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Cover Evaluation in the Colorado Plateau

or Risk Evaluation with Stakeholder Participation
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Monticello Disposal Cell
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This drawing is not to scale.

Secondary Liner Leak-Detection
System

* Double composite-lined disposal facility with leachate collection and leak detection.
* 1.5-mm-thick HDPE geomembrane over geosynthetic clay liner (GCL, ~ 10 mm) for composite liner.

* Water balance cover on surface (aka ET cover).
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Monticello Water Balance Final Cover

Water balance cover with 1.8 m thick storage layer
and capillary break (sand). Percolation from base
intended < 3 mm/yr.

Gravel amended surface layer for erosion control
while promoting capillary conduction — desert
pavement.

Biota intrusion layer — cobble with fine alluvium infill.
Prevents animal intrusion, not plant intrusion.

Underlain by composite barrier layer comprised of
1.5 mm HDPE geomembrane underlain by 0.6 m
thick low-conductivity radon barrier.

Monitoring August 2000 — December 2022 - 22+
years of data.



The “Balance” in Water Balance Covers

Storage capacity
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* Mimicking natural ecosystem in semi-arid and arid environments.

Winter

Fall
Winter

Spring
Summer
Spring

« Natural water storage capacity of finer textured soil — behaves like a sponge with fine pores that hold water.

Sponge holds water until storage capacity (S,) is reached.

« Remove stored water by evaporation and transpiration to replenish storage capacity (S.) of cover.
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Evaporation and Transpiration (ET)

Air (50000 kPa)

Leaves (1500 kPa)

Roots (330 kPa)

Soil (33-1500 kPa)

WYair > Wleaves > Yroot > Wsoil

Atmospheric
boundary layer

Cuticle

|

Mesophyll

Plants function as pumps that
extract water at various depths to
support production of biomass.

Diversity of plants in community
that extract water from different
depths in the profile.

In semi-arid and arid climates,
mature plant communities are
highly opportunistic and extract all
available water from the profile
each water year (replenish sponge)

PET = potential evapotranspiration = max ET for given meteorological condition.
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Performance Assessment of the
Monticello Mill Tailings Repository

Background

The Monticello Mill Tailings Site is located in southeastern Utah, south of the town of Monticello (see
image to the right). The present climate at Monticello is sub-humid, with an average annual precipitation
of ~38 cm (15 inches) and an average annual temperature of 7.8 C (46 F). In 1941, the Monticello mill
was constructed and used to process nearly a billion kilograms of ore. By 1960, when operations were
terminated, approximately 2 million cubic meters of radioactive uranium mill tailings had been left
behind from the operations. To contain the mill tailings, DOE began construction of a repository south
of the original mill site in 1995, and in 1996 the construction of a composite double- liner system at the
base of the repository was completed.

The cover was designed to mitigate the release of radon gas to the surface and to minimize water
infiltration to the mill tailings. It consists of a thick topsoil layer with vegetation that can store
precipitation and allow evaporation and transpiration via vegetation. This top layer overlies a coarse
sand layer that acts as a capillary barrier and is intended to drain any infiltrating water laterally above a
high-density polyethylene geomembrane. Beneath the geomembrane is a compacted clay layer that
serves as a barrier to radon gas transport and water infiltration. The clay layer rests directly on top of
the mill tailings. At the base of the repository beneath the mill tailings is a double composite-liner
system composed of sand, two geomembrane liners, two geosynthetic clay-liners, and a transmissive
leachate collection system. The entire repository is surrounded by Quaternary deposits consisting of
sandy loam, clay, and pediment gravels.

Beneath the renasitorv. two aauifers exist-a nerched alluvial aauifer. as close as several meters below
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* Perimeter of
lysimeter defined
by flap welded
directly to HDPE
geomembrane at

base

* Flow directed to
collection basin
for metering.




Instrumentation for Monitoring Moisture and Flows

& percolation




Flow Metering Basins

Flout — Floating
Outlet

Percolation
tipper with 70-mL
and 1-L tippers in
series.
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Monticello Water Balance Data



Annual Precipitation and Percolation

* Five years in record
with sufficient
moisture
accumulation to
transmit
percolation.

* Three years had
sufficient moisture
for percolation to
carry over into the
following water
year.

Water Year = October 1- September 30 — consistent with natural water cycle in desert southwestern US.
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Monticello Water Content — Upper Profile
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Monticello Water Content — Deeper in Profile

0'45 ' ' ' [ ' ' ' ' ' ' ' ' ' [ ' ' ' [
0.40 iointrusi — 650-1100 i
0.35 (c) Biointrusion M - mm Storage middle

0.30 ~— 1100-1400 mm Biointrusion
- ————1400-1700 mm Storage lower

)

.t
N
3

71
# 1

oy — ] =

i / - A

- L / Y

YA ) b

- | X i I
. - -
B . SN oS TN NS N T
s e

o E=3 = ‘= 2 N
B ] S i 8 20 oo
0 20 S e
m o

015

0.10 - _ . VAR~
oos- 7 T s e e N E/_Rf:”_-'

0.00 L

Volumetric Water Content (-

:

10/1/99

10/1/03 |-
10/1/07 -
10/1/11 |
10/1/15 -
10/1/19 |-
10/1/23



1000

900 -

~ (o)
o o
o o

D
o
o

Shrub Density (shrubs per hectare)

200 A

100 H

Impact of Deep-Rooted Shrubs on Hydrology

500 A

400 H

300 H

Shrub Density

== Canopy Volume

F

- —

2000

2001

2002

2003-
2004-
2005-
2006-
2007-

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020
2021

2022

0.45

- 0.40

- 0.35

- 0.30

- 0.25

- 0.20

- 0.15

- 0.10

- 0.05

0.00

Canopy Volume (m3)

* |Increased density of deep-

rooted shrubs from 2010 —
2014 provides greater
removal of water deep in
profile.

Reduced water contents in
lower storage layer,
providing cover with
additional storage capacity.

Lower percolation rates
afterwards despite wettest
year in the record.
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Soil Water Storage (mm)

Soil Water Storage and Percolation
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Nearly all stored water returned as ET.
Tiny fraction is percolation
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e Accumulation of water
results in initial slug of
percolation.

* Followed by slow drain-
down of stored water,
long period of
percolation tailing.

* Percolation tailing
extends into following
water year for wetter
years.

* Timing influences
tailing. Earlier storage —
less tailing.



Percolation and Precipitation

One year exceeds
performance goal of 3 mm/yr.

Average annual percolation
rate = 0.4 mm/yr.

Percolation increases as Fall-
Winter precipitation
increases, but no firm
relationship.

Timing and type of
precipitation as important as
magnitude.



In-Service vs. As-Built Hydraulic Properties
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In-Service vs. As-Built Hydraulic Properties
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In-Service Vegetation Properties
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Summary and Conclusions

* Highly effective cover implemented based on design congruent with
local hydro-ecosystem in semi-arid environment. Nearly all precipitation
returned to atmosphere via evaporation and transpiration.

* Average annual percolation = 0.4 mm/yr - meets 3 mm/yr goal in
performance assessment.

* Peak annual percolation rate = 4.0 mm/yr early in record, before more
diverse plant community established with deep-rooted shrubs.

* In-service properties of soils and vegetation differ from as-built and
from design — complicates PA. NUREG CR-7028 and CR-7288 provide
guidance.
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