
741 8 U-007-409.9 

U. S. DOE, UMTRA PROJECT, REMEDIAL ACTION PLANNING AND 
DISPOSAL CELL DESIGN, TO COMPLY WITH THE PROPOSED WPA 
STANDARDS (40 CFR, PART 192), SECTION 3.2, PAGE 8, 

APPENDIX F) 
DOE/AL-400503 - (USED AS A REFERENCE IN OU5 FS, 

01 100189 

DOE/UMTRA-400503 
DOE PUBLIC 
110 

_ _  REPORT 



6861 AWlNVC' 

S08SOO '163CI 

cosooP--vmwn/3oa _-. 

__- 



/ .-- _. ~ 2. 
.. . . .. 

I, 

I 

*I 

I 

01 UMO~S aq 
saueJquawoag o 



I 

i 

i 



,- . .I .l 

.I 



. . . .  .... 

. 
\ 
\ 

. .  

TABLE OF CONTENTS 

. Sect i cn 

1.0 INTRODUCTION . . . . .  . . . . . . . . . . . . . . . . . . . . .  1 
1.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
1.2 Proposed EPA groundwater protection standards . . . . . . . .  1 
1.3 Purpose of this report . . . . . . . . . . . . . . . . . . .  2 
1.4 COE policy cn compliance with proposed EPA 

groundwater protection standards . . . . . . . . . . . . . .  2 
1.5 Layout of the report . . . . . . . . . . . . . . . . . . . .  3 

2.0 TYPICAL DISPOSAL CELL DESIGNS BEFORE THE STANDARDS . . . . . . . .  6 
3.0 SPECIAL STUDIES . . . . . . . . . . . . . . . . . . . . . . . . .  8 

3.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . .  E 
3.2 Geornembranes . . . . . . . . . .  . . . . . . . . . . . . .  8 
3.3 Alternate cover materials . . . . . . . . . . . . . . . . . .  8 
3.4 Alternate cover designs . . . . . . . . . . . . . . . . . . .  10 
3.5 Freeze/thaw . . . . . . . . . . . . . . . . . . . . . . . . .  18 
3.'6 .. Vegetated covers . . . . . . . . . . . . . . . . . . . . . . .  18 . 
3.7 Radon/infiltration barrier moisture content . . . . . . . . .  19 
3.8 Hydrogeocnemistry . . . . . . . . . . . . . . . . . . . . . .  22 
3.5, Source modification . . . . . . . . . . . . . . . . . . . . .  23 
3.10 Aquifer restoration/characterization . . . . . . . . . . . .  23 
3.11 Sodium-amended radon barriers . . . . . . . . . . . . . . . .  24 
3.12 ACLs and supplemental standards . . . . . . . . . . . . . . .  25 
3.13 Future studies . . . . . . . . . . . . . . . . . . . . . . .  25 
3.14 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . .  25 

4.0 REMEDIAL A C T I O N  PLAH CRITERIA AND APPROACHES . . . . . . . . . . .  27 
4.) Disposal cell design criteria . . . . . . . . . . . . . . . .  27 

Groundwater compliance strategies . . . . . . . . . . . . . .  28 

.. . . . . . . . .  - ................. ......... ...... ....... - ... 

4.2 
4.2.1 General . . . . . . . . . . . . . . . . . . . . . . .  28 
4.2.2 Maximum Concentration Limits . . . . . . . . . . . . . .  28 
4.2.3 SiJpplemental Standards . . . . . . . . . . . . . . . .  29 
4.2.4 Alternate Concentration Limits . . . . . . . . . . . .  29 

4.3 Performance assessments . . . . . . . . . . . . . . . . . . .  30 
5.0 THE CHECKLIST DESIG!.I APPROACH . . . . . . . . . . . . . . . . . . .  31 

6.0 CHECKLIST CELL DESIGNS . . . . . . . .  : . . . . . . . . . . . .  33 
7.0 CHECKLIST APPROACH TO PERIMETER DIKE DESIGN . . . . . . . . . . .  33 

. -I-- General ..... __-. ........... . . . . . . . . . . . . . . . . . . . . . . . . . .  39 
7.2 Pile stabilization in place . . . . . . .  i . . . . . . . .  39 
7.3 Pile relocation . . . . . . . . . . . . . . . . . . . . . .  31 

8.0 THE CHECKLIST COVER . . . . . . . . . . . . . . . . . . . . . . . .  43 
8.1 Checklist cover objectives . . . . . . . . . . . . . . . . .  43 
8.2 Application of the checklist cover approach . . . . . . . .  43 
8.3 Specific covers . . . . . . . . . . . . . . . . . . . . . .  44 

_____ _- -___ . 

\ 

............... 



. I 
! i  ... ... L .... ; 

. .  L 

. . . . . . . . . . . . . . .  .. .... 
I . . .  

..-.-I-.- 

i 
d 

I 

. .  I I  

TABLE OF CONTENTS (Continued) 

Section Paqq 

9.0 TECHNICAL APPROACH TO THE USE OF BENTONITE 
F02 INFILTRATION BARRIERS . . . . . . . . . . . . . . . . . . . .  46 
9.1 General . . . . . . . . . . . . . . . . . . . . . . . . . .  4.5 
9.2 Claymax . . . . . . . . . . . . . . . . . . . . . . . . . .  46 
9.3 Bentonite only . . . . . . . . . . . . . . . . . . . . . .  50 
9.4 Bentonite-ammended soil . . . . . . . . . . . . . . . . . .  50 
TECHNICAL APPROACH TO THE DESIGN OF SOIL COVERS . . . . . . . . .  52 
10.1 Observations at Shiprock . . . . . . . . . . . . . . . . .  52 
10.2 Reasons for using vegetation . . . . . . . . . . . . . . .  53 
10.3 Engineering design of soil covers . . . . . . . . . . . . .  53' 
10.4 Biointrusion . . . . . . . . . . . . . . . . . . . . . . .  57 

10.0 

11.0 OTHER DESIGN APPROACHES . . . . . . . . . . . . . . . . . . . . .  61 
11.1 Low-level radioactive facility covers . . . . . . . . . . .  6! 
11.2 The Spanish cover . . . . . . . . . . . . . . . . . . . . .  61 
11.3 The Los Alamos cover . . . . . . . . . . . . . . . . . . . .  61 

Cover design for transuranic waste at the 
Hanford R2servation . . . . . . . . . . . . . . . . . . . .  61 

11.4 

12.0 COJER PERFORMANCE EVALUATIONS . . . . . . . . . . . . . . . . . .  67 
12.1 General . . . . . . . . . . . . . . . . . . . . . . . . . .  67 
12.2 The Standard Cover . . . . . . . . . . . . . . . . . . . . .  67 
12.3 The Double Drain Cover . . . . . . . . . . . . . . . . . . .  70 
12.4 The Full Component Cover . . . . . . . . . . . . . . . . . .  71 

13.0 TRANSIENT DRAINAGE . . . . .  . . . . . . . . . . . . . . . . . .  72 
13.1 General . . . . . . . . . . . . . . . . . . . . . . . . . .  72 
13.2 Reasons for initial excess moisture in piles . . . . . . . .  72 
13.3 A detailed explanation of transient drainage . . . . . . . .  73 
13.4 Analysis of transient drainage . . . . . . . . . . . . . . .  74 

13.4.1 Stabilization in place . . . . . . . . . . . . . . .  74 
13.4.2 Relocated tailings . . . . . . . . . . . . . . . . .  76 

13.5 Technical and compliance approaches for piles 
stabilized in place . . . . . . . . . . . . . . . . . . . .  78 

13.6 Construction water for relocated tailings . . . . . . . . .  78 
13.7 Liners . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 

14.1 Special study implications tci cell design . . . . . . . . .  82 
14.2 Site-specific analysis . . . . . . . . . . . . . . . . . . .  82 
14.3 Cost implication . . . . . . . . . . . . . . . . . . . . . .  89 

- - .. 8 2  . / 
14.0 IMPACT OF STANDARDS ON ALL SITES . . .  .- . . . . . . . . . . . . .  

15.0 CASE HISTORIES . . . . . . . . . . . . . . . . . . . . . . . . . . .  91 
15.1 Grand Junction . . . . . . . . . . . . . . . . . . . . . . .  91 
15.2 Green River . . . . . . . . . . . . . . . . . . . . . . . .  91 
15.3' Gunnison . . . . . . . . . . . . . . . . . . . . . . . . . .  9 4  
15.4 Durango . . . . . . . . . . . . . . . . . . . . . . . . . .  9 4  

~ ~ . _ _ _ - -  ..__.... ._ 

I (to c; np5 
! 

,' 'L . 1 . .  



S e c t i o n  

1 .  , , .  . 

! 

‘ $4- 

TABLE OF CONTENTS (Concluded) 

Paqe 

16.9 THE FUTURE. . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 8  
1 6 . 1  The f i n a l  EPA groundwater  s t a n d a r d s .  . . . . . . . . . . . .  98 
1 6 . 2  C o n t i n u i n g  s p e c i a l  s t u d i e s  . . . . . . . . . . . . . . . . .  9 8  
16.3 The concurrence c f  r e v i e w e r s  . . . . . . . . . . . . . . . .  9 9  
16.4 The r e v i s e d  UMTRA P r o j e c t  documents. . . . . . . . . . . . .  9 9  

17.0 SUBPART B COMPLIANCE . . . . . . . . . . . . . . . . . . . . . .  .lo0 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 

Appendix A ,  R e g u l a t o r y  Background and D e t a i l s  o f  EPA Standards  

Appendix B ,  Component E l i m i n z t i o n  C r i t e r i a  

Appendix C ,  Proposed . .  EPA Groundwater . . .  P r o t e c t i o n  Standards . . . . .  . . - . . - - -- -_ 

.. - 

-..-.a- 
i” I 



I - .  

. .  

. . . . . .  . . .  ...... ....... 
.... . . . . .  -.- . 

- .. -. . - - .  
-.. 

'.. 2 . -  
' 

LIST OF FIGURES 

Fiqure 

2.1 Typical UMTRA Project pile layout. . . . . . . . . . . . . . . .  
3.1 The corrugated cover . . . . . . . . . . . . . . . . . . . . . .  
3.2 Capillary break with corrusated cover. . . . . . . . . . . . . .  
3.3 Capillary break over narrow disposal trench. . . . . . . . . . .  
3.4 Drain permeability v s .  runoff time . . . . . . . . . . . . . . .  
3.5 Infiltration vs. runoff time . . . . . . . . . . . . . . . . . .  
3.6 Instrumentation at Station 1 on the Shiprock 

disposal facility. . . . . . . . . . . . . . . . . . . . . . . .  
6.1 The constrained cell . . . . . . . . . . . . . . . . . . . . . .  
6.2 The buttressed cell. . . . . . . . . . . . . . . . . . . . . . .  
6.3 Perimeter dike remova.1 disposal cell layout. . . . . . . . . . .  
6.4 Perimeter dike erosion assessment. . . . . . . . . . . . . . . .  
7.1 "Checklist" perimeter dike alternatives. . . . . . . . . . . . .  
8.1 "Check1 ist" top cover. . . . . . . . . . . . . . . . . . . . .  
9.1 Position of bentonite mat infiltration barrier 

i n U M T R A c o v e r s .  . . . . . . . . . . . . . . . . . . . . . . . .  
9.2 Bentonite mat infiltration barrier on cell sideslopes. . . . . .  
10.1 Cover design concepts for prevention o f  gullies. . . . . . . . .  
10.2 Cover with inclined drainage layers and flat top . . . . . . . .  
10.3 Factors in the evaluation o f  cover components 

fw bioi ntrusi on hazard. . . . . . . . . . . . . . . . . . . . .  
l i . 1  Cover for low-level radioactive and hazardous 

11.2 Remedial works for inactive uranium mill tailings 

11.3 Proposed cover for low-level radioactive waste 

waste facility, Richland, Washington . . . . . . . . . . . . . .  
pile in Spain . . . . . . . . . . . . . . . . . . . . . . . . . . .  
trenches, Los Alamos, New Mexico . . . . . . . . . . . . . . . . .  

11.4 Cover proposed for protection of buried transuranic waste. . . .  
13.1 Transient and steady state seepage through cell 

cover and tailings . . . . . . . . . . . . . . . . . . . . . . .  
15.1 Grand Junction proposed cover design . . . . . . . . . . . . . .  
15.2 Green River disposal cell: alternate perimeter designs. . . . .  
15.3 Disposal cell details, Landfill, Gunnison, Colorado . . . . . . .  
15.4 Final cover design, Durango, Colorado. . . . . . . . . . . . . . . .  

I 

. 7  

. 11 

. 13 . 14 

. 16 

. 17 

. 21 

. 34 

. 35 . 37 

. 3 8  

. 4 0  

. 45 

. 47 

. 48 

. 55 

. 56 

. 58 

. 6 2  

. 6 3  

. 64 

. 66 

. 7 5  

. 9 2  

. 9 3  

. 9 5  

. 9 7  _ .  



LIST OF TABLES 

Tatle 

3.1 

10.1 

12.1 

14.1 

14.2 
1 4 . 3  
1 4 . 1  
1 4 . 5  

Paqe 

Alternate cover materials . . . . . . . . . . . . . . . . . . . .  9 

Characteristics related to the likelihood o f  biointrusion 
in a stabilized pile with a vegetative cover. . . . . . . . . . .  59 
Cover design objectives . . . . . . . . . . . . . . . . . . . . .  68 

Application o f  special study findings at specific sites: 
impact on cell design . . . . . . . . . . . . . . . . . . . . . .  8 3  
Application of groundwater special studies at specific sites. . .  84 
Site Remedial Action Plans. . . . . . . . . . . . . . . . . . . .  85 
Site cover checklist components . . . . . . . . . . . . . . . . .  86 
Site climatological characterization data . . . . . . . . . . . .  8 7  



, :. . * .  
. .. ' I  

. . _ .  
.k, 

1.0 INTRODUCTION 

1.1 GENERAL 

The Uranium Mill Tailings Remedial Action (UMTRA) Project 
involves stabilizing 24 inactive uranium mill tailings piles in 10 
states. Remedial work mtist meet standards established by the U.S. 
Environmental Protection Agency (EPA). The EPA standards, as initially 
published in 1983, required, among other things, that the remedial 
action effective for at least 1,000 years, to the extent practical, 
and in any case for at least 200 years. Remedial action must be 
designed and constructed to prevent dispersion o f  the tailings and 
other contaminated materials, and must prevent the inadvertent use o f  
the tailings by man. Remedial actions should not rely on maifitenance. 
although custodial surveillance and maintenance programs are planned. 

be 

1.2 PROPOSED EPA GROUtiDKATER PROTECTION STANDARDS 
_. 

The groundwater protection standards for the UMTRA Project, as 
originally promulgated in 1983 by the EPA, provided for a site-by-site 
approach to developing appropriate measures to control seepage releases 
from the disposal cells and for determining the extent to which 
groundwater quality was affected by the remedial work;. In response to 
a remand of the original groundwater protection standards by the U.S. 
Tenth Circuit Court o f  Appeals in 1985, the EPA published proposed 
groundwhter protection standards on September 24, 1987, that set 
general standards applicable tc all UMTRA Project sites. Appendix k is 
a detailed description of the legislative history and requirenents of 
the EPA standards relevant to this report. The U.S. Department o f  
Energy (DOE) adopted a policy that, pending publication o f  the final 
groundwater protection standards, the DOE would comply with the 
standards as they pertain to dispossl cell designs, and wogld 
accordingly proceed to prepare and implement appropriate remedial 
action plans. This report is written to document work done by the DOE 
in response to the proposed EPA groundwater protection standards, to 
describe changes in the design o f  disposal cells, and to discuss tk8e 
groundwater compliance strategies adopted for the various U M R A  Project 
sites. 

The proposed EPA groundwater protection standards require 
protection o f  human health, safety, ana the enviroment; consideration 
o f  radiological and non-radiological hazards; and consistency with the 
requirements o f  the Resource Conservation and Recovery Act (RCRA), as 
amended. In particular, the prgposed EPA groundwater protection 
standards require that the disposal cell be designed to limit seopagc 
to ensure that the RCRA maximum concentration limits (MCLs), background 
limits, o r  alternate concentration limits (ACLs) are achieved in the 
groundwater at a point o f  compliance (generally at the downgradient toe 
o f  the facility). 

The proposed EPA groundwater protection standards a1 so provide for  
the application of supplemental standards. For example, if the 
groundwater at a site is Class I 1 1  (essentially not a viable source o f  
drinking water), supplemental ._ - . - standards ___. - also a r e  appj-icable. _____-_ - 1 -  .___ . 



The final EPA groundwater protection standards are likely to bc- 
promulgated early in 1989. It is not known if they will be the saxe o r  
different from the proposed standards. The DOE, in accordance with its 
stated policy, is proceeding on the basis o f  the proposed standards, 
and will make any adjustments necessary to changes i r ;  the fir!al 
standards. 

1.3 PURPOSE OF THIS REPORT 

This report is prepared primarily for distribution to parties 
involved in the UMTRA Project, including the U . S .  Nuclear Regulatory 
Commission (NRC), and states and tribes. The report is intended to 
describe to them how the DOE has managed and advanced the UfITRA Project 
in response t o  the proposed EPA Troundwater protection standards. I t  
is intended t o  record the work done by the DOE since publication of the 
proposed EDA groundwater protection standards, and t o  show how the DOE 
has attempted to respond and react in a positive way to the new 
requirements that result from the proposed standards. 

The states and tribes concur in the site remedial action plans, 
and the states pay a percentage of the cost c f  final design, site 
acquisition, and construction. Accordingly, they are concerned about 
the site-specific remedial action plans, disposal cell designs, and 
groundwater compliance strategies adopted by the DOE to meet the 
proposed EPA- groundwater protection standards. This report discusses 
the groundwater compliance strategies now being defined and implemented 
by the DOE, and details the changes in disposal cell designs that 
result studies to evaluate ways to facilitate compliance with the 
proposed EPA groundwater protection standards. 

from 

While this report is intended primarily as a means of 
coTmunicating progress to the involved agencies, it also serves to 
record the .technical advances, planning, and progress made on the UIITRA 
Project since the appearance of the proposed EPA groundwdter protection 
standards. The report details the many ideas and design possibilities 
that have beer1 explored in depth by the technical staff involved in the 
UMTRA Project. In this regard, the report serves to establish, 
docunent, and disseminate technical approaches and engineering and 
groundwater information to people who may be interested or involved in 
similar or related projects. 

1.4 DOE POLICY OH COflPLIAt4CE WITH PROPOSED EPA GROUNDWATER 
PROTECT IOII STAIIDARDS 

Upon pub1 ication of . the proposed . EPA. .groundwater-- protecti.on_ 
standards, the DOE adopted a policy of complying with the standards as 
they affect disposal cell design and the construction of renedial 
works. Cospliance with those parts o f  the standards leading to possible 
groundwater restoration is postponed until promulgation o f  the final 
standards. The specific text of the DOE policy statements is provided 
as The following is the heart of 
the policy statement: 

the Executive S u m a r y  of this report. 

- 2 -  
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The DOE supports the intent of the standards to protect human 
health and the environnent. Because the final groundwater 
protection standards are nct likely to be published until 
spring 1989, the DOE, in order to prcceed with the UMTRA 
Project, adopted and is workirg in accordance with the 
following interim policy statement: 

During the period prior to promdigation of the final 
standards, thlt DOE intends to comply with Subparts A and C o f  
the proposed groundwater protection standards as they apply 
to disposal sites. The provisions of Subparts B and C as . 
they apply t:, groundwater remediation will be complied with 
following prorxulgation of the final standards. 

Pub1 ication cf the proposed EPA groundwater protection standards 
in 1987 crsated a need to reevaluate bot;] the Ferfornance of previolis 
L'MTRA Froject di:;posal cell designs and the extent to which these 
designs facilitated or led to compliance with the proposed standards. 

