualizations to
compile, interpret, and present the CSM. Project
teams are encouraged to consider existing schedules

and scope of programmatic deliverables to integrate
these CSM components early in the systematic
planning process. Project teams can initiate
development of a project life cycle CSM at any stage of
an active project to serve as a tool to help facilitate
site decision making. The phase of a project and the
adequacy of the existing CSM or project data will
indicate what stage of the CSM life cycle is most
appropriate.

Simple drawings and concepts are commonly used to
communicate early project stage CSMs. As the level of
information and complexity increases, the ability of a
CSM to capture and synthesize new data in support of
decision making can be significantly improved
through the use of visualization platforms,
appropriate data management strategies, and
decision support tools.! These tools and strategies
enable the CSM to be revised as more site information
is collected and adapted to support the changing
decision making needs of a project.

Six Stages of the Project Life Cycle CSM

Key Points in the Development of a CSM

(1) Preliminary CSM Stage - Project milestone or

deliverable based on existing data; developed prior to
systematic planning to provide fundamental basis for
planning effort.

(2) Baseline CSM Stage - Project milestone or deliverable

used to document stakeholder consensus/divergence,
identify data gaps, uncertainties, and needs; an outcome
of systematic planning.

Key Points in the Evolution and Refinement of a CSM

(3) Characterization CSM Stage - Iterative improvement

of CSM as new data become available during
investigation efforts; supports technology selection and
remedy decision making.

(4) Design CSM Stage - Iterative improvement of CSM

during design of the remedy; supports development of
remedy design basis and technical detail.

(5) Remediation / Mitigation CSM Stage - Iterative

improvement of CSM during remedy implementation;
supports remedy implementation and optimization
efforts, provides documentation for attainment of
cleanup objectives.

(6) Post Remedy CSM Stage - Comprehensive site

physical, chemical, geologic, and hydrogeologic
information of CSM supports reuse planning; documents
institutional controls and waste left on site; and other
key site attributes.

Effective Use of the Project Life Cycle Conceptual Site Model
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Abbreviations:

IRP/ERP = Installation Restoration Program/
Environmental Restoration Program

MMRP = Military Munitions Response Program

UST = Underground Storage Tanks
VCUP = Voluntarily Clean Up Programs

CERCLA = Comprehensive Environmental Response,
Compensation and Liability Act

RCRA = Resource Conservation and Recovery Act

SPP = Systematic Project Planning
DWS = Dynamic Work Strategies
RTMT = Real Time Measurement Technologies

Figure 1. Crosswalk of Regulatory Program Stages and CSM Life Cycle Phases. Use of terminology from regulatory frameworks is not intended to supplement any specific
programmatic requirements or guidance; however, use of CSM components in a flexible and comprehensive framework can facilitate site decision making during the entire site-
cleanup process, irrespective of the environmental program driving site cleanup. Using SPP, evolving the CSM, and leveraging DWS and RTMT at each key project stage can

improve project efficiency and effectiveness.
Note: The width and gradation of the blue arrows demonstrating BMPs indicate the relative level of effort applied and the resulting impact and value of performing the BMPs at

the indicated project stages.
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Where key stakeholders change, particularly project
managers, regulatory personnel, and contractors,
consistent use of a project life cycle CSM serves to
document and maintain the “state of knowledge”
about a site. Similarly, review of historical iterations
of the project life cycle CSM provides context for new
team members to understand previous site decisions
and can facilitate effective transition of supporting
data sets, data management strategies, and
visualization platforms.

Preliminary CSM

EPA requires that a systematic planning process be
employed to plan all environmental data operations.?
The Preliminary CSM, therefore, can act as a starting
point for compiling and synthesizing existing
information to support building stakeholder
consensus, identifying data gaps and uncertainties,
and determining subsequent data needs.

The Preliminary CSM provides a comprehensive
overview of the site, based on available site-related
documents, with information relevant to the
identified problems. Interviews with site owners and
other stakeholders, historical or regional
geologic/hydrogeologic information, and third-party
information such as historical aerial photographs,
electronic environmental databases, property tax
maps, and Sanborn Maps are also considered. The

evaluation and synthesis of this information forms
the basis for developing and presenting the
Preliminary CSM to systematic planning participants.

Figure 2 shows a pathway network receptor diagram,
which is commonly used as a CSM to support risk
assessment. A project life cycle CSM includes this
information, and to support investigation, design, and
remedy implementation project phases, it also
includes other elements, such as known and
suspected contaminants of potential concern
(COPCs), locations of probable source areas, the
mechanisms and timing of historical and potential
releases, affected environmental media, contaminant
distribution data, potential migration pathways, and
potential receptors.

Visual elements of a Preliminary CSM can range from
simple sketches, to basic two-dimensional (2-D)
graphics such as maps and cross sections, to more
advanced three-dimensional (3-D) visualizations.
The complexity of the CSM at this stage depends on
the volume and state of data (electronic or hard copy)
along with any prior CSM component development.

Baseline CSM

A critical strategic output of a systematic planning
effort, the Baseline CSM is an improved, more
informative version of the Preliminary CSM used to
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Figure 2. Example Pathway Receptor Network Diagram. Commonly referred to as a CSM, the pathway receptor network
diagram is an important element of the project life cycle CSM, used to ensure the incorporation of human and ecological exposure

information in project planning and implementation.
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help identify data gaps and information needed to
meet key project objectives. The Baseline CSM
documents stakeholder consensus (or divergence) on
known site conditions; uncertainty hypotheses; data
gaps, needs, and collection plans; and potential
remedial challenges. Armed with this knowledge,
project teams can leverage the Baseline CSM to
identify needs for data types, density, quality
objectives, and quality indicators such as precision
and accuracy.

At this point in the project planning process, the
project team can also consider the need for
collaborative data to support hypotheses testing and
uncertainty reduction, risk assessment, technology
evaluation and selection, and design for the most-
probable remedial technologies. The scale and
distribution of data gaps identified provides the basis
for designing a dynamic work strategy and
subsequent data collection efforts. The need to
perform a demonstration of methods applicability? to
understand site and matrix specific analytical
performance or optimize sampling strategies, is
generally identified at this stage of the planning
process.
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A 2-D diagram used to depict the Preliminary CSM for
the Cache La Poudre River Site* project in Colorado is
shown in Figure 3. The diagram and supporting CSM
components effectively facilitated an agreement
between the project team to follow separate, but
related, paths to address questions posed by
stakeholder groups with differing views of site
conditions and processes. During systematic
planning, the project team did not reach consensus on
a single Baseline CSM; however, the team agreed to
use divergent CSM viewpoints to identify all data and
information needs necessary to resolve to one CSM
version and facilitate key project decision making.

Characterization CSM Stage

Using the Baseline CSM as its starting point, the
Characterization CSM is used to efficiently capture
and synthesize data generated during site
characterization efforts. This CSM is updated
continually at an agreed upon frequency or in relation
to key data collection efforts. When used effectively,
the Characterization CSM helps to identify and
manage stakeholder uncertainty associated with
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Figure 3. Preliminary CSM Representation. This Preliminary CSM summarizes general site information, including primary
site attributes, geologic stratigraphy, groundwater potentiometric surface and flow direction, groundwater-surface water
relationship, and presumed extent of soil and groundwater contamination. This representation of a CSM can be an effective
method of communicating site conditions to a diverse audience in an easy-to-understand format.
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principle study questions like the nature and extent of
contamination, or identification of key
geologic/hydrogeologic features controlling fate and
transport processes.

Characterization CSM components capture and
synthesize data that can be used to support estimates
of cumulative risk and identification of immediate
risks to human health and the environment. The
Characterization CSM integrates key geologic,
hydrogeologic, and chemical data that can also be
used to support an effective screening of remedial
alternatives.

Figure 4 is a representation of the Characterization
CSM developed for the Poudre River Site project. The
CSM indicated that site contaminant type, sources,
and migration pathways were significantly more
complex than originally understood, affecting the
goals of subsequent characterization efforts. At this
stage of the project, the use of collaborative data sets,
comprised of field- and fixed-based laboratory
analyses, improved risk characterization and
facilitated collection of remedy design data during
site characterization efforts.

Characterization efforts are becoming more
comprehensive because of the availability of field-
based, high-density data collection methods. These
high-resolution tools effectively mature the CSM
more quickly, particularly when data management
strategies (such as use of electronic data deliverables
and relational databases) are employed in
conjunction with 3-D visualization platforms.

More than any other CSM life cycle stage, the use of
real-time technologies for dynamic data collection
efforts requires the Characterization CSM to be
flexible and easily modified in ‘real-time.” This need
is driven by the fact that the nature and extent of
contamination and related cumulative risks typically
are not yet well defined at this stage, thus the
evolution of significant site knowledge tends to occur
rapidly as characterization data are collected. The
tools used to frame, document, or depict the CSM
must therefore be capable of quickly and efficiently
capturing high-density data streams and translating
those data streams into predetermined formats.

Once contamination and related risks have been
adequately defined, projects typically shift focus to
the collection of physical and chemical data needed to
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Figure 4. 2-D Component of Characterization CSM. The Characterization CSM serves as a repository for the integration of
site attributes with field observation and measurement data. Depictions of integrated data guide investigation efforts and

support technology selection and remedy decision-making.
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support technology selection and remedy design.
These data may be of a different focus or density scale
than characterization efforts aimed solely at
delineation. For example, additional physical
property testing of the matrix or refinement of
treatment zones, source zones, residual phase, and
dissolved plume components is used support
feasibility studies and future design considerations.
Information from these efforts can be incorporated
into the Characterization CSM and used for
subsequent decision-making.

Collection, evaluation, and synthesis of data used to
refine the Characterization CSM also supports the
development of key remedial project support
documents such as the Record of Decision (ROD) or
intermediate decisions such as the need for
implementation of an interim remedy.