In this report, -the term "groundwater compliance strateqy" refers 
to whether MCLs, background levels, ACLs, or supplemental standards are 
the approach thas forms the basis o f  the site disposal cell design and 
remedial action plan. ( I C  that background concentration levels a1.e a 
part of the MCL approach, in the remainder of this report a reference 
to the term MCL is taken to include reference to the possibility o f  
applying background levels if they exceed the regulated MCLs.) We 
emphasize that it is the intent o f  the D3E in complying with the 
proposed standards to achieve MCLs as the first, preferred, 2nd design 
strategy for g,.oundwater compliance for disposal cells and remedial 
action plans. This is to be done, as described in detail in this 
report, by designing and constructing covers that 1 i J i t  or control the 
water flux from stabilized piles to very low amounts. Accordingly, 
while not a standard or design criterion in terms of the EPA standard5 
a very low permeability cover is a prime design objective of the DOE 
approach to UMTR,? Project disposal cell design. 

. . __ - -. . - . . . . . . . __ - -. .- .. __ . _  . . . . - - . . . 

At several sites, the groundwater may be of such low quality, o r  
so difficult to extract in usable amounts, that supplemental standards 
are applicable and therefore become the appropriate compliance 
strategy. Alternate concentration limits are to be used only if MCLs, 
background levels, or supplemental standards are neither achievable nor 
appropriate. 

- This report concentrates on Subpart A compliance. The e-phasis 
reflects the DOE concentration o f  effort on disposal cell design and 
construction. The DOE has done limited investigation ana planning for 
Subpart B compliance, and this work is briefly referred to in the body 
o f  the report and discussed specificdlly in Section 17.0. 

__ __. - 

I 

1.5 LAYOUT OF THE REPORT 

This report first (in Section 2.0) describes the design of Uf4TP.A 
Prcject disposal cells and the approach to groundwater corpliance 
adopted on the project before publication of the proposed €PA 

I 
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groundwater protection standards. With pub ication o f  t.he proposed 
standards, the D3E undertook a series of special studies t o  evaluate 
technologies that would enhance and facilitate compliance with the 
proposed standards. Accordingly, this report proceeds (in Section 3.0) 
to describe the special studies that were completed to identify 
alternative designs and materials, and t o  establ ish remedial action 
plans and groundwater compliance strategies that will enable the DOE to 
comply with the Droposed EPA groundwater protection standards. 

Concurrent with the completion of the studies, the DOE reevaluated 
approaches t o  identifying appropriate remedial action plans (e.g., 
stabilization o f  tailings on the site or relocation t o  a new s i t e ) ,  
disposal cell design criteria, and the strategies t o  be adopted to 
comply with the proposed standards (e.g., whether MCLs o r  supplemental 
standards are applicable). Section 4.0 describes the remedial action 
plan approaches and disposal cell design criteria identified and 
adopted by the DOE. In order to design and justify the design o f  
disposal cells, the D3E formulated the checklist design approach. The 
checklist cell bnd cover design approach provides the designer and 
reviewer with guidance on the range o f  possible details that could be 
implemented at specific sites to construct facilities that lead to 
cornpliance with the proposed standards. Section 5.0 describes the 
check1 ist design approach, Section 6.0 describes checklist cell 
designs, Section 7.0 describes checklist perimeter dike details, and 
Section 8.0 describes checklist covers. 

In order to construct covets that limit infiltration to the extent 
required to reduce downgradient groundwater contaminant concentration; 
to the proposed EPA standards, it is necessary, a? certain sites, to 
incorporate very low permeability infiltration barriers and vegetated 
soil topslupes. Section 9.0 describes the design and use of very low 
permeability infiltration barriers, of which bentonite is the prirary 
low hydraulic conductivity element. Section 10.0 describes technical 
approaches to the design of soil covers. 

Section 11.0 describes covers being designed or used in other 
programs involving the control of wastes; exzmples are given o f  covers 
for low-level radioactive waste cells and o f  covers formulated in other 
countries. section shows that the approach being adopted by the 
DOE is as conservative and technologically advanced as covers designed 
and used by others striving to remediate waste disposal facilities. 

This 

Section 12.0 discusses technical approaches t o  the evaluation of 
th? perforEance of the covers arid cells described in this report and as 
adopted for UIITRA P m j e c t  sites by the DOE. Section 13.0 discusses the 
perfarnance o f  cells just after construction and before steady state 
ionditions are achieved. 

Sections 14.0 and 15.0 discuss the impact o f  the proposed EPA 
groundwater prote:tion standards, the results of the special studies, 
and the reformulation o f  d?sig:, approaches on the specific UMTRA 
Project site=. Section 14.0 deals in a slmnary way with all sites; 
Section 15.0 discusses a number of selected sites in detail. 

-4- . -  
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I Section 16.0 summarizes the future plans for the UMTRA Project as 
i t  moves towards scheduled conpletior, of disposal c e l l  remediation i n  
i994; Section 1 7 . 0  describes the ir*vestigation and planning for Subpart 
B compliance undertaken t o  date by the L O E .  

. .. - -  

I .  

, 

-.:, i 



. ... 
. .. 

. ... ..: ' . . i . . . I . . , . 
L . - .. 

: - 

2.0 TYPICAL DISPOSAL CELL DESIGNS BEFORE THE STANDARDS 

Figure 2.1 shows a typical UMTRA Project disposal cell design 
formulated prior to publication of the pioposed EPA groundwater protection 
standards. TCIe cover consists of a radon barrier of compacted clay and 
silt, a bedding layer of sand, and an erosion barrier of durable rock. 
Infiltration control is achieved by the radon barrier, made of lcr~ 
permeability materials that inhibit sigi!ificant infiltration. The cover 
design. is similar to that constructed at Shiprock, tiew Mexico: Clive. Utah: 
and Cannonsburg, Pennsylvania (where soil and vegetation wEre ebtablisned 
for aesthetic reasons on the pile). It i s  also similar to that planned for  
Ambrosia Lake, New Mexico. 

At the time of publication o f  the EPA groundwater protection ctandards, 
similar covers and disoosal cell layouts to that shown on Figure 2.1 were 
being considered for most o f  the remaining UMTRA Project zites. Constructioc 
had begun at lakeview, Oregon, and Durango, Colorado. Desigris were complete 
and construction about to begin at Tuba City, Arizona, and Mexican Hat. 
Utah. Design was significantly advanced at Grand Junction, Colorado:; ..:.-.-.-. 
Eelfield 2nd Bowman, North Dakota; Falls City; Texas; Green River, Utah; and . .' 

Rifle and Slick Rock, Colorado. 
. . .  -,*... . 

Accordingly, the first and most immediate effect o f  the proposcd EPA 
groundwater protection standards was tc raise the urgent question: Are the 
current designs for the disposal cell, and in particular the cover, adequate 
for compliance with the new standards? A second question also arose: What 
is the site groundwater compliance strategy (i.e., can we achieve MCLs), is 
it necessary to apply for ACLs, or are supplemental standards applicable? 
To answer these questions, new, but limited, groundwater impact analyses 
were performed, a1 ternative covers considered, and other cell designs 
evaluated. A series of special studies were undertaken to assess 
technoldgies and design approaches that could facilitate compl iance with the 
standards. 

3ne of the first major consequences of the proposed EPA groundwater 
protection standards on a previously selected remedial action plan was the 
decision to relocate the tailings from the Monument Valley, Arizona, site 
for codisposal with the tailings at the Mexican Hat, Utah, site. Detailed 
analyses showed that required ce:l and cover design modifications could 
increase remedial action costs at Monument Valley to the extent that it is 
rnore economical to relocate the tailings than to stabilize them on the 
site. At Gunnison, Colorado, the y o p o s e d  standards have also had-a 
significart impact on the decision to relocate the tailings to a new site. 

The impact of the proposed standards at other sites has beon less 
dranatic than a revision of the selected disposal site location, but at most 
sites sore (and often major) design modifications and changes in-the 
groundwater compliance approach have resulted. These changes and the-- 
reasons for them are discussed in subsequent sections of this report. In 
addition, the report describes the currently proposed remedial action 
approach and the groundwater compliance strategy applicable to meeting the 
EPA groundwater protection standards for each site. 
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3.0 SPECIAL STUDIES 

3.1 GENERAL 

When the UMTRA Project was first undertaken, a technology 
development program was organized. The results of the first 
technology development program were incorporated as standard practice 
on the UMTRA Pr.oject; see the Technical Approach Docurrent (DOE, 
1988a). In order to approach compliance with the proposed EPA 
groundwater protection standards as they affect disposal cell design 
in an orderly manner, a new technology development program was 
initiated. This program involved a number of special studies. Ihe 
following is -a discussion o f  the result o f  those studies that are 
relevant to and have impacted revised disposal cell designs. The 
following discussions are brief summaries o f  the studies. Complete 
reports have been prepared on each study, and the interested reader is 
referred to the individual reports for greater detail (DOE. 1589 c 
through k). 

The specjal study on geomembranes evaluated the potential use o f  
geomembranes as infiltration barriers in the covers of UMTRA Project 
disposal cell s .  The very low-hydr-aul-ic conductivity (perneabil ity) 
o f  geomembranes is well known, and if used, geomembran2s could 
significantly limit infiltration to the tailings, hence limiting the 
seepage from the cell and the impact o f  contaminant leachate on ?he 
groundwater beneath and downgradient of the disposal facility. 

There is evidence, based on observed performance, that 
geomembranes will last for 20 to 50 years. It is possible to argue 
ra-tionally on the basis of the observed behavior o f  installed 
geomembranes and extrapolation o f  test data that geomembrznes will 
function satisfactorily for up t o  100 years and possibly longer. It 
is even reasonable to consider that geomembranes may continue to 
impede infiltration for periods up to and exceeding ,300 years. There 
is, however, no objective data or evidence that geomembranes will 
perform according to initial design standards and requirements for the 
200 to 1,000 year design life o f  an UMTRA Project pile. Therzfore. it 
was concluded that geomenibranes cannot be incorporated into disposal 
cell covers as permanent infiltrztion barriers. 

3 .  ALTERNATE COVER MATERIALS 

. The materials listed in Table 3.1 were considered and evaluated 
as alternate materials for use as infiltration barriers in UHTRA 
Project disposal cells. The materials were evaluated on the basis o f  
longevity, performance, constructibility, and cost. s shown in the 

layer betwe-zn two geotextiles, have hydraulic conductivities lower 
tl-:in low Termeabil ity compacted soils (possibly amended with 

table, only catalytic airblown asphalt and 'CLAYMAX ft , a b w t o n i t e  

bentonite). - .  

-8-  
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None of the materials evaluated has proven longevity. The 
operative element of CLAYMAX is, however, bentonite, which is -a 
natural clay that is unlikely to change in tho environments 
encountered in the covers of UMTRA Project piles. Thus, attention was 
concentrated on CLAYMAX. it is easy to install Ind relatively 
inexpensive, as shown on Table 3.1. For these reasons the material 
was recommended as a potential infiltration barrier on disposal cell 
covers. 

It is important to note that the bentonite in the CLAYMAX is the 
infiltration barrier element. The geotextiles are there to facilitate 
transport and installation. They will deteriorate with time, and 
cannot be relied on as a permanent design element of a cover. 

In theory, although it might be somewhat difficult to construct, 
a layer o f  bentonite could be incorporated into the cover by (a) 
placing a geotextile on the radon barrier, (b) spreading a layer of 
bentonite about two to six inches thick on the geotextile, (c) placing 
a second geotsxtile on the bentonite, and (d) covering the second 
geotextile carefully with the drain layer. Such an approach could 
become necessary sither because CLAYMAX - may be too expensive; - 
because a greater thickness of bentonite may be required to control 
the ificreased saturated flux that might result due to the buildup o f  
water above the infiltration barrier, whish is necessary to sustain 
lateral flow -in the drain. Another, as yet UntezLed, way to provide a 
low permeability layer o f  bentonite is t o  amend silts or clays kith 
large percentages (more than twenty percent) of bentonite. See 
Section 9.0 for a niore detailed discussion of low permeability 
infiltration barriers. 

-. 3.4 ALTERNATE COVER DESIGNS 

In the study of alternate cover designs, the following alternate 
cover designs or cover component design enhancements v r e  evaluated, 
and accepted or rejected for the reasons noted: 

o Rock/soil matrix: The top cover component would be a mixture of 
soil and rock: the rock to control erosion, and the soil to support 
vegetation, which increases evapotranspiration and thus reduces 
infiltration. In order to function adequately JS an erosion 
barrier, the rock particles should be in particle-to-particle . 
contact. Therefore, at least 70 percent'of the layer would have t o -  
be rock. Conversely, to support an adequate vegetation community, 
about 70 percent of the layer would have to be soil. Because of 

was rejected as an effective way to reduce infiltration. At the 
Lakeview. Oregon, site, rock/soil is used to improve the aesthetics 
of the pile. 

o Corrusated cover: Figure 3.1 shows the de'tails of a corrugated 
cover. It incorporates a series of troughs and ridges parallel to 
the slope of the cover. The aim is to shed water off the steep 
slopes of the ridges as rapidly as possible, thereby reducing 
infiltration. By directing the runoff into the troughs and , 

-- t h i s g rad i nq i ncomDa t i b i 1 i ty ,-the.. p r_oposa 1 - for-a roc kL.s.o-d-mb-1; 
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concentrating flow off the pile in rock drains at the nadir of the 
trough, the potential for infiltration is further reduced. The 
performance o f  such a cover was evaluated with the computer code 
which analyzes flow off and through covers such as that shown in 
Figure 2.1. The model predicted that the travel time down t h t ;  
ridges would be fast enough t o  result in partially saturated flow 
through the infiltration barrier; about sixty percent o f  the tota? 
pile top surface was thus s u b j x t  to the reduced infiltration 
associated with partial14 saturated flow. By contrast, the trough 
lengths and geometry in a typical pile are likely to be such t h a t  
travel time and water residence time are on the order o f  several 
days, so saturated flow conditions are predicted. Because the 
infiltration would no? be significantly reduced over that of the 
standard c w e r  and the estimated cost o f  construction was high, 
corrugated covers have not been further analyzed. 

o CaDillarv break: Figures 3.2 and 3.3 show two configurations in 
which a capillary break may be used in the cover of a dispcsai cell 
to limit infiltration. A capillary break operates in the follc$*ing 
way: water will not seep downward from fine to coarser-grained 

particular the fine gradation o f  the overlying material, i s  
sufficient to sustain negative water pressures. The systen fails 
when the overlying material becomes saturated and the water 
pressure becomes positive. Field tests show-that lateral flow car 
occur about 25 feet at a slope o f  about ten percent before the 
overlying soil saturates and breakthrough occurs. Because of the 
limited length o f  efficacy of a capillary break, the configuratiop 
shown in Figure 3.3 is not feasible for UMTRA Project piles. Use 
of a capillary break with a corrugated cover was accordingly 
considered. This system, however, is characterized by the same 
disadvantages as a conveptional corrugated cover, and is therefore 

material if the relative gradation of the two materials, and in - -  _ _  

for 

unlikely to find use on the UMTRA Project. 

o Hiqh Dermeabilitv draiz: In order ?o reduce the infiltration to 
the piles, it is necessary to reduce the time the water flGws on 
the pile by increasing the surface runoff rate. Increasing the 
runoff rate can be accomp?ished by on? o f  the following ways: 
increase the hydraulic conductivity of the drain above the 
infiltration barrier; increase the slope o r  inclination of the top 
of the pile; o r  decrease the slope length. For a practical pile 
geometry, the topslope and the slope length cannot be varied by 
more than a factor of two to three. By comparison, the hydraulic 
conductivity of a drain material can readily be increased one or 
more orders of magnitude simply by selectinq the right sand--a 
clean sand to fine gravel. For this reason, the special study on 
using a high permeability drain was performed to evaluate the 
relationship between increased hydrculic conductivity and 
infiltration. 

___-- 

The effect of various pile design details on the infiltration 
into the Durango and Green River cells was examined. The 
parameter; that varied for each site in this evaluaticn were: 

- 1 2 -  
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slope length, slope inclination, and hydraulic conductivity of the 
bedding layer. Because two different sites were evaluated, it was 
possible t o  assess the influence o f  different climates on the 
inf 1 1  trat ion. 

Thz infiltration for a range of slope lengths, slope angles, 
and bedding permeabilities at each site was calculated. For a 
given infiltration barrier's hydraulic conductivity, predicted 
infiltration the cell depends primarily on the number of days 
that water is available on the top o f  the infiltration barrier. A 
day in which water is available is termed a ponding day; the number 
of ponding days is a function of the slope geometry, bedding 
permeability, and site climate. 

into 

In order to present the results o f  the numerous model runs, 
the effect o f  various slope geometries and bedding permeabil i ty 
were combined into a single parameter--runoff time. Runoff time i s  
independent o f  the site climate; it represents the length o f  titxe 
for water from a single precipitation event to flow off the pile. 

. Figure 3.4 - s h o w s  the- runoff time as a function o f  drain 
permeability and slope inclination. Figure 3.5 shows net 
infiltration per year as a function of runo-f time. In order to 
obtain a specific value for runoff time, a set cf basic parareters 
(slope length and inclination) and a bedding hydraulic ccnductivity 
were chosen. For the specified set o f  parameters, a computer code 
was used to calculate the runoff time and the net annual 
inf i 1 trat ion. 

A s  shown in Figure 3.5, the annual infiltration is 
significantly affected by the runoff time. For both sites, t h g  
infiltration barrier hydraulic conductivity w I S  1 x 1 0 -  
centimeters per second (cm/s). If saturated flow conditions 

'prevail the entire year and the seepage gradient is unity, the 
infiltration is 3.15 cm. For long runoff periods (such as greatet- 
than 200 hours for Durango) water is predicted to build up in the 
bedding layer over the infiltration barrier, hence increasing the 
gradient and the annual infiltration above 3.15 centimeters per 
year (cm/yr) . 

In order to ensure that the bedding layer i s  freely draining 
and the runoff time i s  as short as possible, the bedding layer 
materials should be as permeable as possible, preferably n3 less 
than 0 1 cm/s. Ideally, the drain material grain size distribution 
should have no more than 15 percent (Dls) o f  the materials 
m a l l e r  than 2.0 millimeters (mrn). A D1' o f  2.0 mm results in a 
hydraul c conductivity cf approximately 1 . 5  cm/s. The drain 
materia gradation should also meet the filter criteria for the 
underly ng radon barrier. This recommendation may add to the cost 
of the bedding layer because of the need to el'iminate the finer 
grain sizes o f  the borrow materials, which previously could have 
been left in. In most cases these cost increases should not be 
significant. 
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3 .5  FREEZE/THAW 

The effect of repeated freezing and thawing on the hydraulic 
Conductivity of the soil o f  a satu-ated infiltration barrier vias 
measured in another special study. Generally, two to four cycles 
o f  freezing and thawing will increase the hydraulic conductivity of 
a saturated clay soil by oce to two orders of magnitude. A s  this 
increase in hydraulic conductivity will be unacceptable at c o s t  
UMTRA Project piles, tile decision has been made to place all 
potentially saturated infiltration barriers beneath the depth of 
predicted frost penetration. A computer code to calculate 
site-specific frost cenetration depths has been created. 

No tests to quantify the effect, if any, c f  freezing and 
thawing on partially saturated soils have been done. I t  is 
believed that the effect will be small, but the cumulative effect 
over 1.000 years of repeated freezing and thawing of a partially 
saturated s o i l  could affect the partially saturated hydraulic 
conductivity o f  an infiltration barrier. The magnitude of t h e  
effec-t will depend on the number of cycles of freeiing and thawing. 
the roi'sture content at freezing, the availability of free water. 
and the soil g r a d a t i m .  In particular, if (a) the infiltration 
barrier soil is predicted to be unsaturated, (b) the unsaturated 
hydracl ic conductivity is the design infiltration pcrameter, and 
(c) the degree of saturation of the infiltration barrier is high, 
perhaps about eighty percent, then care should be taken to protect 
the partially saturated infiltration barrier against the effects o f  
freezing and thawing. There are no data on the relationship 
between the degree of saturation o f  a soil, the number of cicles 
o f  freezing and thawing, o r  the consequential change in hydraulic 
conductivity; therefore, conservatism is warranted. &ccordingly. 
at least one layer of appropriately compacted infiltration barrier 

* should be beneath the predicted depth of frost penetration, both 
for saturated and unsaturated covers. 