Desigh CSM Stage

CSM elements are used in the design stage to help
identify additional information requirements and
synthesize data supporting the implementation of a
selected remedy. The Design CSM directly supports
the design basis for implementation of both pilot and
full-scale remedies at a site. Physical property data,
geologic and hydrogeologic conditions, or
contaminant concentrations and distribution may
need to be refined to optimize remedy design. For

example, elements of the Design CSM might be used
to plan and incorporate the results of hydraulic
conductivity profiling or geochemical parameters
testing to support the design of an in situ treatment
strategy. Geologic and hydrogeologic Design CSM
components support evaluation of important design
considerations such as radius of influence, tracer
tests, or aquifer geochemical characteristics like pH,
oxidation/reduction potential, and dissolved oxygen.

For performance-based projects, the Design CSM can
support development of metrics for system
installation and performance. The Design CSM
typically can be developed using the same data
management and 3-D tools as those used during the
characterization effort. Elements of the Design CSM
such as concentration ranges, mass estimates,
location, and spatial dimensions of source materials
can be used to help establish initial benchmarks, as
well as short-, medium-, and long-term metrics, to
measure and evaluate remedy/system performance.
This capability has direct application to support
documentation and data analysis for Five Year
Review, remediation optimization efforts, or both.

For project managers, elements of the Design CSM
can be used to develop supporting documentation for
solicitation of final design and construction contracts.

Figure 5 depicts elements of the Design CSM
developed for the Cache La Poudre River Site project.
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Figure 5. 2-D Component of Design CSM. The Design CSM captures key design considerations, such as site attributes; geologic,
hydrogeologic, and chemical information; and fate and transport processes, in support of remedy design.
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CSM Case Study: NASA Ames Research Center / Naval Air Station Moffett Field

NASA and the U.S. Navy (USN) undertook a joint effort at their adjacent installations in Mountain View,
California, to inhibit the migration of a trichloroethene (TCE) groundwater contamination plume from
NASA property onto the adjacent USN facility. The project involved designing an air sparging/soil
vapor extraction (AS/SVE) system across a buried sedimentary paleochannel to intercept the plume
and limit the spread of contamination. A Remediation/Mitigation CSM was used to visualize real-time
field data to verify site geology, optimize the remedy design, and ensure its successful implementation.

Initial characterization was completed using cone penetrometer testing (CPT) and 3-D visualization to
identify optimized sampling locations to verify the adequacy of remedy design. CPT data were used
collaboratively with soil cores and air sparging test results to optimize air sparging well construction.
Core recoveries were poor because of the consistency of sands within the paleochannel, making the
CPT data essential to the proper design of the sparging system.

The project team verified the CPT data to optimize the AS/SVE systems design in real-time. Data were
introduced into 3-D visualization software, and images of subsurface lithology developed from CPT
data at locations where air sparging wells were also installed. The 3-D visualizations, such as Figure 6,
provided the basis for optimizing the air sparging system through reduction in well point quantities
and provided assurance that the remedy would accomplish project goals.

Figure 6. 3-D Visualization Component of Remediation/Mitigation CSM. The Remediation/Mitigation CSM enhances a
project team’s ability to evaluate and modify remedial designs during implementation to minimize resources and maximize
remedy effectiveness.

Data from 1-foot sparging screened intervals were correlated with geologic logs and CPT data to
identify the specific design modifications needed. The data were also used to optimize the long-term
monitoring program for groundwater. Project results confirmed that using a real-time evolving CSM
to manage and visualize collaborative data enabled the cost-effective development of a sound design
basis, design, and successful remedy implementation.
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The updated CSM includes new information on water
levels, well locations, soil gas, and a critical dense
non-aqueous phase liquid (DNAPL) migration
pathway identified in fractured bedrock. Using the
Design CSM as a guide, remedial efforts were targeted
to address a variety of site concerns. Elements
included: defining spatial dimensions for source
areas to aid hydraulic isolation; identification of
DNAPL migration pathways and river discharge
locations to design a sheet pile wall barrier and
hydraulic control system to limit DNAPL migration to
the Poudre River; and supporting the design of vapor
intrusion mitigation systems at some site buildings.

Remediation/Mitigation
CSM Stage

The Remediation/Mitigation Stage CSM can be used
to guide remediation/mitigation efforts, such as:

(1) Directing and documenting excavation
activities;

(2) Managing phased remediation programs;

(3) Managing remediation at separate operable
units or subunits of a site;

(4) Responding to changed conditions encountered
in the field; and

(5) Optimizing in situ and ex situ treatment remedy
implementation

This stage also includes operation and maintenance
(O&M), and long-term monitoring activities.
Continuous updating of the CSM during this stage can
be used to maintain stakeholder consensus, identify
potential challenges as remediation/mitigation
progresses, and support future remediation
optimization efforts.

The same CSM platform and data management
system employed during the previous CSM stages
typically can be used as the basis for the
Remediation/Mitigation CSM. Consistent platform
use may help project teams realize significant cost
savings during remediation/mitigation. For example,
efforts could be limited to minor modifications to
data fields or the addition of new software for system
evaluations.

The Remediation/Mitigation CSM also can be used to
assess performance metrics to help ensure that
remedies are operating according to design or other
project parameters. For example, information about
changing concentrations in a monitoring well can be
indicative of source depletion, rebound, or other

important processes effecting assessment of remedy
performance. Similar to the Design CSM, the
Remediation/Mitigation CSM can be used to refine
further the scale of design to ensure remediation
approaches are sized appropriately to limit costly
over- or under-designed systems. The higher
resolution areas of the CSM also serve to identify
focus areas of sites that may warrant special design
considerations, such as source zones, NAPL areas,
dissolved phase contamination, and residual
contamination. When the Remediation/Mitigation
CSM is updated as a remedy is implemented or
optimized, system design specifications and operating
protocols can be modified in real-time to adapt to
small-scale variations in site conditions.

As aremedy begins to achieve performance goals
such as cleanup or action levels, components of the
Remediation/Mitigations CSM can be used to support
documentation of site completion activities, including
issuance of the final close-out report and site deletion
under the CERCLA program; or certifying completion
or making a No Further Action determination under
other regulatory programs.

Post Remedy CSM Stage

While use of the CSM in the Remediation/Mitigation
stage can help project teams document the
attainment of remediation goals, the utility of a life
cycle CSM does not end here. The Post Remedy CSM
provides integrated and synthesized information that
can assist project teams with a variety of
documentation and redevelopment planning needs.
When the Remediation/Mitigation CSM is
appropriately and fully evolved throughout the
performance of a remedial action project, its end state
will generally serve as a Post Remedy CSM.

Applications of the Post Remedy CSM can help:

(1) Provide a basis for using statistical methods to
programmatically evaluate remedy effectiveness
and performance for sites meeting cleanup
goals;

(2) Document and leverage identified best
management and technical practices associated
with a remedy success;

(3) Document site remediation activities including
locations, dimensions, and concentrations of
waste left on site; institutional/engineering
controls; and other important remedy features;
and
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(4) Facilitate reuse planning by providing detailed
understanding of geologic/hydrogeologic site
conditions and key site physical or chemical
features.

Figures 7a and 7b are ‘during and after’ photographs
of the investigation and river restoration effort at the
Poudre River Site, which served as components of the
Post Remedy CSM, visually documenting the
completed site remediation and restoration effort.

Summary

The project life cycle CSM is a versatile and powerful
tool than can be used to support project and site
decisions unique to each stage of a cleanup project. A
CSM developed and maintained on a single platform
is highly effective at integrating new information into
existing data sets. This enables project teams to
understand the significance of new data in the context
of existing site understanding. Environmental
cleanup practitioners can use CSMs to achieve,
communicate, and maintain stakeholder consensus
on site understanding, while satisfying the technical
and quality objectives required to perform the project
successfully.

This fact sheet highlights CSM life cycle stages and
provides examples of how CSM components can be
leveraged to answer principal study questions and
address key site challenges. From documenting and
spatially defining the nature and extent of
contamination and providing key system design and
optimization parameters, to facilitating reuse
planning, the project life cycle CSM provides a
platform to capture, synthesize, and readily use
important site data and information.

Figure 7a. Poudre River Site Restoration Effort.
Photographs of active restoration efforts can be shared with
stakeholders, general public, and media to demonstrate
activities being conducted at sites.
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used by decisions makers to help answer questions,
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3 Information on addressing site uncertainty,
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U.S. EPA. 2008. Demonstrations of Method
Applicability under a Triad Approach for Site
Assessment and Cleanup — Technology Bulletin;

August. www.clu-in.org/download/char/

demonstrations of methods applicability.pdf
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project can be accessed at: Innovations in Site
Characterization Case Study: The Role of a Conceptual
Site Model for Expedited Site Characterization Using
the Triad Approach at the Poudre River Site, Fort
Collins, Colorado. www.cluin.org/download/char/

poudre river case study.pdf

Select EPA Superfund References
Pertaining to CSMs

“The CSM is a three-dimensional “picture” of site
conditions that illustrates contaminant distributions,
release mechanisms, exposure pathways and migration
routes, and potential receptors. The CSM documents
current site conditions and is supported by maps, cross

Figures 7b. Poudre River Site Post-Restoration.
Photographs of the site after completion of restoration
efforts serve as partial documentation of this phase of
remedy completion.
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sections, and site diagrams that illustrate human and
environmental exposure through contaminant release
and migration to potential receptors. Developing an
accurate CSM is critical to the proper implementation
of the Soil Screening Guidance.” (Section 2.1, p. 5)

Soil Screening Guidance: User’s Guide, July 1996,
Publication 9355.4-23 (EPA 540-R-96-018).
www.epa.gov/superfund/resources/soil/

ssg496.pdf

“Analyses of the data collected should focus on the
development or refinement of the conceptual site
model by presenting and analyzing data on source
characteristics, the nature and extent of
contamination, the contaminated transport pathways
and fate, and the effects on human health and the
environment” (Ref 7, p. 3-19).