3.6 VEGETATED COVERS 

Vegetation has established naturally on the Shiprock, t k w  19exico, 
pile, even though vegetation was not a planned part of the remedial 
action. It may be concluded that vegetation will establish naturally 
on most UHTRA Project piles in moderate climates, even through thick 
rock erosion barriers (up to 18 inches). It is well known that 
vegetation enhances evapotranspiration; therefore, it is reasonable to 
utilize this beneficial aspect of vegetation to reduce potential 
infiltration to a pile. A layer of random material may be required to 
protect the infiltration barrier against the effects *of freezing and 
thawipg; this layer can double as a soil to support vegetation. The 
special study on vegetation considered the appropriate design 
procedures for the use of soil and vegetation; as the decision is to 
use vegetation at a number of UMTRA Project piles to limit 
infiltration, the design of covers incorporating vesetation is 
discus5ed in greater detail in a later section. 
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The study evaluated the results o f  research on vegetated covers 
at DOE facilities such as Los Alamos National Laboratory, Idaho 
National Engineering Laboratory, and the Hanford Reservation for 
application to UMTRA Project piles. Design concepts were identified 
that enhance the covers' ability to store and transpire noisture 
rather than allowing drainage and contaminant transport. Approacher 
were also identified for resisting biointrusion. An appropriate 
approach is the use o f  a buried layer of loose cobbles to impede roots 
and burrowing animals and thereby protect the radon barrier. 

The special study evaluated the pattern of volunteer plant growth 
on the Shiprock pile. Shallow-rooting herbaceous plants are growing 
at the periphery of the topslope and on the sideslope; this indicates 
that moisture is available in the filter layer and surficial portions 
of the radon barrier. Germination o f  the plants was probably enhanced 
by fines in the erosion riprap and filter at certain parts of the 
pile. Plants are absent near the crest, where evaporation apparently 
results in episodic desiccation o f  the filter layer and surficia? 
radon barrier. The most significant concern at the Shiprock site i s  

perennial phreatophytes extend more than a foot into the radon 
barrier. The moisture in the radon barrier will probably favor rapid 
growth and propagation o f  this species across the surface of the pile. 
The radon barrier may be damaged by roots unless the plants are 
rout inei y renoved. 

study used hydrologic models such as HELP and CREAMS 
t o  quantify the long-term water balance maintained by a vegetated 
cover. 

the 12 saltcedars on the north-facing sideslope. Roots of these - 

The special 

3.7 RADON/INFILTRATION BARRIER MOISTURE CGNTENT 

* The covers of the disposal cells at Burrell (Pennsylvania), 
Shiprock (Mew Mexico), and Clive (Utah) consist of a radon barrier o f  
compacted soil, a s i x  inch thick filter layer, and a one foot thick 
erosion protection layer o f  riprap. The design saturated hydrauli 
conductivity o f  t k  radon barriers at these sites is about 1x10- 
cm/s. The annual precipitation at Shiprock is approximately six 
inches, at Clive it is five inches, and at Burrell it is 44 inches. 
The Shiprock facility t . 3 ~  completed more than two years ago; Clive is 
now being completed, although portions of the cover have been in place 
for about a year; and the Burrell facility has been completed for 
about a year. 

L a m p - l  e s -0 f---t he-radoc- ba r-r-i e r-a t --t he se-t hree-s-i-t~e s- wer-e-co 1-1 e&ed------ 
t o  measure the percent saturation, the relation of the percent 
saturation to soil tension, and to predict the hydraulic conductivity 
as a function o f  the percent saturation in the radon barriers. 

? 

A weather station was installed at the Shiprock disposal 
facility to measure climatic parameters, and unsaturated-zone 
monitoring eqbipment was installed to measure moisture contents, soi l  
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tension, temperature, and heat flux in the different components of the 
cover. Monitoring equipment installed at the Shiprock disposal 
facility included tensiometers and gypsum blocks, installed at two 
stations; four ne.Jtron-probe access tubes, installed throcgh the 
cover; and an evaporation pan placed beneath the riprap for several 
days to measure evaporation through the riprap.' Microlysimetry was 
done in the filter layer to measure evaporation from the filter 
layer. Figure 3.6 illustrates the instrumentation used at station 1 
on the S h i p r x k  facility. 

o f  the field studies suggest that the moisture content in 
the radon barrier ranges from 82 to 86 percent o f  saturation, which is 
slightly less than the placement moisture content during 
construction. Soil tension in the filter layer is relatively high 
except after saturation related to precipitation. The filter drains 
or evaporates within a few days o f  the precipitation and soil tension 
increases until the next precipitation. At a depth o i  three inches in 
the radon barrier, soil tensions respond Lo the wetting of the filter 
1 ayer. Generally, there is no response to precipitation in 
tensiometers .. deeper than . six . - inches in the radon barrier; this . 

suggests -tha-t evaporation is an effective mechanism for removing water 
from the radon barrier. 

Results 

Soil tension and moisture cont.ent fluctuate near the surface o f  
the radon barrier in response to environmental stresses. The rate and 
depth of drying following precipitation indicate that evaporation 
losses may be significant, in spite o f  t.he tendency of gravel or 
cobble To 
estimate potential evaporation o f  perched water within the filter, a 
screened evaporation pan was installed below the cobble layer at the 
same depth as the filter. During two days of observation, a 
cumulative loss of four millimeters o f  water occurred. The measured 
cumulative evaporation rate is an order o f  magnitude larger than t h a t  
attributaSle to molecular diffusion o f  water vapor. The experiment 
illustrates that other factors such as wind speed, riprap thickness 
and size, and air teeperature significantly affect evaporation. 

surface cover to suppress evaporation by acting as a mulch. 

The relationship of hydraulic conductivity to percent saturation 
is based on an approach that calculates relative hydraulic 
conductivity from laboratory-measured relationships of percent 
saturation to soil tension. This approach indicates that the a era e 
unsaturated hvdraul ic conductivities are o f  the order of lr10-' cm7s 
for Shiprock and lx10'13 cm/s for Clide. 

- 

The conclusions that may be drawn from the study are: 

o The percent saturation in the upper part o f  the radon barrier 

o Moisture conten: profiles are relatively constant with t i z  ar;.! 

o The radon barrier at Shiprock-will probably not reach saturation in 

responds to meteQrologica1 conditions. 

depth below the ugper portion of.the radon barrier. 

the future. 

.- 
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o The relatively uniform percent saturation throughout the lower rart 
o f  the radon barrier permits calculation o f  the water flux thrdugh 
the barrier on the basis that the gradient is unity. This approach 
yield3 an unsaturated flux at Shiprock and Clive of approxinately 
1x10- cm/s or less. 

o Field data collected at Shiprock are qualitatively applicable to 
other Ut4TRA Project covers at arid sites. An approximation of 
long-term seepage rates through similar covers in similar c'l imates 
could be performed using the boundary conditions at Shiprock. This 
should be verified by post-construction monitoring and modelling. 

Measurement o f  the instruments already- installed-w-ill continue in 
order to obtain further data about the long-term behavior o f  
infiltration barriers on piles in arid climates. 

3.8 HYOROGEOCHEMISTRY 

A special study on hydrogeochemistry investigated tne use of 

calcium hydroxide (Ca(OH)2), and a chemical reducing agcnt, peat, 
for treatmcnt of acid-leached tailings. The test data show that 
neutralizing agents raise the pH o f  the Gunnison tailings solution 
from 2.2 to near neutral ir batch tests at modifier concentrations 
from one to five p e x e n t .  This neutralization results in the. 
precipitation and adsorption o f  most contaminants identified in the 
proposed EPA groundwater protection standards. Concentrations o f  
arsenic, cadmium, chromium, lead, selenium, and uranium are reduced by 
over 93 percent. Molybdenum is removed by CaC03 and Ca(OH)2 below 
a pH o f  7.0. Concentrations of molybdenum increase at a pH greater 
than 7.0. Molybdenum forms soluble complexes which are not 
significantly adsorbed unc!?r alkaline pH conditions. Thes;e test data 
indicate that it is most efficient to intimately mix the tailings and 
the hydrogeochemical modifier during placement of the tailings or 
place the modifiers at the base o f  the tailings pile. It is also 

y placing the geochemical modifiers on tbie :sp of the 
trating liquids will alter the chemical environment 
le and cause the retention o f  contaminants. A 

placed near the downgradient toe of the stabilized 
so remove contaminants from tailings leachate. 

- .  .- -. . . . ..-..-geochemical modifiers including calcium . carbonate (CaC03) and -. - - - - 

possible that 
pile, the infi 
within the p 
geochemical cel 
embankment may a 

Short-term column test results suggert linite.! kim,iic o r  mass 
transfer hydrogeochemical modification occurs when tailings seepage 
water move3 -. _ _  through_- __ the__.hyd-rogqochernical modi iier. Decreases in 
contaminant concentrations are not as gredt as those observed in the 
batch experiments. Long-term colb;::, tcsts are perhaps more 
representative o f  the conditions that will prevail in a disposal 

layer will require a relatively slow transit time for the seepage a s  
it moves through the hydrogeochemical layer. 

b cell. These short-term test results suggest that hydrogeochemical 
L modification o f  seepage from tailings by a distinct hydrogeochemical 
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The strength o f  the Gunnison tailings in the presence and absence 
of geochemical modifiers was measured. Consolidated, undrained 
triaxial tests were run. At low concentrations o f  geochemical 
modifiers (less than ten percent by weight) the c s l c i m  car-bor;a:c 
additive slightly increased the shear strength of the tailings. 
Tailings modified with approximately 10 percent modifiers decreased in 
shear strength. 

3.9 SOURCE M O D I F I C A T I O N  

The source modification study is exploring the change in source 
term concentrations of seepage from the tailings as a function of the 
volume of flushing liquid and lixiviant passed through the tailings. 
Column leach tests have been conducted and the resulting liquids are 
currently being analyzed. Although complete results are not yet 
available, preliminary data indicate this approach is not practical, 
it is expensive. and i t  creates additional wastes such as sludges and 
liquids that will be difficult if not impossible to dispose of safely. 

3 . 1 0  AQUIFER RESTORATION/CHARACTERIZATIC!! i  

The purpose of the study on aquifer restoration and decoupling 
was to determine if compliance with Subpart A of the proposcd E?; 
groundwater protection standards, completion o f  disposal cell recedial 
action works, would preclude or preempt future Subpart B compliance, 
i.e., aquifer restoration. A second objective was t o  determine if the 
construction o f  disposal cells offered an opportunity to 
cost-effectively remediate contaminated groundwater at a site at which 
construction was ir, progress or planned. The general conclusioris o f  
the study were: 

o ,Aquifer restoration is not precluded o r  preempted by construction 
activities at UMTRA Project sites. (This is sometimes called the 
"decoupl ing issue.") 

o Uhile some construction activities (e.g., dewatering during 
excavation) offer the potential for assisting in groundwater 
cleanup, this potential is difficult t o  realize at most sites 
because o f  significant geochernical and hjdraulic uncertainties. 
Accordingly, there are no sites at which the COE plans to begin 
implementation o f  Subpart 8 compliance by attempting aqaifer 
restoration in conjunction with construction o f  the disposal cell 
required for Subpart A compliance. 

The study did note a potential problem-that may be termed the 
"compliance monitoring issue." The problem is this: How does the DOE 
instrument a remedial action disposal cell so that it is possible tc 
confirm that the cell is performing as designed, if beneath the pile 
there is currently groundwater contamination resulting from past waste 
disposal activities? For example, if the current groundwater 
contaminant plume is upgradient and at the remediated cell's point of 
corpliance, groundwater quality data frGm wells at the point o f  
compliance cannot be used to show proper operation of the disposal 
cell. 

. __ . . - - . - . .- -. - - - - - - . - __ - 
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The recommended solution is to install water qualit] and flo;.; 

quantity monitoring instruments in the cover of the disposal cell a::3 
immediately beneath the disposal cell, and no? in the zone o f  existir.5 
contarnipation o r  at the point o f  compliance. By measuring the water 
flux through the cover, ana by monitoring water fluxes and qualit, 
immediately beneath the cell, the DOE may be able to demonstrate cell 
behavior an3 compliance with standards. 

3 . 1 1  SODIUM-AMENDED RADON BARRIERS 

The study on sodium-amepded radon barriers evaluated the extent 
to which the application of sodium to a clay-rich infiltraticn b;i-i-i*j  
soil reduces the permeability of the barrier t o  the level required for 
groundwater compliance. A high percentage o f  absorbed sodiuz on clay 
particles deflocculates and disperses those particles so that soil 
pores become too small for ready transmission of water. This is 
especially true for smectite clays. 

The study concluded that amending radon barriers i t h  s o d i r  
wol;ld reduce the soil 
-less. To achieve the desired permeability, the soil must be high ir: 
smectite clay;. must have at least 25 percent of t h e  cation exchanae 
sites occupied by sodiun! ions, and must be low in soluble salts. l h e  
resultant dispersion reduces the aggregate stabilitj of the soil, 
hence loss o f  porosit:, t h a t  would remain intact -unl-ess new pores W E F ~  
established by the action o f  roots, burrowing animals, desiccation, or 
temperature changes. The dispersion would cause clay particles to 
swell and pore diameters to shrink. This behavior is reversible, and 
would result in increased permeabilities o f  the radon barrier if large 
amounts o f  soluble salts were introduced, for instance, by seepage o f  
calcic water through an overlying cover of limestone riprap. 

' Salt water could be used t o  condition the smectite-rich soils 
during placement, and to introduce absorbed sodium and soluble salts. 
After cornpletion of the cover, the permeability of the radon barrier 
to water (precipitation) would be initially high because o f  thc 
soluble salts in the clay particles. It would be necessary to flush 
fresh water through the cover. The fresh water would leach the salts 
from the radon barrier, greatly reducing its permeability. Saline 
leachate would be collected by an underlying geomembrane and drains 
installed beneath the infiltration barrier, and the seepage water 
would be diverted to a sump. Soluble salts would be remcved and the 
hydraulic conductivity of the radon barrier would be very low by the 
time the geomembrane failed, leaving behind a stabilized pile with :he 
de sired 1 ong - t e rm-hyd-rw 1.k comd uc-ti~ty. 

hydraulic condu:tivity to 1 x 1 0 '  $' crr,/s 01- 

fresh 

Ths feasibility of a sodium amendment depends in large par? on 
the availability of materials such as smectite clay and salt water. 
Claymax currently serves the same purpose with fewer potential 
impediments to feasibility. The use o f  a sodium amendment rerains a 
reliable method for reducing radon barrier permeabil ity should other 
methods be ufiavailable. 
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3.13 

ACLs AND SUPPLEMENTAL S T A N D A R X  

A special study on ACLs and supplemental standards is in 
progress. This study is intended to address a variety of issues 
pertaining to ACLs and supplerental standards and their effect on thc 
LIMTRA Project. The study seeks to integrate the N R C  guidance on A C L s  
and supplemmtal standards. The report, which is not yet coxplete, 
will discuss and identify information and data needs for such things 
as hydroseology, risk assessments, land and water use, and engineering 
design features. In addition, manpower, planning needs, and costs o f  
obtaining AtLs and supplemental standards will be discussed in the 
document. Sample ACL and supplemental standard applications wi 1 1  be 
included in the report. 

FUTURE STUDIES 

Uork is continuing or planned to continue on the following 
special studies: 

o Flume testing of radon/infiltration barrier erosicn: The purpose 
of this study is to evaluate the potential for erosion o f  the 
radon/infilti-ation barrier when the overlying filter or drain is 
very coarse. As previously noted, the more permeable the drair! 
material, the faster water is shed from the pile. If the filtet- 
o r  bed3ing layer could be eliminated, leaving only the erosion 
protection riprap (which is very permeable) the flow of 
precipitation off the pile would be very rapid. There is, 
however, a concern that the rapid flow o f  water o f f  the pile 
could erode the soil o f  the radon/'nfiltration barrier. This 
study is undertaken in order to quantify acceptable, non-erosion 
flow rates of water through riprap off the covers o f  W T t ? A  

, Project proposed standards. 

o Additional m n i t o r i n g  o f  the moisture content distribution in 
constructed covers: Instruments already installed at sites will 
continue to be monitored. 

o . T h e  source terrr, rodification study will continue until the 
complete suite o f  results is available. 

3.14 COIICLUSIOIIS 

The special studies described in th;s section have had a 
significant inpact on remedial action planning and disposal cell 
design. Section 14.0 details the impact of the studies at specific 
sites. A major result of the special studies is the establishment of 
technical approaches that do and that do not c m s t i t u t e  the approach 
termed "as low as rea.;onably achievable" (ALARA). If P.CLs are 
applied. the DOE must demorlstrate, among other things, that the 
disposal cell design reduces seepage from the cell and hericc. 
Contaminant loading t o  the groundwater to ALARA levels. 
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The DOE considers that the results o f  the studies described i r .  
this section and the design approaches described in SubseqaEr!? 
sections o f  this report establish a sound basis for identifyins 
technical approaches that do and d o  not contribute t o  the attain-?r,: 
o f  ALARA levels. For example, if a disposal cell is required to l i ~ i i  
seepage t o  ALARA levels, it is not necessary to include geomer5ranes 
in the cover. Also, for the reasons discussed in this section, tT;i 
ALARA concept does not mandate the use of hydrogecchemical barriers or 
amending infiltration barriers with sodium. 

Conversely, achieving ALARA levels does include providing cover 
drains with as high a permeability as is compatible with radon bdrrier 
erosion control. Achieving ALARA levels at certain sites may require 
the use of CLAYMAX or bentonite amendment of the infiltration barrier. 

The philosophy and legal requirement o f  the ALARA concept de-2n.j 
an integrated assessment of disposal cell site selections, dis2nsal 
cell layouts, and cover and perimeter dike details, includir.; ir: 
particolar an evaluation of suitable cover components. This rep:rt 
establishes tho necessary basis for t h e  integrated design assess-cr:. 
T h i s  section has established the cover and perimeter dike coaponen!~ 
that do and do not contribute t o  ALARA levels, and has docusented v # h j ,  

certain saterials and design details do or do not reduce, control, or 
alter seepage from the cell. 

- 2 6 -  



4.0 REMEDIAL ACTION PLAN CRITERIA AND APPROACHES 

4.1 DISPOSAL CELL DESIGN CRITERIA 

The EPA standards applicable to thc design of UMTRA Projest 
disposal cells and remedial action works establish, in brief, t k c  
fol lowing design criteria: 

o A design life o f  1,000 years to the extect achievable, and at an:; 
rate o f  200 years. 

o Control of the dispersion of the tailings and contaminated n : i : e t . i ; ~ ~  
and prevention of their use by humans and aninals. 

o Minimum reliance on active human maintenance. 

o ContrDl or modification of seepage o f  contaminants fro3 the d i s p o s a l  
facility to the extent required t o  achieve compliance with the 

_ _  groundwater protection standards. - - .  

All design work on the UMTRA Project is done in terrs of the LI!.!TX 
Project Technical Approach Document (TAD) (DOE, 1988a). This do:u-cr,t 
details the design criteria and approaches to the forru?ation o f  
disposal facility design. (The current version of the TAD do?s nJ t  
incorporate the technical approaches described in this report. The 1 2 9  
is being updated to describe new technical approaches that the DOE u i l l  
implement in order t o  comply with the proposed (and final) EF:. 
groundwater protection standards. Pending pub1 ication of the retiis?? 
TAD, probably after promulgation of the final groundwater proteitiofi 
standards, this report describes the DOE'S technical approache: to the 
proposed groundwater p r o t e c t i m  standards.) 

The criterion that seepage from the cell be controlled i s  not 
stated explicitly in the promulgated EPA standards or in the propose? 
EPA groundwater protection standards. The criterion for control o f  
seepage is derived from the proposed standard that the conta-inar? 
concentrations at the point of compliance (a line o r  plans J G S :  
downgradient of the disoosal cell) not exceed the MCLs specified in the 
proposed standards. Control1 ing or 1 imit ing seepage from the sell, 
hence reducing the volume of contaminants reaching the point o f  
compliance, is a practical way t o  reduce contaminant concentrations to 
the specified MCLs. 

An alternative method to achieve the MCLs is modification of ttx 
quality o f  the seepage water, either by hydrogeochemical additives in 
the tailings o r  disposal cell, or by altering the source terr. by 
washing o r  otherwise treating the tailings prior t o  the placerent in 
the disposal cell. As noted above in the description o f  the spfc'al 
studies, intimate mixing o f  geochemical modifiers will be very 
expensive. The economics o f  adding geochemical modifiers c2st be 
compared t o  those of placing an enhanced infiltration barrier. 
Tailings washing wculd be expensive and would generate s l u i c e s  w i t !  
high contaminant concentrations. Institutionally mandated tiix 
constraints preclude using natural flushing as a mechanis? for 

-- .- - ... _ _  A -:-U_r- - L--.- 
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source modification. At this time, control o f  seepage is the ap3roa:r. 
adopted for practical implementation in the desisn of disposal ceils, 
the formulation o f  groundwater compliance strategies, and t h e  
completion o f  remedial plans to achieve the proposed €PA ground;ca!c:- 
protection standards. 

Control of seepage is achieved by the cover, which, as describe3 
in greater detail in later sections o f  this report, is designed aid 
constructed to impege and limit i filtration to very low water 
fluxes--between 1x10' and 1 x IO-' cm/s. To place th se water 

equivalent to a depth of water of 3.1 cm (1.2 inches) per year 
percolating through the cover and tailings. A flux of 1 ~ 1 0 ' ~  cq's I S  
equivalent to 0.3 mrn (0.01 inches) per year percolating through the 
cover and from the base o f  the disposal cell. Such low fluxes can ir 
reality be regarded as essentially zero. Accordingly, while it is n2t 
a standard imposed or implied by the proposed EPA groundAz!cr 
protection standards, the DOE has adopted as an objective, or design 
criterion, the provision of c vers on isposal cells that lir.it the 
water flux to approximately I X J  t o  lx1o-d cm/s or less. 

flux rates in perspective, note that a flux of 1x10- P cm/s i s  

As described in a later section, the DOE does not consider the U ~ C  

of liners to be a practjcal seepage control af-oroach. i f  t r : ~  
permeability of  the liner must be lower than the perweability o f  t b , ~  
cover, bentonite will probably have to be incorporated into the liner. 
A layer o f  bentonite would seriously compromise the stability o f  a 
cell; seepage intercepted by the liner would exit the cell, and this 
seepage would either have to be treated or discharged to surface 
waters. Neither of these approaches is considered either technically 
o r  legally possible in the context o f  the EPA standard for longevity 

UMTRA Project. and minimurn maintenance on the 

4.2 G R O h D W A T E R  COMPLIANCE STRATEG 

4.2.1 General 

In order to des 
corpliance with the 
qroundwat-er comDl i ance 

4.2.2 
. 

ES 

gn a disposal cell and its cover fct -  

groundwater protection standards, tile 
strategy rust be defined. ?he pro;\ose.! 

[PA grcundwater' protect ion standards identify three groundtiate7 
protection corrpliance strategies: MCLs, supplemental standards. 
and ACLS. 

Raxirwi Concentrat ion Limits 
.- - __ ._ _ _  . __ --.__--___--- . -. . 

Comp1;ance with MCLs is th? design objective s t r a t m i :  
i.e., it is preferred to the other two strategies apd the K E  
intends to strive t o  achieve MCLs wherever possible. 
Accordingly, for this compliance strategy, the. design critericr: 
for the disposal cell i s  t o  limit contaminant releases so that 
the EPA MCLs, or background levels if background exceeds 5 -  
particular MCL, are achieved at the point of compliance. F s  
ncted previously, this is best achieved by constrcctir.; c5.;?t-: 
that limit seep e to 1 vels as low as reasonably achievakle: 
i.e., about 1x10 (7gto IxIO-' CR/S. 
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Also, as previously noted, MCLs could possibly bs achievcj 
by hydrogeochemical modification of the tailings or b;, 
installing a liner. For the reasons discussed elsewhere in this 
report, these alternatives may not be cost-effective c.1- 
technically or legally feasible. 

S~DD’I emental standards 

Supplemental standards are an acceptable compliance 
mechanism when, among other thinss, the disposal site is located 
over an aquifer bearing Class I11  groundwater. Supplemental 
standards may, as noted in Appendix A, also be applicable 
because of excessive environnental harm o r  technical 
impracticability, and the like. Class 111 groundwater exists 
when one or more of the following conditions applies: 

o The background total dissolved solids content is greatet- t h a n  

o -There exists widespread ambient contamination that linits the - -  . 

10,000 milligrams per liter (mg/l), o r  

usefulness o f  the aquifer and this contamination is not a 
result of milling activities for which the DOE is responsible 
under the Uraniux Mill Tailings Radiation Control A c t  
.( PL94 - 6 0 4 ) .  Furthermore-, tbrs contarninat-ion cannot be 
cleaned u p  usin5 treatment methods reasonably employs? i n  
public water supply systems, or 

o The maximum sustained yield from the aquifer is not 
sufficient t o  meet the domestic needs o f  a family o f  four, 
i.e., 150 gallons per day. 

The disposal cell de:ign need not be ALARA at a cisposal 
site where supplemental standards are allowed. The design 
should limit seepage from the pile to a degree that is “as close 
as reasonable under the circumstances” (ACARUC) to applicable 
groundwater protection standards. The ACARUC concept involves 
such thinas as a suitabl? location, appropriate pile geometry. 
and a low permezbility cover, but not necessarily iccorporation 
o f  very low permeability elements such as bentonite. In 
addition to making a reasonable attempt t o  meet groundhater 
protection standards, the proposed action should be protective 
of human health and the environment. 

A 1  ternate Concent rat i on  L imi t s 

?he third groundwater compliance strategy in the proposed 
EPA groundwater protection standards is ACLs. An ACL may be 
appropriate if the DOE can demonstrate that the alternate 
(higher) groundwater contaminant concentrations are protective 
of human health and the environment and that the lirrits arc. 
ALARA. Further information is provided by Bierley ( 1 9 % ) .  



4 . 3  PERFORMANCE ASSESSMENTS 

Once the disposal cell design has been formulated and a compliance 
strategy formulated, a performance evaluation is undertaken and 
dccumented for presentation t o  the NRC. The essential part o f  t>,e 
performance evaluation is a written explanation and substantiation of 
why the disposal cell will perform as designed and, in particular, how 
it will comply with the EPF, standards for longevity, stability, 
grourldwater impact, and minimal mairltenance. Technical approaches for 
performance assessments are discussed in detail in Section 12.0 of this 
report. 

. .. 
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- 5.0 THE CHECKLIST DESIGN APPROACH 

At the sane time as the studies described above were in progress. 
alternate cell and cover designs were being formulated and evaluated. Cell 
and cover design were reevaluated in response t o  both the findings of the 
studies hnd the pressures and demands associated with site-specific planning 
and input from reviewers and concurring agencies. The following section 
describes the general cell and cover designs and design selection approaches 
formulated; subsequent sections describe the practical implementation of 
these ideas and approaches. 

and cover designs described below are called Checklist Cells, 
Checklist Perimeter Dikes, and Checklist Covers. These titles at-e 
specifically chosen to indicate the true intent and purpose of the design 
details. They are not- the "best." They are not "generic." It. has heen 
suggested that they be called ALARA cells and covers. This is valid in t k ?  
sense that if it is necessary to support ACLs and hence prove that the 
desian complies with ALARA requirements, it would be necessary to exarine 
the 
is not ado9ted. However, ca1:ing them ALARA cells and covers does no! ircply 
that they are the rJesigns required for successfully invoking ALAE4 
concepts. They are simply those details that have emerged from the stuaies 
and site-spectf-ic di-s-cussions as being potentially suitable for use and 
incorForation in disposal cell designs that will lead to compliance with the 
proposed EPA groundwater protection standards. They are intended to 
constitute a list of possible cell and perimeter dike details and covet 
coxponents that should be examined and considered when compiling, lor each 
site. a disposal cell design. In preparing designs, site-specific factors 
rust ba taken into account. The checklist details are comprehensive enough 
to cover all situations likely to be encountered at UMTRA Project sites, but 
if site-specific factors dictate different details, other appropr'ate 
details * should be adopted even though they are not to be found is the 
check1 ists. 

The cell 

.- . __ 
checklist details and substantiate why a particular component or detail--'- 

Associated with the checklist cover design is A list o f  elimination 
criteria. Examples of cover component elimination criteria are pr0vide.j in 
this paper. Thus. the designer may, for each component in the chechlist 
cover, exazine the elimination criteria list. If one or more of th ?  
elircination criteria is applicable or appropriate to a site, then that 
particular cover component need not be used. 

In practice. selpcticn o f  the appropriate design should include those 

achieve K L s ,  or because o f  the requirement inherent in the ACL approach t o  
reach ALARA levels, but simply bccatlso this is an approach consistent b;i:! 

sound and prudent engineering practice. 

in an earlier sectiorl of thii repcjrt, the disposal cells at a 
nurrber of sites had already been constructed or construction was in prcqrr.:: 
Mhen the proposed EPA groundwater protection s t m d a r d s  were issued. For 
those sites, the checklist design approach is not absolutely appiicz!lz. 

~_ --.d eta.i J s--tha t--- --1 e ad -- to -t he--1 owes t -- ac-h i eva bl e - seep age ,- not nec e s s a r i 1 y -t o- 

As noted 

. . . .. .. .I 



. .  The designer is constrained by the reality o f  the current state o f  design or 
construct i on. It ma), for example, be impossible to implement any of the 
perimeter dikc details as a result o f  site size o r  cell layout constraint;. 
The cover may have already been constructed o r  the materials produced. In 
such cases, the checklist details serve only t o  confirm that the actgal 
design as being Constructed is reasonable. In certain cases, as describe3 
in the case histories, design details have been altered for sites at whicn 
construction i s  in progress. This was doae on the basis o f  the ideas 
incorporated i )to thz checklist approach. 

An additional use o f  the checklist approach is for a site at which the 
DOE may apply for ACLs.  Such an application involves providing to the RRC 
documentation rationale that the design doss achieve t.hc desired end o f  
ALARA concentration limits. By discussing potential arJplicatile check1 isi 
details in the A C L  application, and by showing that they are not appropria?e 
Dr inplecentable, it will be possiblz to demonstrate to reviewers in a SQa:id 
and convincing manner that design decisions are c o v e c t  and in corpliancc 
with the prGposed standards, regardless ?f whether t.he compliance strategy 
is to use MCLs or A C L s .  (See also the discussion in Section 3.14 for a 
detailed exposition o f  this philosophy and technical approach.) ,. ~ 
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6.0 CHECKLIST CELL D E S I G N S  

Three basic :-ell designs should be considered for an UMTRI. Project 
disposal cell. These are: 

o The typica? cell: Figure 2.1 shows the layout and details o f  the typical 
cell. It involves placing an appropriate cover over the top and sides of 
the stabilized embankment, which have been reconfigured t o  form a 
suitable shape--usually a pyramid top and relatively flat (five tc one) 
sides and a topslope o f  two to three percent. 

o The constrained cell: A s  shown in Figure 6.1, the essential feature of 
such a cell is surrounding dikes of clean, compacted material. This cell 
design s likely to be appropriate primarily for sites t o  which the 
tail ins5 The advantage of this 
design s that there is no potential for seepage through contaainated 
material underlying the sideslopes. T h i s  may facilitate com2liance w i t h  
the E P A  groundwater protection standards at sites where it is necessary 

from the cell. The disadva,itage is that this cell is likely to b e  the 
most expensive to ccnsrruct; the clean material tc? build the perinter- 
dikes may be costly to obtain and place. Material for constructir,? the 
.perimeter dikes nay be obtained fron an excavation form?d be'ore 
placerent o f  the tailings. Determination of the optimur deptt: of 
excavation is based on the nature of the foundation materials arid the 
impact of decreasing the distance between the tailings and -.he 
groundaater table. In order to preclude the poss'bility of backflow of 
water flowing off the cover over and through the perimeter diL.?c and 
herice into the tailings, it will be necessary to provide ei?+r an 
in-cell slopa to the dik? or to build anistropy into the dike such t?:at 
f l o w ,  is out and away from the tailings and other contaminated materials. 
The top cover slope and details will be selected by considering the 
checklist cover described later. 

and contaminated materials are relocated. 

to significantly or severely limit the quantity o f  contaminated seepage .- . . .. 

o The buttressed cell: As shown in Figure 6.2, this cell involves 
buttressing the SidPslooos of the in situ tailings pile with clean. 
compacted material to provide siab;lity. This cell design is likely to 
be appropriate where tailings are stabilized in place. If the tailings 
are to be relocated, th2 design cay be u s t d  to maximize the cell volume 
for tailings and contaminated materials. The major constraint on the use 
of this coll is the need to position the bentonite layer relatib8.e to ?he 

. clear, material buttress to provide slope stabiiity. Hydrological 
calculations should h p e r f o r n e d  ___ t3 confirr that ~- --__ infiltration through the 
Tow-pTtmPFhi1it.y layer can be 1 imited to acceptable amounts by 
placing a drain over the 1oM-perr.eability element or by the impedance to 
flow resulting from the presence o f  the bentonite layer. The topslope 
cover is selectcl! by ccTsidering the Checklist Cover. 

sideslope 

Many Title ? I  uranitm mill tailincs piles are surroundec! by earttier, 
dikes o r  embankments. 1.5 noted by Snepk8srd and Abt (1987) ,  this is the rc:t 
s-igqificant differr?r.c? b e t w e n  Title I and ?it!e I 1  piles. A s  descr',te.l 5 ; ~  
I.lilier ;nC ;ja*ris (1987) .  the L E C  h a s  accepted a soil cover f3r the disprjs31 
c e : ;  at ?he kay Pcini .  Texas, Title I 1  site. Soil has been used iri t1.c 

I .. : 



FIGURE 6.1 
THE CONSTRAINED C E L L  
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FIGURE 6.2  

THE BUTTRESSED CELL 
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renedial action works on both ?he top and sideslopes. The t h 3  ::::.:I 
significant dssign features o f  the Ray Point pile are shown schema tical?^ i r :  
Figure 6.3. lhc top surface is contoured so that all flow i s  directed a;,.;:,. 
from the steeper sideslopes (not towards and over them E S  is curren? V!:;:. 
Project practicz). Flow is directed to a broad, shallow 5-r .2?c . .  
topcgraFhic low, and the s iopc  from the top of the pile to the surroundir - ls  
area is gentle. If required, erosion control rock may be placed G!- 
base-level features may be cotlstructed in the drainage swale. The ti?: kz5  
compiled a description o f  acceptable analytical techniques to asjejs 1k.c 
perfortarlce and substantiate the acceptability o f  pile layouts such a s  sno\tri 
in Figur2 6.3. In brief, the designer must show that the precipitation t h a t  
will f a l l  on the perime:er dike will not cause a gully so deep that it will 
erode towards the tailings (see Figure 6.4). Also, the designer m s t  s b ;  
thzt flow on the topslopes and in the ultiinate swale will not cause gully 
erosion that will impinge into the tailings. 

Two other disposal cell "layouts" or remedial action approarhes t:tiit 
b2)n ideqtifisd, and are discussed here for the sake o f  co-zletepe<.j. T b ; .  
first c i  t h e s ?  i s  that adL?;ted for the Honurient Valley tailir;:.: I . ~  . 
relocat? them .and place them on .top-of another pile. A similar apr.rc.ach :c,  
being used at the Riverton, k'yocing, site, although there the rezso: h 2 s  r.?: 

the proposed E P f i  grcundwater protection standards. The obviolrs 2dvan?a;ir :.r 
colocation is the presence of one rather than two piles, particulzriy i f  
grounchiater conditions at the colocation site are corldurive to co-=liar.cc 
with the standards. Although there are two UMTRA Project sites at which 
coloca?ion could be used (Falls City and Ambrosia lake), this optior: i s  
uniikely to be used again on the UMTRA Project primarily because o f  the 
significant institutional constrzints involved in colocating Title I ar.3 
T i ? l e  I 1  tailing:. 

Another possible disposal cell layou? listed for completeness ij terycd 
the "cigar pile." The tailings and other contaminated naterials krGdid t;.: 
placed 'into a long. narrow pile oriented perpendicular to the prevailir,; 
groundwater floh gradient. In theory, the potential for zeeting !.!Cis is 
enhanced because the impact of contaminant seepage from the pile i s  s p r c ~ d  
over a greater distance and diluted by .a greater volume of groun2d;ater 
seeping beneath the pile. Another advantage of this cell is the rela?ivel,, 
short sideslope,s, which car! be kept steep to increase the rate at which tkr. 
pile sheds precipitation and thus minimize infiltration. Difficulties i n  
irrplere?ting this type of pile include nonuniformity of the groundwater f ? o x  
gracfiect over the length of the pile: the increased volume of cover relative 
to thE encapsulated volume; and . le absence of topslope where v e r j  lo..; 
perreability elements ray be used. 

I 
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7.0 CHECKLIST APPROACH TO PERiHETER DIKE DESIGI: 

7.1 GENERAL 

figure 7.1 zhows 5 ncmber of possible desisns for the perixier- 
dikes o f  an UMTRA Project disposal cell. To determine the appropriate 
detail, proceed as follows: 

o Examine possible perimeter dike layouts as shown on Figure 7.1. 

o Evaluate the advantages and disadvantages o f  alternative Feriseter 
dike details for the specific site. 

o Adopt the appropriate perineter dike detail, suitably adjusted f o r  
site-srJecific conditions. 

[he p e r i w t e r  dike design alternatives shown on figure 7.1 arc. 
categorized on the basis c f  whether or not the tailings it-? 
relocated. For tailings stabilized in place there arc three basic 
design opt:cns. lh? first option, and that currently planned for a l l  
W T F G  Project p i i c ;  t h a t  Nlil be >tabilized in place. i s  s i r : ] )  tf: 
flatten existing slopes and cover them with an appropriate cover. In 
theory, any of the cc'r'er- options derivable from the Checklist  COVE.^' 
(see Section 8.0) could be used. In practice, the best cover on the 
sideslope is the standard cover, which incllides a radon/infil tration 
barrier, bedding, and riprap for erosion control. The design of the 
riprap is discussed in detail in the TAG (DOE, 1988), is not affected 
by the proposed EPA groundwater protection standards, and is not 
discussed furthEr here. The design o f  the infiltration barrier to 
control and limit infiltration is the critical aspect of the 
sideslope cover performance affected by the proposed ground,dztet- 
Drotection standards. Cover performance evaluations are discussed ir: 
detail in Section 12.0. 

In arid and semiarid climates, with up to nine inches o f  
precipitation per year, the data from the radon barrier moisture 
content study (see Section 3.7) support the theory that the 
infiltration barrier on a standdrd cover sideslope will be par.Sially 
saturated. In wet climates, such as those with more than fifteen 
inches o f  pteci2itation per year, the sideslope infiltration barrier 
will probably be saturated. At sites where the annual precipitation 
i s  between nipe and fifteen inches, the degree of saturation of the 
side:?5pe infiltratioc barrier will probably depend or! thi detail: o f  
the tcpslope coier, as discussed bclov:. 

If the to4slope cover at a site in an intermediate clirnate zone 
incorporates vege?ation that sufficiently limits the volume of w;r!er 
entering cover drain and hence flowing to and over the sideslope 
infil?ration barrier, the infiltratim barrier will remain partially 

tho 
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saturated. Conversely, i f  the topslope cover at a site in ar? 
intermediate cl imate zolle incorporates only a drain and riprap. 
significant precipitation runoff from the topslope will flow towards 
and over the sideslope infiltration barrier. The potentiai fcr- 
saturation of the sideslope infiltration barrier is considerabl;, 
greater for piles without topslope vegetation. 