Guidance for Conducting Remedial Investigation and
Feasibility Studies Under CERCLA. October 1988.
OSWER Directive No. 9355.3-01.
www.epa.gov/superfund/policy/remedy/
pdfs/540g-89004-s.pdf

“A conceptual site model is a useful tool for selecting
sampling locations. It helps ensure that sources,
pathways, and receptors throughout the site have been
considered before sampling locations are chosen. The
conceptual model assists the Site Manager in
evaluating the interaction of different site features.
Risk assessors use conceptual models to help plan for
risk assessment activities. Frequently, a conceptual
model is created as a site map (see Figure 1) or it may
be developed as a flow diagram which describes
potential migration of contaminants to site receptors.”

Superfund Program Representative Sampling
Guidance, OSWER Directive 9360.4-10 (EPA 540-R-
95-141). www.epa.gov/tio/download/char/

sf rep samp guid soil.pdf

“The site conceptual model synthesizes data acquired
from historical research, site characterization, and
remediation system operation. The conceptual model,
like any theory or hypothesis, is a dynamic tool that
should be tested and refined throughout the life of the
project. As illustrated in Figure 5, the model should
evolve in stages as information is gathered during the
various phases of site remediation. This iterative
process allows data collection efforts to be designed so
that key model hypotheses may be tested and revised to
reflect new information.” (Section 4.4.3, p. 13)

“Conceptual Model Provides Basis for:

e  Early Action/Removal of Near Surface
Materials

e  Site Characterization Studies (RI/FS, RFI)

e  Removal of Subsurface Sources

e  Pilot Studies

e Interim Ground-Water Actions

e  Evaluation of Restoration Potential (or TI)

e Full-Scale Treatment System Design and
Implementation

e  Performance Monitoring and Evaluations

e  Enhancement or Augmentation of
Remediation System, if Required

e  Future Evaluation of Tl, if Required”

(Figure 5. Evolution of the Site Conceptual Model)

Guidance for Evaluating the Technical
Impracticability of the Ground-Water Restoration,
September 1993, publication 9234.2-25
www.clu-in.org/download/contaminantfocus/

dnapl/Policy and Guidance/TI guidance.pdf

“In addition to the items discussed in more detail
below, it is important to keep in mind that remedial
action costs are influenced, in general, by the quality of
the conceptual site model (CSM), which is a three-
dimensional ‘picture’ of site conditions that illustrates
contaminant distributions, release mechanisms,
exposure pathways and migration routes, and potential
receptors... It is initially developed during the scoping
phase of the RI/FS, and modified as additional
information becomes available. Careful evaluation of
site risks, incorporating reasonable assumptions about
exposure scenarios and expected future land use, and
the definition of principle threat waste generally
warranting treatment, help to prevent implementation
of costly remediation programs that may not be
warranted.” (Section 1, p. 2)

The Role of Cost in the Superfund Remedy Selection
Process, Quick Reference Fact Sheet. Publication
9200.3-23FS (EPA 540-F-96-018). September 1996.
www.epa.gov/superfund/policy/cost dir/

cost dir.pdf

Additional CSM References:

Improving Sampling, Analysis, and Data Management
for Site Investigation and Cleanup (EPA 542-F-04-
001a) April 2004.
www.triadcentral.org/ref/ref/documents/
2004triadfactsheeta.pdf
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Triad Issue Paper: Using Geophysical Tools to Develop
the Conceptual Site Model (EPA 542-F-08-007).
December 2008.
www.brownfieldstsc.org/pdfs/Geophysics Issue
Paper FINAL Dec 3 20081.pdf

Innovations in Site Characterization, Streamlining
Cleanup at Vapor Intrusion and Product Removal Sites
Using the Triad Approach: Hartford Plume Site,
Hartford, Illinois. (EPA 542-R-10-006). September
2010. www.brownfieldstsc.org/pdfs/Hartford Case
Study FINAL 9-30-10.pdf

Streamlining Site Cleanup in New York City (EPA 542-
R-10-005) August 2010.

www.brownfieldstsc.org/pdfs/Streamlining Site
Cleanup in NYC Final.pdf

Best Management Practices: Use of Systematic Project
Planning Under a Triad Approach for Site Assessment
and Cleanup (EPA-542-F-10-010). September 2010.
www.clu-in.org/download/char/
epa-542-f-10-010.pdf

Improving Decision Quality: Making The Case For
Adopting Next-Generation Site Characterization
Practices (EPA-542-F-03-012). 2003.
http://nepis.epa.gov
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Subject: Schwartzwalder Mine Amendment 6 Comments — Physical and

Chemical Stabilization of the Mine Pool

CC: Jason Kerstiens, Geosyntec

Attachments: Figure 1 — Estimate of Bedrock Mine Pool Pumping Capture Zone;
Figure 2 — Mine Pool Uranium Concentrations; Table 1 — Mann
Kendall Trend Analysis of the Mine Pool; Attachment A — Outlier Test

INTRODUCTION

Denver Water retained Geosyntec Consultants, Inc. to review and evaluate Colorado Legacy Land,
LLC’s (CLL) application for Amendment 6 to the Division of Reclamation, Mining and Safety
(DRMS) mine permit M-1977-300. The purpose of Amendment 6 is to satisfy the conditions of
the revised Succession of Operations (SO-1) approval letter dated February 20, 2018, which
include providing a conceptual site model (CSM), a plan addressing the physical and chemical
stabilization of the mine pool (specifically addressing the concentrations of dissolved uranium and
other constituents), an updated Reclamation Plan, and an updated Environment Protection Plan

(EPP).

Based upon its review of Amendment 6, Geosyntec has the following overall observations on the

chemical and physical condition of the Mine Pool:

e The characterization and monitoring of the hydraulic gradient around the mine pool are

insufficient to demonstrate capture and physical stabilization.
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e Concentration trends for samples taken from the mine pool do not demonstrate its
chemical stability. Although in-situ treatment often helps to decrease uranium
concentrations on a temporary basis, the upward trend of uranium concentrations appears
to resume after each treatment, and uranium concentrations did not decline after the most
recent in situ treatment.

e Amendment 6 reveals several concerns with respect to data collection, analysis, and
planning, including CLL’s exclusion of data, errors in data presentation, faulty
monitoring equipment, and need for contingency planning.

e A long-term plan for reclamation of the mine pool is not clearly presented, which raises
the question of whether CLL will pump from the pool and treat extracted water
indefinitely.

Statements from the Amendment 6 Reclamation Plan have been excerpted (in bold italics) and are
followed by Geosyntec’s observations and recommendations (in plain text).

PHYSICAL STABILIZATION
1. Mine Pool Water Level Demonstration

E.5.1. Physical Stabilization of the Mine Pool Demonstration. In October 2020, a team
[Ensero Solutions] entered the mine to verify the mine pool elevation and calibrate the
transducer used to measure the mine pool elevation. The team noticed that the mine pool
had been dewatered to 22 feet lower than the elevation of the transducer, which caused
inaccurate measurements to be recorded.

The established regulatory limit of 150 feet (ft) below the Steve Level was approved by DRMS
during the Amendment 4 Adequacy Review process in lieu of a limit of 500 ft below the Steve
Level. This shallower limit minimizes the oxidation of uranium in the mine workings and lowers
the mine pool to an elevation of approximately 63 ft below Ralston Creek in the permit area to
prevent flow from the mine pool towards the creek.

CLL describes how in October 2020, the transducer measuring water levels in the mine pool was
recording inaccurate measurements by 22 ft, and that the problem was only discovered after a team
entered the mine to verify the mine pool elevation. The fact that mine pool levels are monitored
by a single transducer that is infrequently inspected and calibrated calls into question the accuracy
of this data and demonstrates the risk of using a single instrument reading to make decisions for
dewatering operations. Geosyntec recommends that CLL submit a monitoring contingency plan
describing the pump and transducer inspection and maintenance procedures and schedule.
Geosyntec also recommends the installation of a secondary backup transducer to confirm mine
pool water levels and to maintain monitoring continuity in the event of a malfunction.
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2. Groundwater Gradients

E.5.1. Physical Stabilization of the Mine Pool Demonstration. Maintaining the mine pool
elevation below the regulatory limit (150-feet below the Steve Level) has established a
hydraulic gradient inward toward the mine pool and away from Ralston Creek. A summary
of the observed quarterly groundwater elevations in bedrock wells MW-15 and MW-18 with
respect to the mine pool elevation is presented in Table E-1.

CLL does not provide sufficient data to assert that an inward bedrock groundwater gradient has
been established. CLL uses only two bedrock monitoring wells, one of which only has three data
points dating back to Q2 2020. This does not demonstrate physical stabilization of the mine pool
for the last three consecutive years, as required by the SO-1 approval letter. This is an important
condition when considering the conditions for updated reclamation costs.

Furthermore, Table E-1, which shows groundwater elevations in the mine pool, MW-15, and MW-
18, contains multiple errors. The column headings “Groundwater Elevation (ft btoc)” is mis-named
and should be labeled as depths to groundwater. The groundwater elevations in feet above mean
sea level (ft amsl) for MW-18 in Q2 2020 and Q3 2020 are identical, despite different depths to
water measured from below top of casing. Based on the well casing elevations surveyed in July
2020, the groundwater elevation in Q3 2020 should be 6,414.58 ft amsl. The elevation in Q1 2021
should be 6,361.88 ft amsl. These correspond to MW-18 head values of 10.79 ft in Q3 2020 and
16.78 ft in Q1 2021 compared to the mine pool, which are significantly lower than those listed in
the table E-1.