If the degree o f  saturation of the sideslope infiltration 
barrier is too great and the resulting water flux through the 
sideslope cover derogates from achieving MCLs at a disposal cell's 
point of compliance, the designer should consider a1 ternative 
perimeter dike details. A buttressed cell approach could be used; 
i.e., Claymax or a soil amended with a high percentage of bentonite 
may be placed over the existing sideslopes of the pile, a drair, 
constructed over these. and finally the slopes buttressed by, c ~ c - s ~ !  
fill. The suitability o f  such an arrangement will have to D ~ J  
c o n f i m e d  by stability analyses which include consideration o i  
failure along the potential slip surface formed by the loh-stron?!h 
bentgni te or bentoni te-ainmended soil. Prel ininary analyses by the 

__ . -. . - DOE confirm th.at for slope heights less than about 20 feet, i f  the 
inner, o r  low strength, slope or plane is about three horizontal to 
one vertical and the outer slope about five horizontal to or:e 
vertical, d e q u a t e  factors o f  safety may be achieved. 

An alternative to placing the very low permeability layer dcwn 
the sideslope is t o  continue the layer cut from the topslope at It+*: 
same inclination as used on the topslope, and extend it sufficiently 
far over clean fill to preclude infiltration coming through the 
perimeter dike from contacting the tailings. This arrangerent is 
shown on Figure 7.1. The arrangement is likely to be relativelj 
expensive if the perimeter dike height is great, but it does 
facjlitate construction in that it avoids the need to place Clayxax 
o r  'other lov~ permeability layers on inclined slopes. There is 
concern that back-flow or seepage through the clean fill may occur-. 
Soch seepage could contact the tailings and becoxe contaminated. Tc 
prevent this, i t  may be necessary to construct a capillary break o r  
drain between the tailings and the clean fill, which would increase 
the cost o f  this particular perimeter dike design. 

7.3 PILE RELOCATIOf4 

All three o f  the perimeter dike details described above could be 
used if the tailings are relocated. In addition, the three 
addi!ional perirreter dike details shown on Figure 7.1 are feasib?e. 
For example, a complete dike o f  clean fill taken from the cell 
excavation is to be used for the Gunnisorl tailings disposal cell; the 
cost o f  this refinement is about one million dollars more t h a n  2 
condentional sideslope cover. A complete dike of clean fill could in 
theory be used to stabilize tailings in place. The cost o f  buildin(; 
the dike and filling in behind with tailings is not likely, however. 
to be economical. This optiofi is not envisaged for any Uf4TRA ProjE-c: 
pile that will be stabilized in p1,re. 
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The outer slope of a clean fill dike could be placed as flat a: 
five horizonta? to one vertical, and it could be covered with 
erosion-resistant rock riprap. I f  this is done, the outer slope will 
differ little from a conventional sideslope. However, because the 
dike is of clean fill, i t  may be pcssible to increase the outer ~ 1 0 ; s  
to three t o  one and es?ar;lish vecjetation directlj on the oCitEt- 
slope. Erosion control will be verified according tc! the procedat-es 
discussed in Section 10.0 (see also Figure 6.4). 

se 
a 
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PI 

In order to prevent possible conract of the tailivgs with water 
heping by backflow through the dike, it may be necessary t o  install 
capi?lary break or drain between the tailings arid the dike. 

ternatively, anisotropy may be built into the dike by layered fill 
a c m e n t  and conpaction. The degree and inclination cif the 

anisotropy would have to be arranged to direct water from the top 
cover away frorr; the inner part of the dike and away frcn t h e  
tailings. It is also feasible that the outer part o f  ?he dike c e ~ 1 . l  
be constructed of rnaterial more permeable than the inner part: t h i s  
would tcnd to direct flow f r o ?  the topslcpe away frorri t h e  tailir.;;. 

The material for the dike can be economically excavated fro? the 
base cf the disposal cell. Such an excavztion would increase thc 
capacity o f  the disposal cell, thereby reducing the area and cost o f  
the facility. The depth of the excavaticn would be liaited by t h e  
nature c f  the soils at the site and the depth--to--the groundwatet- 
tdble beneath the disposal cell. Site-specific investigztions arc; 
required to optimize the alternative design for each facility. 

Perimeter dikes of clean fill are a valuable design option in 
achieving M C L s .  There is no need to decide if flow thorugh the 
Perimeter dike will be saturated or partially saturated as there are 
no I tailings benesth the dikes and no possibility for contanination c f  
water seeping through the dikes. There is no need to be concerned 
about freeze and thaw effects on the soil. Vegetation may establish 
and th2 roots may grow deep, without ioncern for bioiotrusion to thc. 
tailings. LimiteJ erosion of the dike could occur, and the tailings 
would reaain safely encapsulated in the disposal cell. 
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8.0 THE CtiECKLIST COVER 

8 . 1  

- . 

8 .  Z 

CHECKLIST COVER OBJECTIVES 

The Checklist Cover as shown on Figure 8.1 incorporates all 
reasonable components possibly required at a site to: 

o Control erosion. 

o Limit infiltration. 

o Provide freeLe:'thaw protection. 

o Inhibit radcr, eranation. 

o Drain c r  shed precipitation. 

o Control biointrusion. 
-. .. - 

c E? self renewing and adaptable t o  climatic change If vegetat.ior i s  
us,?:. 

APPLICATIC!: OF THE CHECKLIST COVER APPRCIACH 

In order to deterrine the appropriate Components tc bc 
incorporated into the cover at a particular site, proceed as follov;,: 

o Obtain site-specific data. 

o Examine relevant characteristics of the natural landscape (gullies. 
yegetation, and the like.) 

o Exarine the Checklist Cover and eliminate components on the bas15 I ; !  

criteria in the Component EliminJtion Criteria List in Appendix Z .  

o Coxpile the final cover as a composite of the remir4:r,;. 
non-elininated components. 

The checklist approach to the design of a cover is simplistic i f j  
that each coicponent tends to be viewed in and of itself. In rea1it:i. 
there i s  considerable interaction of the variolJs components. I t  h a s  
been said ?hat the various conponents. properly selected, for? c 

-funct iona-~--synergistic----en-t--i.ty.----For--- exanple; - in-- theory the u s e  cf 
C L A W A X  as the only operational infiltration barrier is reasonzbl?. 
However, der;.ands such a s  stability constrzints dictate relatively f l b !  
slop3s fqr ths bentonite layer. Thus, there may be lit::;- 
gravity-induced runoff or sheddicg o f  precipitation through the d t - z ! ~  
above the bentcnite layer. An hydraulic head could build up above :! .e  
thin bentonite layer; the result kould be an increased gradiert a r :  
hence increased infiltration through the infiltration b a r r i e r .  !S 
reduce the potzntia-l for biiildirp o f  water in the drain. it is prurjcr?? 
to place a soil layer (prcbably required at any rate for fro:: 
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protection) above the infiltration barrier, and to establish vegr-:a!l?n 
in the soil. The evapotranspiration of the vegetation will reduce t h e  
frequency and the amouct of percolation reaching the drain, hence. : ! ~ e  
need to rely on lateral shedding to remcjve water from the pile. 7 5 ~ .  
designEr should always be on the lookout for possible oppGrtunitiei r c  
enhance the interactive or synergistic effect of the various cornponi;nts 
in a cover. 

It is inpcrtant to note that the Checklic,i Cover is only a part o f  
the design prctess. The checklist approach i s  intended only to assist 
the designer.; it is not a substitute for professional judgement an3 t h c  
compilation o f  an appropriate site-specific design justification. 
Data, design evaluations, and calculations are required to Val idate !!I? 
suitability o f  the chosen design for the specific site. The checkjis: 
cover approi:ed also facilitates identificaticn o f  cover desicjn c?!ails 
required to achieve ALARA levels wh2n apprc~riati?. 

8.3 SPECIFIC COVERS 

In t h e o r y ,  the use of th2 Checklist Ccver approach colild l ~ a d  ;: a 
very larce number of different covers. In practice, a lifiited nurks2r 
of cover tyGes or corbinations o f  Chscklist Cover coTpocer,ts h a s  t e e n  
identified. These are: 

o The Standard Cover: A n  exaxple is the Ambrosia Lake cover 5s s k ~ x n  
i r :  Figure 2.1. The . three cor;ponents are: the radon/infiltration 
barrier o f  corrpacted soil; the bedding or filter sand; and the 
erosion protection rock. 

o The Double Orain Cover: An example i s  the cover for the sideslopes 
of the Otirango, Colorado, disposal cell (see Section 15.4). The 
components are: a radon/infil tration barrier of compacted soi 1 ; a 
drain: a zone of random soil, the pdrpose of which i s  to inct-eaLc 
tke depth of the cov2r to protect the iniiltration barrier against 
freezing and thawing; a bedding layer: and the erosion-reiis?ar.! 
rock. 

o The Full Component Cover: This cover incorporates a l l  the P l w e n t s  
or components of the Checklist Cover. Examples are the Gunnison and 
Grand Junction topslope covers (see Sections 15.1 and 15.3) 

The perfornance of these covers is discussed in detail in Sectior! 
! 2 . 3 .  Before undertakins that discussion, however, we discuss t h c  
perfotrance o f  two o f  the individual components of the Checklist Cover: tf2e 
bentonite infiltration barrier and the vegetated soil layer. 

- 4 4 -  
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INICAL A?PRCACH TO THE ; IS:  O F  EEUTS 
INF ILTRAT IOf i  B A R R 1  ERS 

ITE roil 

The infiltration barrier can be one o r  more c f  the following 

o A low Derwdbility soil that also functions as the radon barrier 

o A soil m 2 n d e d  with bentonite that alsc functions as the radorl 
barrier. 

o A layer c f  bentonite two t o  six inches thick. 

o k C!3i!%:X rat (or geosynthe!ic), which is 1 c o ~ x t - c i ~ l  prodLC! tr:! 
C C r t s i s t s  u f  a thin layer o f  bentonite bctujetq two geotextiles. I i : e  
bento?ite ir 0.25 i n c h  dry. 1.9 inch hydratet x i t h  frer sr :a! : i -n .  
and C.33 i r o c h  when hydrate3 and subject to overbur-dell str-eb~cc 
sizilar t o  those experienced i n  a typical cover. . . - ... 

9.2 C L A Y t c ) :  

Sc7.e technical cctails a h g t  CLAYPAX are: 

o The c,a?ura!ecl hydra?rlic conductivity is about l ~ l O - ~  cn,‘s. T I : ?  
rnanufzctgrer$ o f  CLAYKLX clair: an b;Jraul ic conduc?ivi ty of 1 ~ 5 :  
th6n 1 x 1 9 -  ca,’s. Mitchell (1976) gives t e hydras1 i 
c o n d x t  ivi ty of bentonite as ranging from lxIO-’ t o  1x10- 
p / s .  Tests done by the Technical Assistance Contractor ( T K )  05 
the Y ? R A  Project confirm the low hydraulic conducti,;it:d ~ ; f  

bentocite. 

b 

o The effective angle of friction varies from four to 10 6cgvec:. 
This btrength range is taken from data in Mitchell (1975) for 
bentonite. Tests by the TAC confirm this strength ran3c.. ? t c  
m c g f a c t u r e r s  of CLkYMAX quote an hydrated strength o f  eight 
degrees. 

o f??ntop;?e is a natural material; it is not expected to alter d u r i n g  
the disposal cell design life. 

c Instzilation is easy. Lo 

o The geotextiles are not 

par:els by about six inches. 

deteriorate and should not 
c G ‘ I E r .  Their purpose i s  
the r.3:. 

niT9 is achie.lred by overlapping adjacen? 

ong-term elements o f  the mat : tnej w i i  1 
be relied on as.a functional part c;f the  
t o  facilitate transport and ;Jlacexr.t c f  . .  

The follo;iin? are so-r, design dEtai1s for the us2 and construc:iGr. 
of ccver; that include CLAYfCX as the operative infil tratiorl b k r r i e r -  
(see el:c figurzs 9.1 ane 9.2). 
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o Place above the radon barrier and below a sand drain. The mat is 
placed above the radon barrier because the fine-grained soils o f  the 
barrier make an ideal bedding layer. lhe mat should not be p;a:cd 
within the radon barrier teecause the permeability o f  the s o i l s  o f  
the radon barrier ;re such that drainage is not facilitated 2 1 . i  
hence an hydraglic head could build up above the mat and increase 
the w a t w  flux through the mat. The radon bLrrier should b2 s l c p E J  
at least two percent so that precipitation entering the drain aSclve 
the mat can flow off the pile. 

o Cover with a filter (or drain). The particle gradation shoulu be 
primarily a clean sand. The hydraulic conductivity should 
preferably b 2  no less than 0.1 cri/s. The drain thickness should be 
about six inches. The purpose of the drain i s  to preclude tkc. 
buildup o f  an hydraulic head on the bentonite; wa:nr will f l ~  
downs?ope through the drain and off the pile, and will ~ s t  
accumulate above the mat and increase the hydralllic gr?ciier,t throsGr: 
the ben?onite. 

o Place beneath depth o f  freeze/thaw. Data to prove conclusibely t k z t  
t!,2 bentonite i s  not affected by freezing and thawing a r e  not 
cilrrently available; tests are in progress and the) indicate t h a t  
freezin3 and thawing will nc? decrease the bentonite's 
permeability. Until data to prove no reduction in hydral; 
conductivity with r3peated freezing and thawing bECCn3 a*tdilzt 
the conservative arproach of placing material beneath the predic 
depth o f  frost penetration should be adapted. 

o Do f ist  tise on unbuttressed sideslopes. Eentonite has a very 
strength and should be uhed with extreme caution on sidesloces. 
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he 
but?re:s detail shown on Figure 9.2 nay be adopted ;f s i c p c  
stability analiises confirm adequate factors o f  safety agair,sr 
sliding, deforrcation, o r  other instability. ' 

o Construct a topslope o f  4.5 percent or 1.55. The factor of safety 
of an infinite slope sf 4.5 percent tt. ' '-rorporates a material 
with an acgle of friction of four l c .  , i s  1.5. To maintain 
static stability, 4.5 percent is therefore the m a x i m m  tOF5lGpe 
inclination that shoilld be used unless more detailed analyses are 
completed t o  demonstrate stability. For dynamic, or earthquake, 
loading conditions, a pseudostatic analysis using the site design 
acceleration should be completed to confirm that the topslo3e w i l l  
refain stable. 

The C3E prcpcses to incorporate CLAYMAX in selected IJMTRA Project 
disposal cell covers because of the potential benefit of C L A Y K X  i f t  

reducing or c o n t m l l i n g  infiltration. The DOE believes that a cover is 
less permeable with CLAYMAX than without it. T h e  DOE is not concerned 
about the thickness o f  CLAYMAX, and does not believe a thicker layer o f  
bentonite is required. The DOE considers that downrating o f  the 
hydraulic conductivity o f ,  CLAYMAX on an arbitrary basis i s  

assessments o f  coverc,, the CLAYKAX will not be the m l y  impedipefit to 
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unwarranted. A s  described in the section of this report on perfcrrr.ar::e i 
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and associated 
rst component to Iim t infiltration. 

The' drain; which will shed water laterally off t e infiltration 
barrier, will be the second component limiting infiltration. The 
CLAYMAX will be but the third component installed to control and licit 
infiltrazion. Becabse of the uperaticn o f  the two upper components, 
the CLAYMAX will not be caiied on at all times to impede infiltration; 
only on those rare occacions when prec"pitation exceeds tne holding and 
evapotranspiration cavacity of the s17il and plants, and when the 
seepage from the soil precludes complete shedding o f  seepage water, 
will the bentonite be called G!I to intercept infiltration. 
Accordingly, even i f  some parts o f  the bentonite layer are mt 
operating at their full design hydraulic conductivity, the resultant 
average flux through the cover will nevertheless be considerably less 
than the saturated hydraulic conductivity o f  the bentonite layer. 

Finally, arbitrary downrating of the hydraulic conductivity o f  
CLAYMAX logically leads to its eliainaticn: k'hy place C L A Y K i X .  With 21: 
arbitrarily assiqnsd hydraulic conductivity greater than I X I O - ~  c r  5 .  
when compacted s o i l  will have at least the same hydraulic csndgctivitv? -. - . 

. 
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9.3 BENTONIT€ OriLY 

A secozd method of providing a layer o f  bentonite a s  an 
infiltration cont.rol component in a cover is to spread the bentonite 
above the radon barrier to the required thickness. The miniran: 
practical thickness of bentonite that could be spread is about three 
inches. In practice, it would probably be better to place a four to 
six inch layer of bent2nite. Depending on the material, and hence the 
surface roughness of the radon barrier, it may be advisable to plzce a 
geotextile over the radon barrier before placing the b w t o n i t e .  I t  
wil) probably be necessary and prudent to cover tbe bentonite layer- 
with a geotertile before placing subsequent cover components. T h i 5  
upper geotextile will protect and maintain the in-place thickness and 
position of th2 b e n t m i t e  layer during placement of subsequent layers. 
Tt-,e geotextile will deteriorate with time so it cannot b2 relied on, 
nor is it needed, for the long-term performance of the bentor,ito 
layer. A bentonite layer, as described here, will be both difficult 

' and expensive to construct. Moreover, for the reasons discussed in the 
previous section, the DOE does not consider that so thick a iayer i s  
required unless site conditions are such that it is not possible t o  
rely on the operation o f  the soil and plants to evaporate water, or the 
drain to adequately shed water. For those r e a s m s ,  CLAYt.1AX is 
preferable to a layer of pure Sentonite. 

____. 

9.4 BENTGillTE-AMMEHI)ED SOIL 

Ir, most cases, the void space of a sand or silt i s  about thirty 
percent of t h e  total volum2. Filling this void space with bentor,itP 
should produce a very l o w  permeability material. Very limited testin? 
on the UMTRA Prcject indicates that the addition of up to thirtj 
percent bentonite to a suitable soil can reduce the hydraulic 
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conductivity c f  the mix to about 5x10’’ cm/s. Intimate mixing o f  t t . 5  
t w o  materials is necessary in order t o  achieve the minimum practical 
permeability. Field compaction o f  a material with such a h i 5 5  
bentonite content is very difficult--if bentonite g e t s  t o o  roist i t  
sticks to compaction equipment. For these reasons ?he DOE has elec?e.: 
not t o  use this approach. 

No data are available about the strength o f  high-percent bentonite 
mixes. In theory, the strength should be higher than pdre  b e n t o n i t e .  
It i s  possible that in a situation where the low strength o f  p d r e  
bentonite is an iRpediment t o  its use, a bentonite/soil m i x  could b e  
used. For example, a bentonite/soil mix may be viable on the 
sideslgpes cf a cell. The sideslopes may have to be bu?tr;ssed to 
attain the desired factor of safety, but the extent o f  buttressina ra;; 
be considerably less than if pure bentonite were used. 
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10.0 TECHNICAL APPROACH TO THE DESIGN OF SOIL COVERS 

. .  

10.1 08SERVATIONS AT SHIPROCK 

Sone vegetation has established naturally on the Shiprcick. t i € %  
Mexico, pile. The cover design at that site is a seven foot radon 
barrier o f  compacted soil, s i x  inches of relatively low permeability 
bedding sand, and one foot of rock that constitutes the erosio:) 
barrier. Vegetation is not a planned part o f  the remedial action. 
More vegetation occurs on the sideslopes than the topslopes. 

The sideslope vegetation includes 12 saltcedars, deep-rociing 
phreatophytes that are using moisture in the tedding layer and radon 
barrier. Vegetation on the topslopes is clrrrently limited to russian 
thistle and sumnercypress, which are annual t w b l e w e e d s  t h a t  b r e a k  o f f  
from their tap root every fall and disperse dcwnwind. 

relative paucity o f  vegetation on the topslopes by corr,,nat-iscr: 
with sideslopes may be dde to the periodic desiccation o f  the filtEt- 
layer. and upper portions of the radon barrier due t.o evaporatisr:. 
This hot, dry condition would kill plants that fail tc! e x t e n d  ? k z i r -  
roots into the moist portion of the moisture barrict- p r i o r  to 
surficial desiccation. On the other hand, tbc lzrgel- rocks o f  !ht 
sideslope may provide cjreater insulation, h*nce protectior, against 
heating and drying of the filter layer. This would result in a r:rc 
favorable environment for germination and growth o f  plants. The 
phenomenon is pronounced on north facing slopes where reduced exposure 
to the sun's rays results in reduced evaporative moisture loss. 

previously described study on the moisture content o f  the 
radon barrier, it is stated that at the points at which observations 
were made, drainage or evaporation occurred from surficial layers 
rtithin a feN days o f  precipitation. Shallow-rooting herbaceoas 
vegetation at the periphery o f  the topslope and on the sideslope 
suggests silstained avai labi 1 i ty o f  surficial moisture. Ths 
observations at the crests cannot not necessarily be extrapolated for 
the entire surface of the pile. Thus, some parts of the 
radon/infiltration barrier where little vegetation i s  present nay 
indeed function partially saturated, btrt where there i s  significapt 
vegetation, the infiltration barrier may be saturated becal;se of the 
longer residence of moisture in the filter layer. 

The appearance of vegetation on the Shiprock pile, which i s  in an 
a-r-id-reg-i on ,--1 ead-s--t-o--the--c-tinel-u s i om--t ha t 
likelihood that vegetation will establish naturally on piles even 
through thick rock erosion protection rock layers. (No significast 
vegetation has agpeared on the Clive, Utah. pile. This may be d u z  t c  
the use of high-salinity water in placement of the radon barrier.) 

The 
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10.2 R E A S O M  FOR USING VEGETATION 

At many UMTRA Project piles, relatively thick layers o f  random 
soil are required t o  protect the infiltration barrier against f r o s t .  
This layer is ail ideal growth mdi;rm for vegetation. Eecause t h E  
piles prcvide a place for the vegstation t o  grow in a controlled 
manner, and because vegetaticn may grow on these piles, the utility o f  
vegctaticn as pari of the stabilization approach has been evaiuated. 

Airother reason for gsing v ~ p t a t i o n  on the topslopes o f  piles is 
i t s  effect in reducing infiltration. Ebapotranspiration will 
significantly reduce the amount o f  water that percolates through the 
soil layer t 3  the underlying drains above the infiltration barrier. 
Hence, thore is a considerably redticed need t o  rely on the capacity o f  
the drain to carry percolating water off the pile: there is a 
ccrsidzrably reduced potential for the buildup o f  an hydraulic head i:: 
the drain abcve 3 thin bentonite layer, and therefsre a reduce? 
potent i a1 for inf i l  trat icn. 

. _ ? ?  . .  For the above reasons, there has Seen a strong movement towards , i: ._ 
using vegetation on selected pile topslopes. The remainder o f  t h i s  
section accordingiy discusses the technical approaches to t h e  
enginezring design of soil and vegetated covers. Considsrable 
additicnal detail cn the C I S ?  o f  veg2tation on UMTRA Project co:'sr-s is 
ccntdine? in tP.e report on the veaetative covers special study (DOL, 
1 9 E 3 f ) .  

10.3 E N G I N E E R I t G  DESIGr4 OF SCIL COVERS 

The HRC has established th? following methods a s  techcical 
approaches for justifying or designing soil covers and slopes: 

o .Compile a detailed geomorphological study of the site vicinity to 
establish the relationship betnreen watershed area, runoff rates, 
vegetation, slopes, ar;d gully developnient. 

o Demonstrate by a mathematical analysis that a gully on a given 
slope wjll not, as a result of the average annual precipitation. 
intrude into the tailings. 

o Determine, using a mathematical calculation, the slope length 
required t o  develop a gully for a given slope inclination. 

o Calculate the potzntial soil loss due to sheet flcw ero.;ion 

o Ccmpi!e an empirical evaluation of the potential for the f0rrratic.c 
o f  deep gullies on soil sideslopes acd soil dikes, with the 
objective o f  precluding deepening of the gully throush the s o i l  
into the tailings. 

o Undertake a rigorous cost/benefit comparison between the use o f  
rock and soil covers in enhancing pile erosion protection. 

- 5 3 -  
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Not all o f  the above approaches need be used at each site. I t  i s  
left to the discretion o f  the designer t o  decide which on? or 
combination of the approaches is required for a site to provide to thc 
NRC the required l w e i  cif proof or certainty that the soil cover will 
remain stable. 

The DOE: recommends for consideration the following additional 
methods for justifying or designing soil covers: 

o Incorporate features into the design that establish erosion base 
01 that preclude gully development or propagation o f  qullies levels 

(see Figures 10.1 and 10.2). 

o lise an acceptzble method (such as a water balance rodel like H F L P  
(DCC, 19%) or CREAMS (DOA, 1980)) to calculate the required depth 
o f  soil t o  enhance moisture retention and minimize seepage to t h e  
filter above the bentonite infiltration barrier. 

The technical approach o f  incorporating erosion control fea!ures 
into the topslope c w e r  should be used only when it i s  not p ~ ~ ~ i t . 1 ~  to 
show by site and regional geomorphic studies and the other 
mathematical analyses discussed above that gullies will nct develo?, 
or that if they do develop, they will not lead to unacceptable 
consequences. The reasoil for avoiding s3ch erosiop b z s e  1 ~ ; ~ 1  
features, if possible, is that they will inevitably involve additior.al 
cost, and certainly a cost in excess of the cost o f  detailed 
geomorpholcyical and engineering studies. For one UMTRA Project site 
for which such features have been considered, the potential additional 
c o s t  i s  S150,OciO. 

There are a number o f  variations or details in erosion control 
features. The most critical design detail is the perimeter crest 
a r r a n g m e n t .  This is the final erosion base level control feature for -  
the pile topslope. In general, i t  may be argued that no gully will 
develop o r  extend belcw thz horizontal line established by the c r e s t  
elevation of the perineter dike rock. If the horizontal line 
intersects the radon/infiltration barrier within a distance f roz  thc- 
cell crest that provides sufficient runoff for gully formation, then 
the designer should consider the likely affect of flow fro3 such a 
gully. Water from the gully may be anticipated t o  spread out from the 
gully and flow as "concentrated" sheet flow over the crest and hecce 
the pile sideslopes. The size o f  the erosion control rock on the 
sideslope should be adequate t o  prevent erosion by the concentrated 
sheet f 1 ow, _IfI._roc k s o f  .adequate -si.ze-a re  -.no tLre a s ona bl-y .a v a i l 2  d e ,  
the designer s$ould consider either raising the elevation of the crest 
dike in order to create i greater spreading distdnce, or includir; 
intermediate erosion base level dikes in the topslope details. Tt-,c 
spacing o f  intermediate dikes may be conservatively estirrated by 
assuming that the toe o f  successive upgradient dikes should be a t  the 

spacing m y  be increased if the approach r e c o m e n d e d  by Heede (1976)  
is used. Heede's approach incorporates the field observation that ?h? 

sape elevation as tho crest of the preceeding downgradient dike. 1k.c . .  

..... . . - t. . i 
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FIGURE 10.1 
COVER DESIGN CONCEPTS FOR PREVEHTION OF GULLIES 
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FIGURE lG.2 
COVER WITH INCLINED DRAINAGE LAYERS AND FLAT TO? 
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s l o p e  of t h e  g u l l y  i n f i l l i n g  behind  a g u l l y - c o r !  r o l  d i k e  is r,r: 
h c r i z o n t a l  bu t  i n c l  i n e a .  The i n c l i n a t i o n  i s  a f u n c t i o n  i.' 
s i t e - s p e c i f i c  f a c t o r s ,  bst on averacje appea r s  t o  be about  f ; i : , .  
p e r c e n t  o f  the  p r e - g u l l y  s l o p e  s u r i a c s .  

10.4 BIOINTRUS!O!i 

I n  d e s i g n i n g  a s o i l  c o v e r ,  t h a  p o t e n t i a l  f o r  b i o i n t r u s i o n  m s t  t; 
c o n s i d e r e d  ( s e e  F i g u r e  1 3 . 3 ) .  Table  10.1 t a b u l a t e s  t h e  f a c t c t - 5  
i p v o l v e d  i n  t h e  e v a l u a t i o n  o f  c o v e r  comgonents f o r  b i o i E t r u s i c r  
c o n t r o l .  

A b u r i e d  l a y e r  o f  d r y  c o b b l e s  (one  o r  more i n c h e s  i n  d i a z E t e : - )  
h;s been shown t o  r educe  r o o t  p e n e t r a t i o n  and o t h f r  forT5 :f 
b ' o i n t r u s i o n  i n t o  i f i t e r r e d  was te  (Hakonson, 1036; C l i n e  e t  a i . .  
1983). The p r i n c i p a l  f a c t o r s  t h a t  'mpede r o o t  p e n e t r a t  ic!) ar? ? '  ... 
l a c k  of  c a p i l l a r y  p o r e s  and the p resence  of i n t e r s t i t i a l  a i r -  S;;:.L-:. 
The c o b b l e s  r a y  be c o n s i d e r e d  a c a p i l l a r y  b r e a k .  Dowivzrd e x : e n j l c * .  

. .- @ f  m o t s  c c c u r s  c n l y  where s o i l  f i n e s  have f i l t e r e d  i n t o  i n t e r s t i c e s .  
I: i s  i n p o r t a c t  t o  Keep s @ i l  ou t  of t h e  b i o b a r r i s r  t J  EnstJr-e i ' ;  < :  

l o n g - t e m  r e s i s t a n c e  t o  root  p e n e t r a t i o n .  I t  i s  a l s o  i a 2 a r t a r t  t 
keep t h e  v o i d s  f r e e  o f  watsr. T h e r e f o r e ,  b i o b a r r i o r  desicjns f c ! -  !kc. 
UMTKA V r o j e c t  s h c c i d  have choked rock  a long  t h e  t o p  s l ; r f i c e  t c  r.-.-.>: 
s o i l  ! n f i l t r a t i o ! - t ,  and should  h a v e  a h i g h - p e r m e a S i l i t y  d r a i n  a1or.g tt,:.. 
b c t t m  t o  a s s u r e  r a p . 3  mcvernent of wa te r  o u t  o f  t h e  b a r r i e r .  C, d ! -a in  
l a y e r  may n o t  be n e c e s s a r y  i f  t h e  b i o b a r r i e r  i s  on a s l o w  s t ? e r .  
enough t h a t  w a t e r  w i l l  q u i c k l y  move o f f  t h e  s u r f a c e  of  t h e  ur2Ev1,lr:; 
rador,  ba r r  i e r . 

Pre l  i n i n a r y  c c v e r  d e s i g n s  f o r  proposed w a s t r -  i s o l  a t  i c n  ce :  1 E a: 
Los Alamos N a t i o c a l  Labora t c ry  and t h e  Hanford R e s e r v a t i o n  ( s e e  
SeCtiGn 11 .0)  i n c o r p o r a t e  c o b b l e  b i o b a r r i e r s  of a rceter o r  m ! - c  i :  
t h i c k n e s s .  T h i s  t n i c k n e s s  i s  g r e a t e r  t han  should  be n e c e s s a r y  for- tt;? 
UMThA P r o j e c t  because  uraniunr m i l l  t a i l i n g s  a r e  l e s s  haza rdous  t t .27;  
t h e  w a s t e s  a t  t h e s e  f a c i l i t i e s  and,  r e l a t i v e  t o  the Hdnford p r o a r a -  
(wit.h a 10,000 y e a r  performanc'e r e q u i r e n e n t ) ,  t h e  UYTRA P r o j e t ? ' :  
d e s i g n  l i f e  i s  l e s s .  The DOE'S p o s i t i o n  on b i o i n t r u s i o n  i s  t h a t  a 
b i o b a r r i e r  t h i c k n e s s  o f  g r e a t e r  than  one f o o t  i s  u n n e c e s s a r ,  i n i  
i m p r a c t i c a l  o v e r  t h e  l a r g e  s u r f a c e  a r e a s  o f  s t a b i l i z e d  U!?ITRA Projcc! 
p i l e s .  I n s t e a d  o f  p roduc ing  a t h i c k  b i o b a r r i e r ,  t h 2  Ut4TRA P r o j e c t ' :  
approach  w i l l  be t o  c o n s t r u c t  an e f f i c i e n t  l a y e r  i n  which i n t e r s t i c c : r  
reDain  f r e e  o f  5 o i l  and water, and any g i v e n  r o o t  w i l l  b e  cbstru;':.C-:: 

. . . .. . ... .. - - . . 

by .~ a t  1 e a s t  . two v;rics ------ betw$En . t h e  o v e r l y l n g  -. s9.i-I __ar,d -undzr?..y i.nc; __I 

w z s t e .  Rwks i n  t h e  b a r r i e r  w i l l  have 2 rninimm d i a r i o t e r  of one ir.c" 
an.? a K i x i m u - a  d i a m e t e r  of l e s s  thd't o n e - h a l f  the  t o t a l  1 a j c r  
t h i c k n e s s .  

~ - S . z - - - -  _ _ - ~  
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Table 10.1 Characteristics related to the likelihcod of bioinirL:iGz 
in a ztabilized pile with a vegetative cover 

- 

Element Higher risk conditions Lower risk condi:i::.i 

Eicta o Large trees witn deep r o o t s  o Predor?inantly grzzzy v q e t i r : ; ; '  
(e.g., phreatophytes) i r l  vicinity 

o Long growing season o Little or no tcpscil 11: re?;:- 

o Humic to s y b h m i s  ciiri:e c Shcr: growin; ; c z c c  

T-.;.; - e  1 o Not under'air, b j  a c. Underlain b, t,i;ir.:ru::. 
bioi ntrusion barri era barriera 

3 Less than optimal thickness o Optjzsl thicknec,s f c t -  - : ; : i ~ ~ . c  
as predicted by water retent ion 
balance nodel s 

o Poor moisture and nutrient o Favorable n , o i s ? u r p  an3 c::v-*f .c* - .  
relation; (tscr auch sand relations (loa-, .,.,:I; 
o r  clzy) 

. Biointrusion o Absent 
tsrrier (choked 
rcck cap and o Not  properly drained b j  o Well drained wjth adcq,ilr, 
r , - * * r l y  r - -  g;aded cooductiLe and restrictive choked rock des isFl 
c m b 1  es) 1 ayers 

o Pocr choked rock design 

o Rock size (and pore size) o Rock size of ? ~ g  i n c h e s  
too-sral? t o  allow ade-qlatc- o r  l a .~5c . r  ____ 
void sir space ______.~ 

3 Layer too thir (fewer than o H i g h  quality rock ~ 1 : ~  

two interstitial voids a l o n g  low percentage of aS;c.ct:z*:l 
the path o f  a given root) 
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Ta5le 10.1 Characteristics related to the likelihood of biointrusicz 
in a statilized pile with a vegetative cover (Concluded) 

~ -- 

Higher risk conditions Lower risk conditions 

-- !I 
3 .  Ccnductive 3 Low permeability 

(drain) layer 
' , z i s 3  called 
f i 1 ter bedding) 

o High permeability 

F,s s t ri ct i V E  o High permeability o Low permeabil i ty 
layer :e.q., 
Ci aynax 3 r . t  ' o Susceptible to freeze ... aw o Insulated f r m  or resf5 ar.! :; 
o r  radon action or cracking freeze thaw action 0;' 3 I h s i '  

we at he r i n:! . . .. . ... . 2 b- t j e r . 
-1. . .. _ _ _  ~ ~ - . .. 

"533ir,trusion barrier Katerial should have minimum grair size 
- r  : h a y  !5 petcr-:,i passing t ! O  s!ere. to result in capillarj 
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11.0 OTHER D E S I S J  APPROACHES 

11.1 LOW-LEVEL RADIOACTIVE FACILITY COVERS 

Figure 1 1 . 1  sh3ws the cover proposed for a commercial low-level 
radioactive waste disposal facility ir! biashington. The similarities 
b e t w w n  ttlis cnver and tho Tu!! c c z p s c e ~ !  Checklist C o v e r  ;!-? 
immediately apparent. The cover will be placed over a series of 
trenches to form what is in essence a corrugated cover. It has bzen 
said that the similtrity between ttle ideas proposed fot- the low-leiel 
fccility and t k e  fill1 component 2YTP.A Project cover represents a n  
interesting example o f  par3llel evolution o f  designs to meet siri?zr 
objecti v ~ s .  

Figure 1 1  2 shows the cover- being considered for reeediation o f  
an inactive uranium rill tailings pile in Spain. ?he clirate of th!? 
area is arid; about 1 1  inches of precip:!ation fall per year duri16;  
the three winter months, and for the remainder of the year i t  is d r y .  
Computer modeling o f  a cover, consistin: only o f  a radon/infiltratic!: 
barrier, filter, and rock, indicates significant drying of t h e  
infiltration barrier. Because o f  the known conservat i s r :  of t n c  
computer code in predicting evaporation, the designers are concerned 
about desiccation of the infiltration barrier and possible drying a r 3  
cracking of the soil. In order t o  preclude such drying and crack1r.g 
they are considering placing an upper layer of random soii to locatc 
the infiltration barrier below the depth of significant dryir:. 
Hence, the layer o f  soil over the radon/infiltration barrier, which O K  
the UMTRA Project is placed to protect the infiltraticn barrier ft-ijz 
freezing and thawing, would be used to protect the infiltration 
bairier fro3 desiccation cracking. 

11.3 THE LCS ALAMGS CCVER 

I .  

Figure 11.3 shows the cover recently proposed by Loz Alaao; 
National Laboratory to cover trenches containing low-level nuclear and 
hazardous wastes. A typical trench is 50 feet wid2 and hurldreds o f  
feet long. Erosion control on the top is achieved by using a gravt.1 
m u l c h - - a  single layer of stones to absorb the impact of raind:xps. 
encourage the germination of preierrEd grasses and 3lant species, and . 
discourage weed growth. Infiltration control is achieved b; . 

evapotransoiration and the capillary break effect: the designe:-s 

evapo?ran;piration. The capillary barrier effect occurs because the 
sloping interfac? b e ? w e n  soil and gravel tends to drain the wa+.i~- 
down the slope and off the sides of the trench. 

est.imate.. ?hat.- 93-.perr,~nt_ . 0f-a .L ... .precipitation- is.- el ir.inated----b+- _- 

. 
. a  1: . 4  COVER DES,::/ FOR T M M S U R A N I C  WASTE AT THE HAFIFORD RESERVATION 

The "Barriers Program" ( A d a m  and Wirig, 1487) is underway orl the 
Hanford Re5ervzticn trJ develop covers for radiozctive waste t h a t  is tc 
be s?aSiliz?d i n  sit.ti. Included ir! this waste are tranzuranic 
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r a d i o n u c l i d e s  w i t h  l ong  h a l f - l i v e s ;  t h u s  the  d e s i g n  f o r  ths CC;E.I- 
sys t em i s  c o n s i d e r e d  t o  be 10,000 y e a r s .  The c o v e r  i s  t h e r e i c r - r  
i n t e n d e d  t o  r e s p c n d  t o  c ' i r c a t i c  change .  i n c l u d i n g  doubl in ;  c.: :!.- 
a v e r a g e  annual  p r e c i p i t a t i o n ,  iJi t h o u t  any d e c r e a s e  i n  pe r fo r r .2n -e .  
Fisure 1 1 . 4  i l l u s t r a t e s  t h e  c u r r e n t l y  propose!! c o v s r  s y s t e z  f2r  t;.c 
Hanford B a r r i e r s  Prcjgraln, which i s  s i m i l c r  i n  sequence ,  though n o t  i:. 
p r o p o r t i o n ,  t o  t h e  C h e c k l i s t  Cover proposed f o r  many UMTRA Fro.jerr  
p i l e s .  