TABLE 1. ORSERVED GROUNDWATER GRADIENTS O Ly ]

Daily Average Mine Pool MW-15 MW-18
Quarterly Elevation s |
Sampling Groundwater Groundwater Head in Well Gr d | Head in well
Memo/Data Sampling | (feet below Elevation Elevation Comparedto | Toward Mine Elevation Elevation & Comparedto | Gradient Toward
Source Date Steve Adit) (framsl) (ft btoc) (ftamsl) | Mine Pool (ft) Pool (ft/ft) (ft btoc) (ft ams| Mine Pool (ft Mine Pool (ft/ft) |
Q12019 No access, winter ¢ _ Dry 5 e )

19 | N/A | b ! e
Q22019 |

Q3 2019 9/25/2
Q4 2019 1
Q12020

Dry

6417.18 6.80 0.020
6.423.28 | 9.12 [ 0.026
641411 195 | 0014
645218 | 889 0026

9 191.62 6,410.38
| 187.84 6,414.16
19284 | 640916
15871 | 644329 | N/A

17805 | 642395 | 37340 6.525.93 101.98 :
19821 | 640379 | 33610 | 656323 15944 | 0153 | 162.30 645218 | 18.39 0139
326.76 6,275.24 386.90 651243 | 23719 | 0.228 | Dry

256.61 6,345.10 Dry 215.00 6,414.58 69.48 0.200

Q2 2020

Q3 2020
Q'\,‘”u”
Q12021

Although there are a limited number of bedrock monitoring wells which can be used to draft
potentiometric contours, an estimate of the mine pool pumping capture zone based on the existing
bedrock groundwater elevation (potentiometric) data is shown in Figure 1. Capture zone estimates
are typically drawn in plan view and cross-section to fully illustrate the area in which inward
hydraulic gradients exist due to pumping. Although CLL has demonstrated inward gradients based
on two wells cross-gradient to the pumping area (MW-15, MW-18), they have not illustrated the
capture zone relative to the mine workings or permit boundary. In Section E.5.1 (p. 15) CLL
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describes the pumping capture zone as anisotropic but has not depicted the capture zone they are
referring to.

To fully define the shape and magnitude of an anisotropic capture zone, additional bedrock
groundwater well locations from which to gauge groundwater elevations (particularly within the
permit boundary between the mine pool and Ralston Creek) are necessary to demonstrate the area
of inward groundwater gradients towards the mine pool. Lastly, although the groundwater level
in the mine pool is lower than the surface water elevation at the adjacent Ralston Creek, there are
no bedrock groundwater elevations between the pumping area and the creek to illustrate that this
inward gradient is continuous from the creek to the mine pool. Figure 1 depicts a recommended
location for installation of an additional bedrock groundwater monitoring well located between the
mine pool and Ralston Creek. The purpose of this location is to confirm the hypothesis of inward
gradients in bedrock groundwater from Ralston Creek to the mine pool. The current data suggests
that the inward gradient towards the mine pool would be increased by lowering the mine pool more
than 150 ft below Steve Level Adit. More data should be collected to confirm the inward gradient
particularly when the mine pool is close to 150 ft below Steve Level Adit and when it is at its
deepest (approximately 325 ft below Steve Level Adit). Data would help define the capture zone
at these levels and, in particular, provide critical data in the months where the mine pool is close
to 150 ft below Steve Level Adit.

3. Tracer Test Review

Appendix 2. Tracer Test. Tracer Test Conclusions. Therefore, it is more likely that the
tracers dispersed within a large volume of mine water, perhaps the entire mine. The addition
of sump water to the mine pool as previously discussed may have also contributed to the
dilution/dispersion of the tracers. Regardless of the reason why only a small fraction of the
tracers was not observed in recycle/mixing system, it appears the mine pool has been
sufficiently mixed, and the water quality samples are representative of the mine pool.

Geosyntec acknowledges CLL’s effort to demonstrate mixing conditions in the Mine Pool;
however, the data do not prove CLL’s conclusions of the tracer test that the mine pool is fully
mixed. The water in the mine pool (i.e., the various levels of saturated laterals) may not be
thoroughly mixed; the tracer may have transported downward. The bulk of the 25 pounds of
injected rhodamine tracer (with a density 30% greater than water'), may have sunk to the bottom
of Shaft #2 (~2,000 ft deep) and may not have been accessible by pumping from the Jeffrey Shaft

1

https://www.penergetic.com/fileadmin/user_upload/www.penergetic.com/downloads/SDS/EN_PKD_SDS_Molass
es_penergetic-p_180712.pdf



Denver Water — Schwartzwalder Mine

Amendment 6 Comments — Stabilization of the Mine Pool
September 14, 2021

Page 5

(1,100 ft deep). The data does not support a clear understanding of how much actual mixing of an
injected carbon source is occurring within the greater mine pool.

Appendix 2. Tracer Test. Tracer Test Conclusions. Finally, on the basis of the no tracer
leaving the mine, the mine is a hydrogeologic sink, e.g., mine pool water is not exiting the
mine.

The basis of CLL’s conclusion that no mine pool water is leaving the mine is that no tracer was
detected in the treated water discharged to Ralston Creek and that the level in the mine pool was
always below 150 ft below the Steve Level. These observations do not prove that no tracer left the
mine. Additional sampling and analysis of tracer dyes in bedrock and alluvial groundwater and
surface water from Ralston Creek would provide more informative data with which to evaluate
this question.

CHEMICAL STABILIZATION
1. Injection of RO Concentrate into Mine Pool

E.1. Conceptual Consideration. The mine pool is pumped to a water treatment plant
(WTP), treated, clean water is discharged to Ralston Creek, and reject brine is sent back to
the mine.

In Amendment 6, CLL offers no discussion on the effect of injecting the reverse osmosis (RO)
concentrate (reject brine) back into the mine pool. The addition of concentrated brine into the mine
pool system may have major implications for the geochemical behavior of uranium and other
constituents of concern targeted in the in-situ treatment (i.e., its effect on redox conditions, its
effect on the sulfate-reducing bacteria [SRB] population, speciation, and solubility). It is also not
clear that CLL is taking measures to understand how the RO concentrate is altering the redox
conditions of the mine pool or to control the amount of dissolved oxygen present in the RO
concentrate. Geosyntec recommends that CLL demonstrate that the addition of RO concentrate to
the mine pool will not negatively impact the on-going in-situ treatment of the mine pool.

Based on Amendment 4 Adequacy Review Comment Responses from the Cotter Corporation
(dated March 8, 2013), the RO concentrate is mixed with barium chloride to cause the precipitation
of gypsum (calcium sulfate) and barite (barium sulfate) and blended with sugar syrups to further
increase the solution density. The sugar syrups also provide another carbon source for the SRB,
which create the reducing environment necessary for uranium reduction and immobilization. This
information is a critical component of the in-situ uranium bioremediation process and should be
included in Exhibit E. These details are also missing from the Reclamation Costs tables in Exhibit
L.
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As explained in the Amendment 4 Adequacy Review Comment Responses, the intent of increasing
the density of the RO concentrate is so that the “backfill slurry” sinks to the bottom of the mine
pool. In the Amendment 4 Adequacy Review Comment Responses, Cotter Corporation describes
a contingency plan in case the backfill slurry does not behave as predicted: “if the Slurry does not
sink, there will be a conductivity increase in the in-situ monitoring troll suspended at depth in the
mine pool that will be detectible as the fluid begins to mix with the mine pool”. In the event of a
20 percent increase in conductivity, the slurry injection point will be lowered deeper into the mine
pool, and the injection rate will be decreased by 25 percent. CLL does not provide any information
on specifications or the location of the monitoring troll nor how conductivity is used to assess the
distribution of the RO concentrate within the mine pool. Below is a portion of Table E-2, which
shows a comparison of mine pool data from before and after in-situ treatment. The mean values
for conductivity and pH fall outside of the minimum and maximum range of these constituents.
This is obviously an error but suggests that CLL has not carefully reviewed the data from the mine
pool used to inform their injection strategy. Many of the means calculated in this table are not
statistically possible given the data range.

Figure E-2 (Schwartzwalder Mine In-Situ Treatment Injection Locations) illustrates the backfill
slurry as entering and filling lateral shafts connected to Shaft 1 and Shaft 2. These shafts are
presumably the Jeffrey Shaft and #2 Shaft as described in the Tracer Test (Appendix 2). CLL does
not provide injection volumes or the density of the slurry/iron sulfide precipitates; however, if the
volume of backfill slurry represented in the figure is approximately correct, then it appears as
though there would be a risk of filling underground shafts with the slurry and/or with iron sulfide
precipitate. If this occurs, there may be unintended hydraulic effects, potentially redirecting
groundwater towards Ralston Creek, which should be evaluated and discussed.
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~ Number | Number | Percent : S :
veie | | gt | | s | Wi e | b || S |
_March 2018 to September 2020 Mine Pool Sample Data ; st
‘General Parameters : 5 o 5
Bicarbonate as CaC03 mg/L 18 0 0% 491 950 360 843 136 374
Calcium N mg/L 19 0 0% 153 352 144 316 34 299
Chloride mg/L 32 | 0o | % 8 54.7 34 43 8.92 i
Conductivity Field uS/cm 7 | 0 0% 2680 5131 634 3250 839 3319
Oxidation Reduction Potential my 4 0 0% -136 147 -5.81 -119 118 193
pH Field S.u. 8 0 0% 6.82 7.59 1.50 7.39 0.21 7.19
Phosphorus ) mg/L 19 3 8% 0.03 0.7 0.09 0.17 0.15 0.15
| Potassium | mg/L 19 0 0% 15 31.7 13 27 4.56 17.2
Sodium | mg/L 12 | 0o | 0% 139 | 284 111 225 | 40 197
| Sulfate mg/L 32 0 0% 408 1790 1091 1395 285 1725
TDS - Total Dissolved Solids mg/L | 22 0 | 0% | 960 3390 1581 2955 534 2917
Temperature | DegC i 7 0 0% 7.8 21.2 2.93 17.2 3.83 17.2
Dissolved M : :
Aluminum mg/L 19 18 46% 017 | 0.17 0.021 0.03 0.03 0.15
Antimony mg/L 19 18 46% 0.0012 0.0012 0.0019 0.0004 0.01 0.014
Copper | mg/L 19 19 49% 0 0 0.0041 0.01 0.00 0.01
Iron mg/L_ | 32 | 0 0% 0.09 10.7 2.98 312 2.89 0.02
Lead mg/L 16 16 41% 0 0 0.00016 0.0001 0.00 0.0003
Magnesium e _m_g/__L 19 0 0% 112 280 112 239 46 224
Manganese mg/L 32 0 0% 0.252 1 0604 | 0733 | 012 | 205
Mercury e - F]_g_/_L 9 9 23% 0 0 2.3E-05 0.0001 0.00 0.00036
Molybdenum mg/L 32 0 0% 0.0371 14 0450 | 054 037 1.85
Silver mg/l. | 19 19 49% 0 0 0.00073 i 0.0001 0.00 0.0034
_ThaHium mg/L 19 18 46% | 0.0003 0.0003 0.00023 | 0.0001 0.00 0.0249
Uranium mg/L. 32 0 0% | 395 16 9.39 12 255 +