I 
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12.9 COVER PERFORMANCE EVALUATIONS 

1 2 .  I. GTNERAL 

1 2 . 2  

A s  is noted in Section 4.1, the cover c f  a cell must protect tne  
cell contents fro? erosion and misuse, must require rnicizr 
~~inten;n:z,  ixst : z j t  for 5 v2r-y long tiw, acid, i i iubt  in!yortantiy 
from the perspective o f  the EPA groundwater protection standards, must 
limit o r  control infiltration to and seepage from the pile. Table 
12.1 shows how each o f  these and other design objectives are achievsd 
by the various c m p o n e n t s  of the three specific cover types; i.e., the 
Standard Cover, t h e  D w b l e  Grain Cover, and the Full C m p o n e n r  C O V Z I - .  
gecausc! tho proposed EPA groundwater protection standards have had 
little, if any, a f f z c t  on the cijver’s role ir! reducing radcn f l u x ,  
th i s per:ormance aspe: t o f  the cover is no! discussed fu r !  her her-e. 
The perforaance o f  r3ck in control ling erosion also n$)t bc.-r! 
affected by the proposed standards and the role of vegetaiicn in 
controlling erosion is ccjnsidered in an earlier section; the ideas ,ire 
not repeated here. Accordingly, this section concentrates on 
assessment o f  the infiltration performance o f  covers and perirwter 
dikes. In this section, only the general aspects of infiltration 
perfornance asi?ssment are discussed. In practice, the X E  does ct- 
will cozpile a performance assessment for each rit.e to quanti<$ t’.‘? 
likely infiltration through the prc?osed cover, and this ajse5j;i-n: 
will be dccumented in the site remedial action plans. 

THE S T K % D A X I  COVER 

A s  described in detail in the discussion o f  the special study or1 
the monitoring of actual radon barrier moisturi! contents in the pile 
at, Shiprock, the field and laboratory data indicate that the operstive 
unsaturat d hydradlic conductivity of th2 radon/infiltration barrier 
is ~ x I O - ~  cn/s or less. Accordingly, i t  was concluded in the 
special study that it is reasonable to expect qualitatively t h a ?  
typical UMTRA covers should function sirnil3rly in similar clir?atic 
mvir0nment.s. Ey this argusent radon barriers in typical covers at 
sites having clinates s milar to Shiprock and Clive should operate in 
an unsaturated state. It is feasible to us2 rPcr,r.ded in2izture 
content; at Shiprock f o r  modeling long-term moisture contents ir: radon 
barriers at other l jMTEA s tes. 

The technical appr6ar.h to the desigr! of a standard cover iccluces 
an evaluation of it; erosion stability, radon flux reduction, and 
watEr flux contrql. The first two are standard, and are n.~! discussed 
further nere. T h e  ttchnical approsch t o  the evalcaticn of water f l g x  
is as follows. 

First, the desicjner n w s t  obtain information about the soil to be 
used to constrfict the infiltrzticn bzrrier. This includes dz?a a h ! t  
soil gradation, index properties, coopaction characteristics. and tt.c 
hydraulic conductivity. The satsrated and unsaturated hydraQiic 
conductivity of thc soil m s t  be charac?erized. The relatior,sh;; 
b e t w e n  the soil moisture ccnten? (degree of saturation) and partially 

- 6 7 -  
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Table  1 2 . 1  Cover d e s i g n  o b j e c t i v e s  

- 
--_ lies i q n o b.i ec  t 1 ve s 

Cover t y p e  E ro s i ona Fros?  Rador, L i r i t  
c o n t r o l  p r o t e c t i o n  c o n t r o l  i n f i l t r a ! ! c n  

- 

Standa rd  
Cover 

Finck A t  l e a s t  one Radon b a r r i e r  Clay  l a y e r  : E ~ . J E Z  
1 a y e r  f o o t  o f  radon 1 a y e r  a s  i n f  i 1 t r a :  io:: 

r e s i s t s  b a r r i e r  p l aced  b a t - f i i l '  
PMP f low below f r o s t  

d e p t h  L a t e r a l  s k x ? z : i ! . ;  
t h r o u c h  t h e  per--,sa:?c 

d r i  1 n 

Rock l a y z r  Randm s o i :  Eadon b a r r i e r  Clay  l a y e r  S S I - . ~ ~  
1 a y e r  1 a v e r  1 a y e r  a s  i r t f i i t r= :1 : : ,   pi!.!..^^. 

r e s i s t s  
PMP f l o w  L a t e r a l  shed~!nl::  tt:t.;b:!. 

the  DerTca t l c  c f - i i c i  

F l a t  t o p s l o p e s  I n f i l t r a t i o n  Radon b a r r i e r  Evapot ran ;5 i ra !  i c c  
S o i l / u e g e t a t i o n  b a r r i e r  p l a c e d  1 a y e r  by p l a n t :  
P e r i r r e t e r  d i k e  below f r o s t  

d e p t h  C a p i l l a r y  t a r r i e r  tffr:.: 
of  t h e  f i l tere-cf  r2:r. 

3-11; F:.. - - Probab le  Maximun P r e c i p i t a t i c g  
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saturat 
direct 
between 
direct 
cannot 
conduct 
compact 
during 

d hydraulic conductivity should be obtained, preferat?, :., 
measurement; curve fitting techfiiques based on the relationsn:. 
the soil sQction and degree o f  saturation may be u c c 3  ! i  

measurement o f  the partially saturated hydraulic conauctl:.i::; 
feasibly be undertaken. A i l  testing of the t?y<r;;!:: 

vity the infiltration barrier soil milst be dcne on s a ~ . ; . i ~ j  
d t o  densities representative of those that will be achi5.c: 
ield construction. 

of 

only data about the in situ mo 
barrier is the infornation from 
indicate that the infiltration barr 
to its placement rioisture conten 
direct meascreTents have been taken. 

If the climate of a site is 

The second major step in the design an3 p2rformance assessrent o f  
an barrier is the determination of the range and averas? 
moisture content o f  the infiltration barrier soil. Currectly. thz 

sture content of the infiltraticn 
the Shiprock tests. T h e s e  d z t a  
er misttire content i s  at Gr c1c.c.r- 
;: those parts o f  t h e  gilt h ' i Z I - 2  

infiltration 

similar to that at Shiprock. i t  i :  
possible- t o  extrapolate directly from the data fo r  the S k l i F r o c k  ;.iir 
t o  the pile for which it is necessary to establish the rnoistl;re 
conter: o f  the infiltration barrier. A s  an average, if tke anr,:sI 
avers;? precipitation i s  within about three inches of t h a t  at Shi:rc',h 
and the pattern of precipitation is similar, then direct extrapolaticr: 
i s reasonable. 

. -  . . 

Calculation o f  the water flux through an unsaturated cover is, i c  
theory, very simple. The flux through the cover is the prodllct of the 
unsaturated hydraulic conductivity at the ambient roisture c5r:r.r: 
and, where applicable, a unit gradient. To evaluate the ispict c f  
such factors on the varying availability of water ( d u e  to tC:e 
nonuniforrnity of precipitation, runoff times, the effect o f  
evaporation, and pile geometry), the designer may use ccrrputer cof?: 
such as SPLSHYTRE cr UNSATV (Gee, 1987). The boundary conditions 
required t o  use these computer codes may be obtained fro- dits 
measured at Shiprock o r  other applicable site test covers. 

Partial saturation reduces (or possibly elircinates) ths 
susceptibility o f  a soil to d x i a y  by freezing arid thawifirj. F G r  
conservatisv, at least one conoacted layer ana preferably one foot o f  
the infiltration barrier should be beneath the predictst 203-jezr 
recurrence interval r,f frost 2enetration depth. Eecaujt. tF.4 
radon,'infiltration barrier above the lower focit could be e f f e c ? e t  t-, 

s 1: 5:  1 ? 
evaluate the potential irpact of frost-daTaged soil UT; igfiltraticc 
ard radon emanation. Tests cjf the s o i l ' s  re;pon:e to freezin? s r -1  
tnauins and its subsequent hydraul ic ccnductivity and r a i s r ,  
attenuation will be required in critical cases to obtain da!c !G 
support sensitivity analyses. 

~ ~ f-reez i ng- t haw i ng :--- the de s i gn ' . perf c r m  nc, e as se s mer, t 
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Observations of vegetation at the periphery of the topslope ana 
on the sideslopes suggest that the radon barrier moisture content i s  
highly variable at the creast of the pile and that severe 31- 
prolonged moisture depletion is not occurring in the surficial 
layers. Accordingly, in assessing tho performance of  a proposed 
standard cover the designer should take into account the nezd to 
provide conditions that minimize the potential for the presence of 
water rctenticn i n  th2 f i l t e r  drain lsyer, hence seed germillat iuri, and 
potentially development of saturated conditions in the infiltration 
barrier. A high permeability drain is probably the most effective w3y 
to shed precipitation rapidly from the pile, and prevent a buildcp cf 
water that will support plants and result in saturation of the 
infiltration barrier. 

12.3 THE @CLBLE C K I H  COVE2 

lhc. essential feature of the Double Drain Cover, and the extept 
? o  which it differs from the Standard Cover, i s  that i t  incorporates a 
layer of random soil and ar, associated underlying drain. lhe drain is 
placed beneath the layer of random soil ir! order to shed water and to 
prevent the buildup of an hydraulic head over the infiltration 
barrier. The random soil is made thick enough to place tne 
radon/infiltration barrier beneath the predicted depth o f  frost 
penetration. In the context o f  the Uf4TRA Project, protection o f  t h ?  
infiltration barrier from damage by frost is the prime function o f  the 
layer of random soil. 

As discussed previously, a layer of random soil is undet- 
consideration for the pile in Spain, but there the purpose would be to 
protect the infiltration barrier from the effects of excessi;.? 
drying. A s  is true for the Standard Cover, the Double Drain Cover i s  
su,sceptible to plant growth, and the performance assessments 
recommended for the Standard Cover should be undertaken for this 
cover. The zime of random soil will serve as a growth mediun; for 
deep-rooting plants. Damage t o  the rador! barrier will occur onl:i i f  
the roots extend beneath the random soil into the moist, clay-rich 
soil of the radon barrier. A loose cobble biointrusion layer p l a c x  
between the random fill and the radon barrier is one way t o  protect 
the radcn barrier from root damage. 

It is unlikply that the infiltration barrier of this cover wili 
be unsaturated cecause the randcm soil will act as a spon;r- 
continually dripping water into the underlying drain; therefore. i n  
calculating the water flux through the cover, it kill be necessarj tc 

i a s s m e  saturated conditions in the infiltration barrier. The 
saturated hydraulic conductivity of the soil o f  the infiltration 
barrier govern: infiltration. 

-70-  

I 



I 
. .  

o E v a p o t r a n s p i , - a t i o n  c f  p r e c i p i t a t i o n  by thc !  p l a n t s  and the s o i l  

o T h e  c a p i l l a r y  Ldrrizr e f f e c t  o f  t h e  f i l t e r e d  o r . c h o k e d  r o c k  becea:tl  
t h e  s o i l ,  which impedes d r a i n a g e  from t h e  s a i l  and h o l d s  t h e  witi;!. 
u n t i l  i t  i s  e v a p o t r a n s p i r e d .  

o IT,?eded f low t h r o u g h  ? > E  low p e m e a b i ! i ? y  i n f i l  t r a t  icn b a r r i t t -  a:::! 
t h e  rz.:oz t a r r i e r .  

The exten! 
s i t e  d e ~ e ~ s s  or: 
s c i l s  an? v q e t a  
arid uqder- lyin? 
~ ~ n : i ; c :  : . i t ?  gf 
7 n f 1 1 t 1-5 t i on t.3 I- I- 

Nunet-icj1 01- c~- 'p: ; :c t -  CC'<E:. 2nd r ~ z r , !  J t t : z t  u ~ c : ;  *..- 
ara.l:;zc and cuar,!ifj. t h e  pecfc!-cznce o f  t h i s  t y p e  o f  C O Y O I -  l r . . ~ ! ~ . : .  
H E L P  and C R E L t 4 Z .  I n  ge2eI-a ' .  w f  Kay c o n c l u d e  on t h e  b a s i s  of' l c !? ic  
a :one t b 3 t .  i f  t h e  hjrjt-au:ic c o n d u c t i v i t y  c f  t h z  i n f i l t r a ! i o q  kz!-v!::b. 
i s  a b o u t  l x l c - 9  c r , ' s  ( i . e . ,  i t  i n c o r p o r a t e s  a C L A W A X  l aye r - j .  ti:<:-; 
t h e  e f f e c t i v e  ne t  i n f i l t r a t i o n  o r  w a t e r  f l u x  t h r o u g h  t h e  CO: '~ .? .  l 2  

l i k e l y  t o  be no g r e a t e r  than  lxIO-' C K , / S .  T h i s  i s  because  t h c  L O ? :  
an6 v e g e t a t i c n  w i l l ,  under  no rxa l  c l i c i t i c  c o n d i t i o n s ,  evapot-atc- av,d 
t r a n s p i r e  t h e  p r e c i p i t a t i c n .  an3 on ly  a t  i r r e g u l a r  inter,:a!r ;.:1! 
w a t e r  b r e a 4  thfo:i?h t h ?  scil t o  f low tht-oush t h e  d r a i n  an!: pgterlt:a!!:. 
seep t h r o u g h  t h e  i n f i l t r a t i o n  b a r r i e r .  A w e l l - d e s i g n e d  s o i !  c 3 ; r . ' -  
w i l l  l i a i t  t t e  freq:;?ncy of  ? , a t e r  S r e a h t h r o q l :  t o  aSoL:! once  i p  f i:.c 
y e a r s .  I Q  a d d i t i 3 n ,  t h e  dra'r, of a w e l l - d e s i g n e d  C Q V E I -  w i l l  k85 
s u f f i c i e n t l y  p e r r ? a S l e  t c  s h t ?  any w a t e r  t h a ?  d?es bre;rk thr@irgi4 o f ;  
the  p i l e  ir: a fex  da!s. F c c o r d i r g l g .  the p o t e n ' i a l  f o r  s a t u r a t e d  flc, . . ;  
t h r o t i c h  the  low p e r c e a b i l i : ?  i n f i i t r a : i o n  bar-riet- i s  1s:-r. 2 r . f  
c e r t a i n l y  sa:ura!ed f l o h  c o n d i t i c n s  w i l l  occut- f o r  l e s s  t!-;d:: 3t05  d c , . :  
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13.0 TRAfiSIENT 9RAINAGE 

13 .1  GENERSL 

Irrnedihbely after construction of the disposal cell, the tai 1 inas 
and other contaminated materials may be wetter than they will be i v  
the fgture. Uith time, the excess moisture initially in th2 tailin;:. 
and contaminated materials will drain and the long-term or equilibriu:: 
moistcre conditions will be established. The equilibrium moist?rt-e 
content may be less than the initial moisture content. 7he period 
between the completion of construction and the establishment o f  
equilibrium moisture content and seepage conditions is considered to 
be the period o f  transient drainage. 

I f  the disposal cell is remediated iii such a way that the 
tailings are at thcir Inxj-term moisture conten? at tile end of 
construction, then there will be effectively no period of transient 

construction than they will be in the future, the length of tb:, pel-icd 
o f  transient drainage will depend on the seepage rd e from t n e  
disposal cell. In high-permeability, sandy tailings, thi perio:! C C  
transient drainage may be snort because the seepage rate is 9igh. I!? 
very :GW permezbility tailings, the period of transient drainage mag 
continue for many years. 

Ihe seepage rate from the disposal cell during the period c f  
transient drainage Fay exceed that which will occur under steady jtate 
conditions. If the transient seepage rate does not cause an 
exceedance of M C L s ,  or the applicable site groundwater protection 
standards at the point of compliance o f  the facility, the steady state 
o y  equilibriun conditions govern the choice of the disposal cell 
groundwater comclianre strategy. If the transient seepage rate could 
cause an exceedance of M C L s ,  or applicable standards, appropriate 
technical approaches o r  growtdwatzr compliance strategies must be 
adopted; for example, it may be necessary to dry the tailings te!or? 
cotrlpletion o f  the disposal cell, or a case for A C L s  for transient 
drainage This -section describes these an3 
other possible technical approaches and groundwater cospiiancc 
strategies to address transient seepage that could potentially cause 
an exceedance r,f MCL; or the applicable s i t 2  grcundcater protectic? 
standards. 

__ _. __ __. . . drainage at the site. If the tailings are wetter immediately after .. 

may have to be established. 

13.2 REASOIiS FOR IKITIAL EXCESS MOISTURE It4 P I L E S  

The initial nioisture content of the tailings in an unreaediated 
pile or a constructed dispcsal cell may be greater than t k e i r  
long-term moisture content for any of these reasons: 

o Unrelocated tailings Senerally have a higher moisture content n6.S; 
than they will have in the future aftrr pile remediatiar,. Tne 
current high moisture content o f  unrelocated tailings i) uscally a 
result o f  hydrz:J? ic placement and subsequent uncontrcl1.3 

' 
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infiltraticn. The long-term moisture conteqt will be less thari'it 
is currently becaese gravity-induced drainage will occur, and the 
limited infiltration resulting from the low permeability cover- hill 
keep the tailings dryer than they would be in the aSser;:e c,f a 
cover. 

o When tailings are relocated, water i s  sprayed on them i n  order to 
control dust. Dust Rust be controlled to comply with state a i r  
quality standards and to protect the health o f  workers. The water 
sprayed on the tailings either evaporates o r  seeps into and thrcligh 
the tailings. In dry environments, the evaporation may be high 
enough to remove all sprayed water. In cooler climates, or if too 
much water is sprayed G n  the tailings, seepage to the groundxater 
could occur. 

o Relocated tailings must be compacted. Uncompacted 01. 
insufficient y compacted tailings may eventually settle and caase 
the di;posa cell cover to crack. To achieve specified densities, 
the moistur content of the tailings has t 3  be within a few percent 
o f  the optimum moisture content. If the tzilings are too wet 
before relocation, they must be dried prior to placemevt. I f  they 
sre too dry before relocation, water must be added to achieve 
propzr conpaction. The moisture contents at which accep:able 
conipacted densities are achieved may--be greater than the long-tern; 
equilibrium moisture content, and the excess moisture will seep  
from the disposal cell until equilibrium is established. 

ld.3 A DETAILED EXPLANATION OF TRANSIENT DRAINAGE 

Once the cover is p l a w d  on the disposal cell (containing either 
o r  both in-place o r  relocated tailings and contaminated material) the 
coyer and materials in tho cell will act as a system. Infiltratizn 
t h o u g h  th? cover, flow through the tailings, and seepage from the 
base of the disposal cell will occur as shown in Figure 13.1. 

Gravity-induced drainage will cause water to drain f r m  the 
tailings. If the infiltratim through the cDver were zero, the 
tailings would equilibrate s? a noisture content at which no more 
gravity-induced drainage could occur. In the proposed EPA grounduz?er 
protection standards, the term u s a ~  fcr the long-term moisture content 
i s  "-specific retention." The specific r?tention o f  the tailings is a 
measure o f  th2 water-retaining capacity of, the tailings, or the water 
that will 52 retaineu in the voids of t h e  tailings agair,st the force 
o.f__gra!~-i_t~._.._t.he -spec i f  i-c ..retentjon-tnay-be-de-f-Cned- quant i t a t i ~el+-as 
thz e q u i l i b r i m  grzvimetric water content; i.e., the mass of water as 
a percentage o f  the mass of sclids o f  the tailing; after 
gravity-induced drainage. (Theoretically, gravity-induced draina;e 
will Lontinue asyrntotically to a zero mcisture content. Fcr practirai 
purposes, an approach similar to that adopteo for settlement i n  
geotechnical engineering, i.e., the 90 percent consolidation point. 
may be used.) Ir! practice, it is not possible to rlace a cover that 

through the cover. 