Notes:
tMean and median statistics calculated using one-half the detection limit.
¢ Mean values from Table 37 in Whetstone Associates, Inc. Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation. (2007)
November 7, which were calculated from results of mine pool samples collected from June 2000 to July 2007.
Deg C - Degrees Celsius uS/cm - microSiemens per centimeter
mg/L - Milligrams per liter
mv - Millivolts
pCi/l - picoCuries per liter
s.u. - Standard unit

Finally, Exhibit E is titled “Reclamation Plan.” CLL, however, does not provide an operational
plan for the injection of RO concentrate into the mine pool. Geosyntec recommends CLL specify
such a plan, including the parameters within which the injection will occur and the monitoring to
assess the effect of the injection.

2. Treatment Efficacy and Risk of Uranium Remobilization

E.5.2.3. In-Situ Treatment Results. As shown on Figure E-3, there was not a significant
decrease in uranium concentrations after the 2020 in-situ treatment as was seen in the
previous in-situ treatments.

The observation that the uranium concentrations following the 2020 treatment did not significantly
decrease raises concerns about the continued efficacy of the in-situ treatment of uranium and other
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constituents of concern in the mine pool. CLL offers three possible explanations for why this might
be the case:

1. The natural population of SRB is at a “steady-state” condition and no longer reducing the
sulfate that enters the mine pool;

2. Based on similar uranium concentrations in 2018 and 2020, there may be a “rate-limiting
factor” in generating required reducing conditions for uranium reduction and uraninite
precipitation; and

3. The introduction of oxygenated water into the mine pool from the sump interfered with
the creation of a reducing environment.

Other than identifying these reasons for why the latest in-situ treatment was not successful, CLL
offers no solutions or changes to their current treatment strategy to resolve these issues. Each of
these explanations suggests that continued carbon-dosing and in-situ treatment may no longer be
effective in controlling uranium concentrations in the mine pool. These issues also demonstrate
that the mine pool may not be chemically stable and may not achieve chemical stabilization
without the constant maintenance of reducing conditions. CLL also provides no mechanism for
why uranium and molybdenum concentrations have rebounded after every dosing event where
data are available.

Geosyntec recommends the following:

1. The injection of the RO concentrate into the mine pool may be introducing excess
oxidants into the system. That may preclude the creation of a sufficiently reducing
environment conducive to the reduction of U(VI) to U(IV). Analytical data for and
volumes of the RO concentrate are not provided. Disposing of the concentrate elsewhere
could mitigate this problem. Geosyntec recommends characterizing the volume and
oxidants in the RO concentrate.

2. CLL collect additional groundwater data to understand the volume of groundwater that
flows into the mine pool and its chemical composition. Understanding the composition of
the volume of captured groundwater would inform the overall geochemical understanding
of the mine pool system and the influence of groundwater on uranium concentrations.

3. CLL must develop a better understanding of the factors influencing uranium
concentrations during in-situ treatment. The purpose of in-situ treatment is to reduce
uranium and accumulate reduced, precipitating uranium in the mine pool. This reduced
uranium functions as a new source of uranium independent from the uranium present in
the ore material within the mine workings. The introduction of oxidants such as
oxygenated water can reverse the reduction reaction and remobilize this uranium back
into groundwater. Without year-round pumping control and water treatment capabilities,
CLLs risks the influx of oxygenated water back into the mine. A plan to develop a better
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understanding of the factors influencing uranium concentrations during in-situ treatment
should be developed.

3. Elevated Uranium Concentrations in 2017

E.5.2.3. In-Situ Treatment Results. 4 red circle is shown on Figures E-3 and E-4 to signify
suspect data in the months preceding the 2017 in-situ treatment. These data are suspect
because in the nearly 10 years of data shown on these figures, uranium concentrations have
not exceeded 25 mg/L and molybdenum concentrations have not exceeded 2 mg/L, with the
possible exception on one sampling event in November 2017.

Geosyntec does not agree that the “suspect data” shown on Figures E-3 and E-4 are statistical
outliers and questions the plausibility of a labelling error of 10 samples over multiple sampling
events. Geosyntec performed a statistical analysis of the available sample data for total uranium
collected from the mine pool between July 2013 and July 2020 using ProUCL. Based on Rosner’s
Outlier Test at a 5% significance level, one potential outlier was identified. The potential outlier
was removed from the data set and the test was re-run until no potential outliers were identified.
The results from this exercise, provided in Attachment A, indicate that there are three potential
outliers in the data set and not 10. This is the type of analysis that Geosyntec would recommend
for supporting claims such as “suspect data”. CLL attributes these elevated uranium concentrations
to “a mix-up in the labelling of these samples [or] the samples were collected from the wrong
sample port”. The mislabeling of 10 samples over multiple sampling events seems unlikely. If it
did occur or if incorrect sampling procedures were used (i.e., using the wrong sample port),
Geosyntec recommends a reconsideration of quality assurance/quality control (QA/QC)
procedures.

Further, CLL concedes that “a definitive explanation is not available” for the elevated uranium
concentrations preceding the 2017 treatment; however, they do not consider the operational
changes that occurred during this time in their explanation for data increases. Based on our
understanding of the site the RO water treatment plant was turned on in January of 2016. Therefore,
it was around this time period that operators also began injecting RO concentrate back into the
mine. This substantial increase in concentrations compared to historical data could also be the
result of introducing a new source of uranium into the mine pool.

4. Concentration Trends
Uranium

E.5.2.4. Chemical Stabilization of the Mine Pool Conclusion. The concentrations and
linear regressions for uranium and molybdenum over three consecutive years are shown
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on Figure E-5. The uranium concentrations (dissolved and total) have maintained an
average of approximately 12 mg/L with a slight positive slope.

Uranium concentrations in the mine pool have been increasing since 2018. This trend is not
consistent with chemical stabilization and does not suggest that stabilization can be achieved
without intervention. Uranium concentrations in the mine pool have been increasing since the
onset of in-situ treatment in 2013 as shown in Figure 2. A Mann-Kendall statistical analysis was
also performed for the same period (2018-2020) and is provided in Table 1. Dissolved uranium is
classified as probably increasing, and both total and dissolved molybdenum are classified as
increasing. The strength of a Mann-Kendall trend test over a linear regression (as used in
Amendment 6) is that Mann-Kendall can find trends even when the data are not linear. Linear
regressions are only appropriate if the data are normally distributed; a Mann-Kendall test is a non-
parametric test, meaning that no distribution assumptions are required. Furthermore, an increasing
linear regression trend is demonstrated when evaluating data between 2012 and 2020.

Lastly, CLL has not collected uranium concentration data in the mine pool when the pump is shut
off and when uranium concentrations might increase. As described above, the established
regulatory limit of 150 ft below the Steve Level was approved by DRMS during the Amendment
4 Adequacy Review process in lieu of a limit of 500 ft below the Steve Level. One reason presented
in favor of this shallower limit was to minimize the oxidation of uranium in the mine workings
that could occur from exposure of rock wall faces in the mine. The current operational strategy
presented in Amendment 6 pumps the mine pool as far as 326 ft below the Steve Level Adit. This
strategy exposes 200 ft of rock wall face in the mine workings that may cause a re-oxidation of
uranium to occur; therefore, the cyclic nature of the operating strategy may not allow chemical
stabilization to occur in the mine pool. As described above, multiple potential reasons exist for
why uranium concentrations in the mine pool may not continue to decrease. For operational
control, at a minimum, monthly sampling of the mine pool for uranium and other indicator
parameters such as total organic carbon, oxidation-reduction potential, and dissolved oxygen is
recommended.

Other Constituents

E.5.2.4 Chemical Stabilization of the Mine Pool Conclusion. A comparison of historical
mean concentrations to current mean concentrations indicates an overall decrease in
concentrations with the exception of a limited number of increases, specifically arsenic,
chloride, and iron, while most of the constituent concentrations have decreased.

In addition to uranium and molybdenum, the Mann-Kendall analysis shows increasing
concentration trends for iron and radium (Table 1). No trend was identified for arsenic, and total
manganese 1s classified as stable. Stable or decreasing trends would support demonstration of
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chemical stability of the mine pool; increasing trends indicate instability that could impact
treatment operations and protectiveness of Ralston Creek.

5. Environmental Monitoring Requirements for Surface Water, Groundwater, and the Mine
Pool — Total Carbon

Exhibit U. Designated Mining Operation Environmental Protection Plan.

CLL incorrectly references the environmental monitoring requirements for surface water,
groundwater, and the mine pool, and, more importantly, does not include total carbon as a required
analyte. Amendment 6 states that the EPP, which outlines the monitoring requirements for surface
water, groundwater, and the mine pool, is presented in Technical Revision 23, Attachment B and
was updated in Amendment 5. This is inaccurate. Technical Revision 23 addresses the Disposal of
Alluvial Fill Source Term Materials, and Attachment B is entitled Appendix E-3 from the 1983
Mine Permit Amendment: Schwartzwalder Mine Waste Rock Pile Stability (dated December 28,
2015). The EPP (Exhibit U) was also not updated in Amendment 5, which references the same
Technical Revision 23 Attachment. Analytes for quarterly surface water and groundwater
sampling are listed in table E-4 of Exhibit E in Amendment 5 (as approved during Technical
Revision 27).

In a letter from DRMS to Denver Water dated April 10, 2013, DRMS informed Denver Water that
the Cotter Corporation will monitor for total carbon (which includes organic carbon as well as
carbon bound in carbon dioxide and bicarbonate). This is intended to be an indicator of the
biological in-situ treatment process. Currently, CLL does not monitor for total carbon or organic
carbon. No data are presented in Amendment 6 or elsewhere showing how much organic carbon
is present in the mine pool during and after in-situ treatment. It is unclear how the amount of carbon
added to the mine pool during treatment is determined without this information. Geosyntec
recommends updating the EPP in Exhibit U (which is a requirement of the Succession of
Operations) and adding total carbon to the list of mine pool analytes.

6. Operational Strategy and Stabilization Criteria

E.5.4 Water Treatment Plant Operating Strategy. During the period in which the WTP is
shut down, in-situ treatment of the mine pool shall be conducted, as needed, to maintain
chemical stabilization. The criteria for in-situ treatment of the mine pool shall be when the
mean annual concentration of dissolved uranium indicates an increasing trend as
compared to the prior year.

If CLL is to use mean annual uranium concentrations for determining when treatment will be
conducted, Geosyntec recommends CLL collect data year-round including when the mine pool
pump is shut off and the WTP is not operating. More information on the in-situ treatment
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operations and criteria is also recommended. Using a mean annual concentration could result in a
delay of six months to a year between in-situ treatment and increasing concentrations measured in
the pool. CLL also does not identify a contingency plan in the event the prescribed treatment is no
longer effective, as appeared to be the case in 2020. A contingency plan should be developed and
presented.

CLL also does not describe how the RO concentrate will be handled and stored in between in-situ
treatment events. It is Geosyntec’s understanding that the RO concentrate is continuously injected
into the mine pool. However, it is unclear if the RO concentrate is always injected as “backfill
slurry” containing barium chloride and sugars during treatment.

* sk ok
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Table 1
Mann Kendall Trend Analysis of the Mine Pool
Amendment 6 Comments - Physical and Chemical Stabilization of the Mine Pool

Detection Mann-Kendall - Confidence in .
Location Analyte N Frequency (%) (O] cov Probability Trend Concentration Trend Previous Trend
Raw Feed Arsenic D 15 100 19 0.549 0.372 0.628 No Trend Probably Increasing
Raw Feed Arsenic T 14 86 10 0.558 0.622 0.378 No Trend No Trend
Raw Feed Iron D 15 100 44 0.717 0.03313 0.967 Increasing Increasing
Raw Feed Iron T 15 100 49 0.302 0.017531 0.98 Increasing Increasing
Raw Feed Manganese D 15 100 11 0.0656 0.618 0.382 No Trend No Trend
Raw Feed Manganese T 15 100 -13 0.0470 0.548 0.4520 Stable No Trend
Raw Feed Molybdenum D 14 100 48 0.329 0.009970 0.99 Increasing Increasing
Raw Feed Molybdenum T 13 100 43 0.363 0.010 0.9897 Increasing Increasing
Raw Feed Radium-226 D 7 100 1 0.276 0.500 0.500 No Trend No Trend
Raw Feed Radium-226 T 13 100 30 0.357 0.076 0.924 Probably Increasing  |Increasing
Raw Feed Radium-226; Radium-228 T 13 100 32 0.355 0.056 0.944 Probably Increasing  |Increasing
Raw Feed Radium-228 T 13 100 21 0.592 0.222 0.778 No Trend No Trend
Raw Feed Uranium D 15 100 37 0.1923 0.075 0.925 Probably Increasing  |Increasing
Raw Feed Uranium T 13 100 17 0.2202 0.328 0.672 No Trend Probably Increasing

Notes:

COV - coefficient of variation calculated as the ratio of sample standard deviation to the sample mean.
Confidence in Trend is calculated as 1-Probability.

Mann-Kendall (S) = Mann-Kendall test statistic.

N = sample size.

NA = not analyzed due to < 50% detection frequency.

Probability = the probability of observing a Mann-Kendall test statistic as extreme as the one actually observed.
--=not calculated due to < 50% detection frequency.

For sample sizes n <10, exact probability were obtained from Table A-12b (EPA, 2009).

lofl August 2021



ATTACHMENT A - OUTLIER TEST



A | B | ¢ | D E | F | &G | H |
1 Outlier Tests for Selected Uncensored Variables
2 User Selected Options
3 Date/Time of Computation |ProUCL 5.18/20/2021 2:48:37 PM
4 From File |WorkSheet.xls
5 Full Precision OFF
6
7
g Rosner's Outlier Test for CO
9
10
11 Mean 10.31
12 Standard Deviation 8.709
13 Number of data, 109
14 Number of suspected outliers 1
15
16 Potential Obs. Test Critical Critical
17 # Mean sd outlier Number value value (5%) value (1%)
18 1 10.31 8.669 41.6 85 3.609 3.405 3.775
19
20 For 5% Significance Level, there is 1 Potential Outlier
21 Potential outliers is: 41.6
22
23 For 1% Significance Level, there is no Potential Outlier

N
NS




A [ B [ C [ D E [ F [ G [ H [
1 Outlier Tests for Selected Uncensored Variables
2 User Selected Options
3 Date/Time of Computation ‘ProUCL 5.18/20/2021 2:52:12 PM
4 From File |WorkSheet.xls
5 Full Precision |OFF
6
7
8 Rosner's Outlier Test for C1
9
10
1 Mean 10.02
12 Standard Deviation 8.205
13 Number of data| 108
14 Number of suspected outliers| 1
15
16 Potential Obs. Test Critical Critical
17 # Mean sd outlier Number value| value (5%) value (1%)
18 1 10.02 8.167 39.8 82 3.646 3.402 3.772
19
20 |For 5% Significance Level, there is 1 Potential Outlier
21 Potential outliers is: 39.8
22 | |
23 |For 1% Significance Level, there is no Potential Outlier

N
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A | B | ¢ | D

E_ |

F

G

H |

Outlier Tests for Selected Uncensored Variables

1
2 User Selected Options

3 Date/Time of Computation ‘ProUCL 5.18/20/2021 2:52:52 PM

4 From File |WorkSheet.xls

5 Full Precision |OFF

6

7

8 Rosner's Outlier Test for C2

9

10

1 Mean 9.746

12 Standard Deviation 7.715

13 Number of data| 107

14 Number of suspected outliers| 1

15

16 Potential Obs. Test Critical Critical
17 # Mean sd outlier Number value| value (5%) value (1%)
18 1 9.746 7.679 38.8 83 3.784 3.4 3.77
19

20 |For 5% Significance Level, there is 1 Potential Outlier

21 Potential outliers is: 38.8

22 ‘
23 For 1% Significance Level, there is 1 Potential Outlier

24 Potential outliers is: 38.8

N
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C

D

E [ F

G

H |

Outlier Tests for Selected Uncensored Variables

1
2 User Selected Options

3 Date/Time of Computation ‘ProUCL 5.18/20/2021 2:53:14 PM

4 From File |WorkSheet.xIs

5 Full Precision | OFF

6

7

8 Rosner's Outlier Test for C3

9

10

1 Mean 9.472

12 Standard Deviation 7.209

13 Number of data| 106

14 Number of suspected outliers| 1

15

16 Potential Obs. Test Critical Critical
17 # Mean sd outlier Number value| value (5%) value (1%)
18 1 9.472 7.175 33.7 82 3.377 3.397 3.767
19

20 |For 5% Significance Level, there is no Potential Outlier

21 ‘
29 |For 1% Significance Level, there is no Potential Outlier

N
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Technical Memorandum

Date: September 14, 2021

To: Nicole Poncelet, Denver Water Director of Water Quality and Treatment
Team

From: Emmy Apostol and Jonathan Gillen, P.E. (CO) - Geosyntec

Subject: Schwartzwalder Mine Amendment 6 Comments — Water Treatment

Plant Operational Costs

CC: Jason Kerstiens, P.E. (CO) - Geosyntec

INTRODUCTION

Denver Water retained Geosyntec Consultants, Inc. (Geosyntec) to review and evaluate the
Colorado Legacy Land, LLC (CLL) application for an amendment (Amendment 6) to the Division
of Reclamation, Mining and Safety (DRMS) mine permit number M-1977-300. Permit M-1977-
300 was issued by DRMS for the Schwartzwalder Mine, located in Golden, Colorado, and CLL is
the current operator of the mine.

CLL indicates in the application that the purpose of Amendment 6 is to satisfy the conditions of
the Succession of Operations letter dated February 20, 2018 and to “provide a conceptual site
model, a plan addressing the physical and chemical stabilization of the mine pool, specifically
addressing the concentrations of dissolved uranium and other constituents as required under the
conditions of the permit, and updated reclamation and environmental protection plans. Provide a
plan addressing the long-term cost of operating the water treatment plant and managing the mine
pool, based on a minimum of 3 consecutive years of data which verify the physical and chemical
stabilization of the mine pool.”

This technical memorandum presents a summary of Geosyntec’s comments on the amendment
application, and specific comments regarding 1) requirements of the Hard Rock/Metal Mining

engineers | scientists | innovators
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Rules (the Rules)!, and 2) CLL schedule for long-term water treatment plan (WTP) operation and
the chemical and physical stabilization of the mine pool.

SUMMARY OF AMENDMENT APPLICATION COMMENTS

Based on the information provided in Amendment 6, 20-years of operational costs will be
inadequate to provide financial assurance for a reclamation strategy with no completion schedule.
Actual operational costs associated with three years of operational data demonstrating the
reclamation strategy to operate the WTP for six months per year with in-situ treatment needs to be
provided for review.

Geosyntec provides the following overall comments:

e The Reclamation Plan (Exhibit E) is not written as a plan for reclamation activities, rather
it summarizes activities that have been performed. Amendment 6 should incorporate the
previously submitted plan material from Amendment 4 and be modified as needed based
on the additional data collected. Due to this significant deficiency, it is impossible to
compare Exhibit L costs to the current reclamation activities specifically related to the mine
pool.

e The Reclamation Plan (Exhibit E) presented in Amendment 6 does not include a schedule
for completion of reclamation and WTP operations. The duration for operating the WTP
and performing in-situ treatments needs to be updated based on the data and information
presented in Exhibit E.

e The Reclamation Costs (Exhibit L) does not sufficiently describe the basis used for
durations and quantities for specific reclamation activities. For example, how was the cost
for WTP decommissioning established, and why are there conflicting statements regarding
the initial bonding periods (i.e., 10 and 20 years)?

e Based on the current data presented, there is no clear end date to cease pumping; therefore,
no costs should be released for the “completion of 3 years of operation”. Current
reclamation estimates are insufficient to cover WTP operations and mine pool treatments
if DRMS has to complete reclamation due to forfeiture.

e Three consecutive years of data are not provided to indicate physical or chemical
stabilization in the mine pool; therefore, it is recommended that the “Denver Water
Contingency”, included in the original bond calculation, remain in the cost estimate. The

! Division of Reclamation, Mining and Safety, 2019. Mineral Rules and Regulations of the Colorado Mined Land
Reclamation Board for Hard Rock, Metal, and Designated Mining Operations, effective July 15, 2019.
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viability and operational costs should be demonstrated using the proposed operational
strategy (operate the WTP for six months per year and continue in-situ treatments). In
addition, the costs for

HARD ROCK/METAL MINING RULES

Geosyntec excerpted statements from the Hard Rock/Metal Mining Rule (in italics) and provided
specific comments and recommendations on Amendment 6 (in plain text) as they relate to the
Rules.

DRMS Hard Rock/Metal Mining Rule 3.1 states:

3.1.5 (11) Reclamation Measures — Materials Handling: No unauthorized release of pollutants
to groundwater shall occur from any materials mined, handled, or disposed of within the
permit area.

The current regulatory limit for water elevations within the mine pool is set at 150 feet
below Steve Level Adit to achieve compliance with this rule and not allow a pollutant
release. Based on the current reclamation plan, it appears that pumping will need to occur
indefinitely; otherwise the pool will rise and discharge to groundwater and surface water.

3.1.7 (8) Groundwater — Specific Requirements: Release of Reclamation Liability: An operator
shall demonstrate... that reclamation has been achieved so that existing and reasonably
potential future uses of groundwater are protected.

It is unclear how long the remediation will occur and if decommissioning a WTP will affect
the ability of the reclamation activities to protect future groundwater uses. The Reclamation
Plan should be clarified to indicate the specific remaining reclamation/remediation
activities, the corresponding schedule for those activities, and how those activities will
protect against future releases. Based on the information provided, it is not clear whether
the results obtained from monitoring current remediation efforts are indicative of expected
results, or whether remediation activities or activity durations need to be changed or
updated.

Furthermore, Amendment 4 indicated that in-situ treatment would achieve concentrations
closer to 2.9 milligrams per liter (mg/L) to approach concentrations more comparable to
background concentrations in the area; however, the concentrations currently present in the
pool are around 14 mg/L. If the mine pool was ever allowed to rise past the regulatory
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limit, concentrations would need to be decreased to mitigate the potential for a pollutant
release.

4.2.1 (4) Financial Warranty Liability Amount — Adequacy of Financial Warranties: The
amount of the Financial Warranty shall be sufficient to assure the completion of reclamation
of affected lands if the Office has to complete such reclamation due to forfeiture.

As previously described, the schedule for reclamation activities is unclear. For example, it
is unclear how long the WTP will be required to operate. Based on the current information,
it appears that WTP operation may be an indefinite requirement. Similarly, there may need
to be additional financial assurance for updates to the plan affecting the duration and
frequency of in-situ treatments.

Although indefinitely cannot be quantified in a reclamation cost, and as inferred by Rule
6.4.5, it is recommended that the reclamation costs (Exhibit L) be based on the
confirmation of actual stages of reclamation, not based on the simple duration for which
reclamation activities (or a simple portion of these reclamation activities) have been
undertaken. For example, reclamation costs for operating the treatment plant could be
reduced when the mine pool no longer poses a risk to future water resources. Based on
available data, this requires a confirmed reduction in concentrations measured in the mine
pool to below limit standards.

In addition, calculations for yearly costs are incorrect; Cotter Corporation, the previous
owner/operator, estimated that maintenance for in-situ treatment would cost $85,000 for 2
years ($42,500 per year); however, Exhibit L estimates that in-situ treatment will only cost
$139,760 over 7 years ($19,966 per year). Lastly, the assumptions for in-situ treatment
indicate that CLL anticipates 5 additional injections before 2021 in reference to notes under
“Mine Pool Sampling”, but only 4 under the notes for chemical injections.

Furthermore, there is no statement or basis for the cost to demolish the water treatment
plant ($30,000). This number should include module disposal costs and account for the
radionuclides that will require special disposal.

As presented in Amendment 6, high concentrations of uranium are currently being
measured in the mine pool?, the observed trends indicate uranium concentrations are
increasing over time between treatments (Figure E-3 in Amendment 6), and the recent data

2 Total uranium measured at 14 mg/L on July 28, 2020.
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indicate less effective results after in-situ treatment. For these reasons, a larger estimation
of costs for in-situ treatment should be made by increasing the number of treatments needed
over the time period and/or increasing the time period to achieve consistent target
concentrations in the mine pool.

DRMS Hard Rock/Metal Mining Rule 6.4.5 Exhibit E — Reclamation Plan requires:

A description of how the Reclamation Plan will be implemented to meet each applicable
requirement of Rule 3.1

The current reclamation plan in Amendment 6 appears to update information previously
provided in Amendments 4 and 5. It describes the proposed reclamation approach of
operating the WTP six months per year in combination with in-situ treatments, but it is
unclear whether the cyclical decreases and subsequent increases in both mine water
elevations and concentrations of uranium and molybdenum, shown in Figures E-1 and E-
3 of Amendment 6, have leveled out. There is no demonstration that stabilization has
definitively occurred, and no projected treatment timeline to allow for this to occur.
Furthermore, there is no plan or schedule presented to address the long-term cost of
operating the WTP.

It is recommended that Amendment 6 be updated to provide a plan to operate the WTP,
including a schedule and specific milestones for the completion of operational activities. If
the WTP is to continue to operate indefinitely, the plan should also incorporate the capital
costs associated with replacement of the WTP based on a 20-year life span for a reverse
osmosis plant to provide financial assurance for the full service-life of the WTP. Ultimately
this plan should be used to address the “long-term costs” associated with the WTP.

A plan or schedule indicating how and when reclamation will be implemented. Such plan or
schedule shall not be tied to any specific date but shall be tied to implementation or completion
of different stages.

The current Reclamation Plan (Exhibit E) (in Amendment 6 and in the previous) describes
the plan for different stages of remediation activities, however there is no description of
how these stages individually achieve one or more of the reclamation conditions required
by Rule 3.1. It appears CLL is seeking a release of financial warranty based on the time
rather than achieving a condition required by Rule 3.1.

There is no discussion of an updated schedule for remaining work or anticipated durations
of the remaining work. The only reference to durations for the remaining work appears to
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be in notes provided in Exhibit L which reference conflicting schedule durations such as
20 years for operation of the WTP, and 10 years for other aspects of the reclamation (such
as in-situ treatment). It is not clear how these estimates were derived. If a reduction in time
and/or money is being sought, the existing information does not support a conclusion that
the “reclamation activities” will achieve a condition consistent with Rule 3.1 at the end of
the reclamation period (which is not well defined).

MINE POOL CHEMICAL AND PHYSICAL STABILIZATION

Amendment 6 presents a reclamation plan that is “based on a minimum of 3 consecutive years of
data which verify the physical and chemical stabilization of the mine pool”. The cyclic nature of
the operating strategy does not support stable conditions in the mine pool and therefore the costs
for operating the WTP only six months out of the year may not be enough to support physical and
chemical stabilization of the mine pool. Specific comments and recommendations for verifying
the physical and chemical stabilization of the mine pool are, provided in Tech Memo# °.
Comments on the timeframe for demonstrating physical and chemical stabilization are provided
below:

e Physical stabilization — only one year of data are provided to indicate an inward hydraulic
gradient is achieved under pumping conditions. In addition, physical stabilization under
the proposed plan to operate the treatment plant six months of the year is only supported
by one year of data, which were not updated to include the timeframe during the submittal
of Amendment 6. In addition, the data include some potentially concerning assumptions
such as the transducer recalibration and projecting the data trends over the final months.
The previous two years of data support that the plant could be turned off for approximately
four months (12/20/2019 — 4/18/2020) and two months (3/22/2019 — 5/15/2019). 1t is
recommended that at least three years of data be provided demonstrating physical
stabilization of the mine pool with the WTP turned off for the full six-month period,
without data concerns or major issues. It is also requested that the real costs to operate the
WTP under this plan be provided to support the Exhibit L Reclamation Costs.

e Chemical stabilization — Concentration trends for water samples collected from the mine
pool do not demonstrate its chemical stability. Although in-situ treatment often helps to
decrease uranium concentrations on a temporary basis, the upward trend of uranium
concentrations appears to resume after each treatment, and uranium concentrations did not
decline after the most recent in situ treatment. It is recommended that at least three years

3 Geosyntec, 2021. Schwartzwalder Mine Amendment 6 Comments — Physical and Chemical Stabilization of the Mine
Pool, August 23.
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of data be provided that do not indicate increasing trends but rather indicate statistically
significant stable concentration trends in the mine pool prior to approving a decrease in
reclamation costs for in-situ treatment.



Table 1
Recommendation Summary Table
Amendment 6 Comments

Item

Topic General Comment Comment Detail Recommended Action Item
Number
. P . The CSM provided with Amendment 6 is described as "preliminary" and has not been updated since 2018.
1 CSM Conceptual Site Model (CSM) is "preliminary” and does not include recent Denver Water .and Geosyntec acknowledge that CLL has accomplished several reclamation tasks and collected  |Incorporate data collected and work performed since 2018 into the CSM.
data (2018 - present). .. L g . s
additional data in this period, which will impact the CSM
The CSM contains a list of data gaps without a plan for addressing data The CSM includes three pages of "data issues" to be addressed. CLL does not indicate the status of the data gaps DEVEI.O P and. present a plan to address.the.data £aps ugtllr}ed in the CSM,
2 CSM B especially with regard to the characterization and monitoring of the
gaps. or a plan for how they will be addressed. . . X
hydraulic gradient around the mine pool.
According to USEPA guidance, a more detailed diagram and description depicting geologic, hydrogeologic,
S . . N chemical information, and fate and transport processes, in support of remedy design are necessary to assist key
The CSM pxtovuled in Appendix 1 Of Amendment 6 is n.mre Ll?drdctensuc stakeholders (including Denver Water) in understanding complex site information. A CSM should also identify ~ [Update and revise the CSM to USEPA's Remediation/Mitigation CSM
3 CSM of the B axellr.le CsM .?tage as .dCSCrled by USEPA guidance . Based O fand characterize all contaminant sources, including the mine pool and potential migration pathways through Stage and the ASTM Standard for Developing Conceptual Site Models®.
the Reclamatlfm P lan in Exhibit l?" t.he CSM shf:uld be updated and revised |, 1ts/fractures (such as the Illinois Fault) or bedrock groundwater. A more robust CSM will also increase See specific recommendations in CSM memo.
to meet the criteria of the Remediation/Mitigation CSM Stage . confidence that the Reclamation Plan will ensure protectiveness of the environment, effectively manage
resources, and limit the environmental footprint of site cleanup activities'.
The established regulatory limit of 150 feet below Steve Level Adit was approved by DRMS during the Install a bedrock groundwater monitoring well downgradient of the mine
Amendment 4 Adequacy Review process in lieu of a limit of 500 ft below the Steve Level. The technical basis  |pool. Collect additional data on hydraulic gradients at different mine water
. . o for this was that the shallower limit minimizes the oxidation of uranium in the mine workings and lowers the levels and develop potentiometric surface diagrams at different levels.
More data is necessary to demonstrate the established regulatory limit of . . . . . . . A i
4 CSM 3 mine pool to an elevation of approximately 63 ft below Ralston Creek in the permit area to prevent flow from the |Collect data on uranium concentrations and oxidizing conditions through
150 feet below Steve Level Adit. . . . . s . s R L .
mine pool towards the creek. Data provided on hydraulic gradients indicates that a lower level would establish a |indicator paratmeters such as dissolved oxygen, oxidation reduction
stronger hydraulic gradient to ensure protection of Ralston Creek. The data also indicates that oxidation of potential, and total organic carbon, in the mine pool on a monthly basis
uranium may be occuring during the cyclical nature of the oeprating strategy. including when the mine pool is refilling.
Physical Water levels in the mine pool are measured by a single transducer. The In the Reclamation Plan, CLL describes an event where the transducer measuring mine pool levels was recording Sul?mlt a monitoring cnmfngcncy ?lan describing inspection and
L . . . . . . . . . . . . . maintenance procedures for the mine pool pump and transducer. Install a
5 Stabilization of |transducer and pump in the mine pool are infrequently inspected and inaccurate readings, which was only verified by a team physically entering the mine. Reliance on a single . . .
. . . . S L. - Lo 8 secondary backup transducer to confirm water level readings and in case of
the Mine Pool |calibrated. measurement from a single piece of equipment to make decisions for dewater operations is inherently risky. Lo X
a malfunction of the primary transducer.
P.h ¥ sucfxl CLL does not provide sufficient data to assert that physical stabilization of CL.L uses only two bedrock mol.nmrmg _WC“S_’ one .anhl_Ch only has three data points datmg back to Q2 2029' Continue collecting bedrock groundwater data. Consider installation of
6 Stabilization of . This does not demonstrate physical stabilization of the mine pool for the last three consecutive years, as required " N
. the mine pool has occurred. additional bedrock wells to further refine CSM.
the Mine Pool by the SO-1 approval letter.
7 st;é;;::?i of CLL has not described the effect of injecting the reverse osmosis (RO) The addition of concentrated brine to the mine pool may significantly affect the geochemical behavior of uranium [Demonstrate that the addition of RO concentrate to the mine pool will not
the Mine Pool concentrate from the water treatment plant (WTP) back into the mine pool. [and other constituents of concern. It is unclear how the brine affects in-situ treatment performance. negatively impact on-going in-situ treatment.
3 Staigféziic:ri of RO concentrate mixed with various additives is used during in-situ This information is a critical component of the in-situ uranium bioremediation process and should be included in |Provide additional operational details for the generation and injection of
the Mine Pool treatment to increase solution density and deliver carbon to the mine pool.  [Exhibit E as well as the reclamation cost tables in Exhibit L. backfill slurry.
Chemical Other than identifying speculative reasons for why the latest in-situ treatment was not successful, CLL offers no [Develop and present a plan to characterize the factors influence uranium
9 Stabilization of Uranium concentrations did not significantly decrease after the 2020 in-situ |solutions or changes to their current treatment strategy to resolve these issues. Geosyntec provides concentrations during in-situ treatment. See specific recommendations in
the Mine Pool treatment event. recommendations for additional sampling and characterization of mine pool constituents to better understand Mine Pool Stabilization memo. A contingency should also be developed and
factors influencing uranium concentrations. presented in the event that in-situ treatments are no longer effective.
10 Staigféziic:ri of CLL identifies a possible labelling error as an explanation for elevated It is unlikely that 10 samples collected over multiple sampling events were incorrectly labeled. If this is the case, [Develop a QA/QC plan and sampling plan to collect high quality data
the Mine Pool uranium concentrations in the months preceding the 2017 in-situ treatment. [sampling quality assurance/quality control (QA/QC) procedures need to be evaluated and reconsidered. reliably.
i ) ) ) The water in the mine pool (i.e., the various levels of saturated l'tit.erals) may nut.be thoruugh!y mixed; Fhe tracer Additional sampling and analysis of tracer dyes in bedrock and alluvial
Data do not prove CLL’s conclusions of the tracer test that the mine pool is [may have transported downward. The bulk of the 25 pounds of injected rhodamine tracer (with a density 30% .
11 Tracer Test 5 groundwater and surface water from Ralston Creek would provide more
fully mixed. greater than waterOF ), may have sunk to the bottom of Shaft #2 (~2,000 ft deep) and may not have been informative data indicating that no mine pool water is leaving the mine
accessible by pumping from the Jeffrey Shaft (1,100 ft deep). s P s )
U.pdatcd . . . . . . Explain how carbon dosing volumes are determined during in-situ
Environmental . . No data are presented in Amendment 6 or elsewhere showing how much organic carbon is present in the mine . o B .
12 . CLL does not monitor for total carbon or organic carbon. . . Lo X . treatment. Update the EPP in Exhibit U to include total carbon to the list of
Protection Plan pool, and it is unclear how the amount of carbon added during in-situ treatment is determined. 5
mine pool analytes.
(EPP)
It is difficult to compare Exhibit L Reclamation Costs with the current reclamation activities specifically related to|Incorporate previously submitted material from Amendment 4 in the
13 Reclamation [ The Reclamation Plan (Exhibit E) is not written as a plan for reclamation  |the mine pool. The Reclamation Plan also does not include a schedule for completion of reclamation and WTP Reclamation Costs and modify as needed based on WTP operational costs
Costs activities, rather it summarizes those activities that have been performed. operations nor does CLL sufficiently describe the bases used for durations and quantities for specific reclamation [and other data that have been collected. Provide description and justification
activities. for all assumptions used for costing.
Reclamation Based on the current data presented, there is no clear end date to cease Because there is no timeline to cease pumping, no costs should be released for the "completion of 3 years of Develop a long-term plan for operation of the mine pool pump and water
14 Costs pumping. CLL has also not established that the mine pool is physically or  [operation". Geosyntec does not believe that the current reclamation costs are enough to cover WTP operations treatment plant in the Reclamation Plan and establish a clear reclamation
chemically stable. and mine pool treatments if the Division has to complete reclamation due to forfeiture. schedule and timeline
Tofl
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