T _~ 

results in z e r o .  infiltration. There is inevitably a water flux . . .  
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SeepaSe th rouck  t b t p  c ~ l v e r  w i l l  c o n t i n s e  op. t h rough  tk.r t a i l ! - : ! ,  
I n  o r d e r  t a  m a i n t a i n  c o n t i n s i t r .  f o r  s t e a d y  s t a t e  c o n d i t i c n s  trc- r 

r r  . .  
" . .  
. .  

t r  

The water seepin ;  f r o r ,  u f i r e loca ted  o r  r e 1 o c a t e . j  t a i l  ic; \  cd!-ir::  
the  p e r i e d  of t r a n s i e ? !  d r a i n a S e  a q d  p r i o r  t o  t h e  e : t a b l i s r - c r '  c.; 
e q u i l i b r i u i n  c r  s t e a c ,  s t a t e  c o n d i t i o n s  cou ld  r e s s i t  i r ,  an e x ~ e c : ~ . . : . :  
c f  t h e  propcserj  EPA g r o Q n d d a t e r  p r o t e c t i o n  s t a r 8 4 a r r f s .  The rc*-c:r::r- 
of,  t h i s  :.;:tion d e s c r i b e s  t h e  t e c h n i c a l  approa:hcs ar,d grcur.<r.c:..- 
compl iance  s t r a t e g i e s  t h a t  t h e  DClE a p 9 l i e s  i n  order  ? o  b a l z * r . : -  ":- 
demands o f  s a f e  c o n s t r c c t i o n  ;.rd g r m n a h a t c r  p r o t e c t i o n .  

1 3 . 4  A t i A L Y S I S  QF Tf?AI :S IEt i f  DF1AIt:C.CE 

1 3 . 4 . 1  S t a b i l i z a t i o n  i n  Dl;ce 

I f  t h e  ? a i ! i n g s  w i l l  be s t a b i l i z e d  i n  p l a c e .  t h e  a r , a l , , : i s  
of t r a n s i e n t  draincgr)  s t a r t s  w i t n  a d e t e r m i n a t i o n  f - f  tr.? 
c u r r z n t  i n  s i t u  m o i s t u r e  c o n t e n t  of t h e  t a i l i n g s .  t iex!.  i t  i s  
n e c e s s J t y  t o  e ; t a b l i s h  by  l a b o r a t o r y  t e s t i n ?  the r t . l i t : - . r : ;  * :  
between t h e  m o i s t u r e  c o n t e n ?  of t h e  t a i l i n : s  and t h e  partiall., 

-~  saturated h y d r a u l i c  c c n d u c t i v i t y .  The l o n g - t e r m  w i ~ : ~ . ~ : :  

content  or  s p e c i f i c  r e t e n t  ior, rust  be deter- : *  .-. . .  . 
Convent iona l  a n a l y s e s  o f  the s?ead: s t a t e  s eepage  thl-r  ...* ! *  I 

! 
c o v e r ,  t h e  t z i :  ir.:. . ! 

d i s p o s a l  c e l l  w i l l  be completed i n  o r d e r  t o  estab:i:!i 
n t  o f  the  m a t e r i a l s  11. 

y l i n e r s  o r  tt:e.:*' 

e q u i l  ibriurr, o r  l ong- t e rm m o i s t u r e  c o n t  
the  d i s p o s a l  c e l l  ( i n c i u d i n g  t h e  
ccn tamina ted  m a t e r i a l s ,  and possib 
e q u i v a l e n t s ) .  
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With the  above pa rame te r s  and o t h e r s  t h a t  pay be needo3 
for a p a r t i c u l a r  computer code ,  the  rate and t h e  p e r i o c  sf 
s t e a d y  s t a t e  d r a i n a s e  m y  be c a l c h l a t e d .  Conventiona: 
computer codes  such  a s  UNSRTZ, SUM, o r  SPLASHWTZ f 3 y  be 
c s e d .  6y e v a l u a t i n g  t he  impact o f  t h 2  t i - a c s i e n t  seepage  f r o ?  
t h e  base  of  t h e  d i s p o s a l  c e l l  c;n the  g r o u n d x a t e r  t e w a t t l  t h e  
s i t e ,  t h e  p o t e n t i a ?  f o r  exceed ing  the  MCLs may bs 
e s t a b l  i shed.  I f  the  t r a n s i e n t  seepage  r a t e  i: l i k e l y  t o  
c a u s e  an e x e e d m c e  of  the  M C L s  o r  t h e  a p p l i c a b l e  s i r e  
groundwater  p r o t e c t i o n  s t a n d a r d s  a t  the  p o i n t  o f  c o c p l i a n c c .  
i t  w i l l  be n e c e s s a r y  t o  adcp t  one o r  more o f  t h e  t e c k c i c a l  o r  
compl iance  s t r a t e g y  dpproaches  d i s c u s s e d  i n  S e c t i o n  1 3 . 5 .  

3 . 4 . 2  Reloca ted  t a i l i n c i s  

I f  t h e  t a i l i n g s  are r e l3ca te .d  ( b o t h  Tcr f . 1 ~  
s t a b i l i z a t i o n  i n  p l a c e  and on s i t e ) ,  K i t e r  raj. bc7 a i d e 2  t c  
c o n t r o l  d u s t  a n d  t o  achieve d e s i r e d  i n - p l a c e  d e n s i ? i e j .  
P r e c i p i t a t i o n  3 n  t h e  uncovered t a i l i n g s  L e f c r e  p l ice-en!  c: 
the c o v e r  niay i n c r e a s e  the placement r o i s t u r e  c o n t e n t  of thr. 
t a i l i n g s .  . .. ____ 

T a i l i n g s  must be coopac ted  t o  i r i c r ease  t h e i r  aefiLi;:f hk6-r. 

p laced  i n  the  d i s p o s a l  c c l : .  I f  t h s  t z i l i n ? :  a r e  tc.c :PC;C--.. 
; . e . ,  ? h e i r  d c - c - i t y  i s  t o o  low, they  cotlld undergo e i c c c s l i t  
s e t t l m e n t  a s  a r e s u l t  uf  t h c  s t r e s s  r e s u l t i n g  f r o ?  place-er.! 
of  sub:oquent ? 2 i l i n g s  and t h e  d i s p o s a l  c e i l  C O ; C I . .  
A 1  t e r n a t  i v e l y ,  l o o s e  t a i l  ings may Gndergo "hydrsdyfi;-ic 
c o n s o l i d a t i o n "  o r  c o l l a p s e  se t t l cmer l t  i f  t hey  a r e  wet a f t e r  
pl a c e w n  t . f i r e a l l y ,  l o o s e  t a i l i n g s  c a y  l i c u c f ,  i n  tk,c c ,er , :  
of  a s e v e r e  e a r t h q g a k e .  Excess s e t t l e T e n t  o r  l i q ~ e f a c t i o n  
cou ld  r e s u l t  i n  cove r  c r a c k i n g .  o r  o t h e r  u n a c c e p t a b l e  dlsp . : :? l  
c e l l  d i s t r e s s ,  d e t p r i o r a t i o n ,  or f a i l u r e .  

I n  o r d z r  t o  a c h i e v e  p rope r  c o n p a c t i o n  o f  t d i l i n g s .  t b ?  
m o i s t u r e  c o n t e n t  of  the  t a i l i n g s  w s t  be a t  o r  c l o s s  t c  t t a c  
optimum a o i s t u r e  c o n t e n t .  The opt imua r r o i s t u r ?  c o n t e n t  ~f E 
mter i31  i s  t h a t  m o i s t u r e  c o n t e n t  a t  w h i c h ,  f o r  d cji:e" 
ccmpact ive  e f f o r t .  t h e  maximun d e n s i t y  i s  i c h i e v e d .  T a i l  ir-9:. 
suc5  a s  s l ime5  nay be w e t t e r  i n  s i t u  t h a n  t h e i r  o:.tirlJ: 
m o i s t u r e  c o n t e n t  and t h e r e f o r e  w i l l  have t o  be d r i e c  prior t c  
placercent .  Sandy t a i l i n g ;  may be d r i e r  t han  t h e i r  c p t i w -  
placement m o i s t u r e  c o n t e n t ,  and i t  nzy be n e c e s s a r y  t d  it: 
wate r  t o  then; b e f 3 r e  cc? , - ac t ion .  

I 
B 

* -  I 

- __ __.___-__ 
Tai1in;s r a y  be compacted i n t o  p l a c e  d r y  or wet o f  ?F4e 

optimum m i s t u r e  conter?!t. P r a c t i c a l  c o n s t r u c t i o n  pl0ist:r.c 
cmter4!s m y  be h i g h e r  t h a n  t h e  l o n g - t e r m  e q u i l  ibriirin tr..ois:l;re 
c o n t e n t  3f t h e  t a i l i r i g s .  

-- --i 
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seeping f r m  t 
placed at as 
consistent with 
of the disposa 
obtained t o  ca 
tailings; 

In order to reduce the quantity of construction water 
e tailings, the tailings, when relocated, re 
dry a moisture content as i s  technica ly 

be 
t j*  

e 

attaining densities that Ensure the int?Gr 
facility. The fdliowifig test data shcLld  

culate possible transient seepage f roc  

o Cozpaction moisture dcnsity relaticnrhips. 

o The relationship b 2 t h ~ n  the moisture ccntent an? ?he 
partially saturated hydraulic conductivity. 

moisture content of the tailings. 
o The long-terK equi\ibriuTl or gravity-int2zced croinage 

0’ The collapse prjtential of tailings as functicn r,f 
placement density. 

At some sites it r a y  be pos:ible t o  limit the placereqt 
percent saturation o f  the tailifigs so that the unsaturate2 
hydraulic conductiv’tj is similar t o  that of t h e  cover; see  
Section 13.6 for a description of pcssible technical ani 
cor:pliaqce approaches. If ? h i s  is not  possible, traSsie”I. 
t d i l  ings drainage will be zcdeled tc determine what percerit 
saturation will allow coa9l iance with MtLs or’ apal icable 
groundwater protection standards. 

To assure that the required msisture content in tble 
contit-:natel r.atetial is achieved durin; construction. thrs 
placed tailings rrgst be monitor A .  Instri. :nts are available 
which can be ir,expensively nrtal led and khich pr0,;ii.r. 
instantanriotis determination o f  soil moisture. By monitoring 
instrurents installEd in the ailings pile as construction 
proceeds. the contractor can control m i s t u r e  added to 
specified tolerances. Direct m a s u r e r e n t  o f  water u:e? for- 
construction i s  cot appropriate because it is not possible to 
deterrrine how m c h  infiltrates and how much is lost to 
evaporation. 

It is possible that during construction of a d i s w s a l  
cell which inccr2orates relocated tailings the moisture 
cor,tent at the end o f  construction may, in spite o f  tt;? be:! 
efforts of all concerned. exceed the moisture contertt at which 
transient drainage will not cause an exceedance o f  MCl:  o r  
backgrounc. In such a case it nay be r m e s s a r y  to reevzluatr: 
the techoical solution and the groun4water corpl iance stratecj 
for the iacility. In practice, there is no difference LetwEcn 
such a situation and the situation o f  a pile stabilized in 
place that has an unacceptably high initial m i s t u r e  
content. According y, such situbtions may bo evaluated k r d  
dealt with according t o  the procedures described i n  thi: 
section f o r  piles stabi ized i n  pi6ce. 

, .  . .  
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13.5 TECHNICAL AND C92PLIANCE A?PROACHES FOR PILES STASILIZED Ill P L A C E  

At sites where the tailings are t o  be stabilized in place (and 
possibly also where excess water has been added during relocation). 
part o r  all o f  the tailings may be at moisture contects higher than 
the long-term equilibrium moistLre content. The excess moisture will 
drain the pile at a rare that may exceed the equiiibriua seepasc 
rste. I f  the transient se?page could lead to an excfedance c;f the 
groundwater protection stardards at the point o f  c o ~ p l  iance o f  thc 
facility, one o r  more of  the following technical apFrOaChGS ma! t c  
adopted ? o  reduce the rnoistu.-e content o f  the pile ana hence IS 
achieve MCLs or the appropriate site standards during the period of 
transient drainage: 

o Change the pile remedial action plan, and rslocato ttl? tailin;:. t:; 
another site. 

o Alter ?he in situ roisture content o f  the tzilin?s b y  artific!ail. 
induced drainage (usin3 well points, harizcn:.i! c!r6;r:. ct- 
electro-osmosis, for exarple). 

their lurg-terr €qui1 i5riuz conoitiorl. 

from 

o Pick u p  and dry the tailings t o  a moisture cc;n:ent ctcsistect h i t '  

K j  an a1ternati.de to or in addition to irplerrentin; 0r.e or r 2 t . e  
c f  the above technical approache:. the DCi ray Elect to adc:: c-6. c ;  
the followirlg grcundwater compliance strategies fgr tne ci:Dcsal c c l ;  
and the site: 

c) Treat a s  a surveillance and raintenance ic,slre; i.2.. arrrr!: jr 
transient x a t e r  quality tcj confirm the dissicatitn c f  ? J : E : :  

, constituents and the d e v e l o p e n ?  and persistence g f  i t ea? ,  s t a t 5  or. 
* equilitriun condi?iois. 

o Apply suppleren+.al standard:. where appropriate; i .E.. c ~ r ~ : : r ~ ? ~ a ! ~ ! -  

o Fp3ly for ACls f o r  the period o f  traqsien: drainage c f  ccp;truc:icn 

o Remediate contaFinant;, which seep in the transiect phase fr1:- tkse 

i s  Class ! 1 I .  

water aid water alreadj in the pile. 

disposal cell,, as part o f  aquifer restoratioc. 
. -  

o Defcr coe2liance wit!: the groundwater standards ur,:; I all tr-ar,;;c:lt 
- . rond.i-t..i(jns-i:a v~e-efirje-j,--.----.- - 

13.6 I0;iZTR'JC-i -311 WATER FOR RELCICATED TctiLl!;GS 

Control g f  dust while relocatin? tailings is.essentia1. gust rust 
be c m t r o l l e d  to corrply with air quality regulations and t o  protect 
worker healtk. Dust control is best achieved t y  spraying water o p t s  
working surfaces. The DOE intends t o  minimize t h e  spraying water tc 
the extent aznievable consistent with du:t ccrctrol. 
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I f  p o s s i b l e ,  non-squeous d u s t  s u p p r e s s a n t s  w i l l  be used.  
I n v e s t i g a t i o n s  of  t h e  po te r . t i a1  a p p l i c a b i l i t y  o f  commercial pro:(; !C 

w i l l  be  u n d e r t a h e n .  I n  g e n e r a l ,  such p r o d u c t s  a r e  Expensib, .  c t L  
l i m i t e d  e f f s c t r v e n e s s ,  arid may i n  t h e v s e l v z s  l e a d  t o  a d d i t ! c r ; l  
c o n t a m i n a t i c n .  

Des ign  and c o n s t r s c t  ion ne thods  and s p e c i f i c a t i o n s  tb.at 
d i s c o u r a g e  t h i s  use o f  excess  c o n s t r u c t i o n  water f o r  d u s t  c o n t r o l .  a r , t  
which are adop ted  as a p p r o p r i a t e  by the DOE. i n c l u d e :  

o S t o p  c o n s t r u c t i o n  when the wea the r  i s  dry. e v a p o r a t i o n  h i g h ,  o r  
c o n d i t i o n s  a r e  o t h e r w i s e  l i k e 1 1  t o  l e a d  t o  a s i t u J : i o n  where 
e x c e s s i v e  w a t e r  i s  r e q u i r e d  t o  c o n t r o l  t h e  d u s t .  

c Lixi t  t h e  r r g r k i n g  a r e 2  G a p e r :  a t  an,  one t i r e ;  hence l i s - i t  t h e  avea 
t h a t  i s  a S'Jurce o f  d u s t  o r  r h a t  r e q u i r e s  u c t e r i c g  t o  ccr!r.r?l 
d u s t .  Cover o t h e r  a r e a s  w i t h  n c n . a q u e o b r  d u s t  s c2pres ; an l :  c r  
g e o n c r k r a o e s .  

- _  :-:*:: . - -- 

o M2ist;rr-s ccn:i!icr. :b,e t a i i i n 3 s  a t  t h e  s o u r c e  so t h a t  t k e ,  a r e  1 1  

the  moistcrc. rar.9e A i r "  c c n p a c t i o n  can be ach ipved .  T n i s  k l t i  

s e r v e  ? o  1irr . i t  t h e  a-nourtt of wa te r  a ; . a i l a b l e  i n  t h e  p i l e  i c r  d e e r  
pcrc-:!;! i 3 :  ? - . ?  a i d  ir. Zcs! tor:rr l  dlir:f ,g  t r a n s p c r t  a r d  srv.ea:;r;.  

PJ Measure t h e  i r  s::b r;oi!ture cgnten! o f  a l a y e r  a f t e r  placenerlt  of 
subsequer.'. l a j ? r s  i n  o rde r  t o  c o n f i r m  t h a t  d u s t  c o n t r o l  s p r a y i n g  
hzs  not incri=a:e! t k : !  ;-.oisturrl canter.: of  the  p r e v i o u s l y  p1ace. j .  
d r i e r  l a y e r .  

o A;;ly for  a r e l a x d t ! ~ r i  ~f a;pl icatJ ie  a i r  qua : i t y  stand?r.!s. l i  
t h i s  approach  i s  a p c r o p r i a t e  ani: f e a s i b l e ,  the  D3E w i l l  w : r k  w i t h  
t h e  s t a t e  and l o c a l  au tho r i ! i e s  t o  obtair l  a i r  q u a l i t y  p e r a i ? z  ?!:at 
i n c o r c s r a t e  a n  . jFLi  on ' ia :~;  :c..??1 of  susFended 501 id: and which Lakc  
i n t o  accoun t  s i t e  ccns t ra ic !u  a n d  regu!a?gry r e q u i r e a e n t s .  

One or % o r e  of  the ~ S L ' L . ~ !  approache;  r a y  be i m p l w e n t c d  a: 
r e q u i r e d  a t  p a r t i c u l a r  U).ITRA Pro jec t  s i t e s .  S i t e - s p e c i f i c  remedies  
w i l l  be a d s p t e d  t o  meet s i t e . z p a c i f i i  c o n d i t i o n s .  

I n  o r d e r  t o  l i m i t  t h e  a-:ount o f  h a t e r  t h a t  w i l l  be a p p l i e d  t o  
achiP.42 coa?ac t i r , n  d u r i n g  r o l c c a t i o n  c f  the t a i l i n g s ,  the  DSE w i l l  
e i  t h E r :  

o S p e c i f y  compact ion  a , -cording t o  a r e t h o d s  p r o c e d u r e .  T h i s  w i l l  
i n v o l v e  s p e c i f y i n g  on ly  t h o  l i f t  t h i c k n e s s ,  t h e  type g f  con-pact ion 
equ ipmen t ,  and t h e  n u r b e r  o f  p a s s e s .  I n  that .  t h e  end d e n s i t y  i s  
no t  s p z c i f i e d ,  t h e  c o r i t r a c t o r  h a s  nr, i n c e n t i v e  t o  add water t o  
r e d u c e  t he  aalount o f  conpact ior!  t o  a c h i e v e  a s p e c i f i e d  d e n s i t y .  
T r i a l  L i a c e n e c t  s e c t i o n s  w i l l  be v o n i t o r e d  a t  t h e  s t a r t  o f  
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construction t o  confirm or provide data to make a change in the 
method specification. This approach is iihely t o  be applicable 
where the tailipgs are sandy. 

o Specify a place,r,ent density anc acceptable rnoistcre content raLse 
that will rzsult in acceptable dsnsitizs arid at-ccrnpleticn 
moisture contents that will not cauce ?ransient seepage likely trJ 
exceed apDropriate acceptable groundwater contaminant loadings. 
This solution i; more likely to be appiicable hhere the tailing: 
contain large percentages of slimes. 

In order t o  minimize the potential for precipitation on the 
unccvered tailings increasing the is-placed moisture content, the 
following technical approaches m.;y be adcpted by the CIOE: 

o Flace constrvction sgrfaces a! as steep  an inclinatign as 
practical. 

o Hake all practical provisions to direct water off the tailings a s  
rapialy as possitle. 

o I f  tailings placetrent is below grade. have purnos available tc 
remgve precipitation runoff during and after the storm or 
snowin21 t . 

o Provide a g f o m r 5 r a n e  of sufficient size to cover the exposed 
placement area in the event of impending precipitation. 

1 3 . 7  L I N E R S  

The proposed €PA groundwater p r o t e c t i m  stacdards require t h a ?  
relocated tailings pl6ced wet of their specific retention b? 
underlain by a liner or equivalent. The cnderstancing of ths DCE is 
that the licer requirement is intended to deal specifically with t k ?  
situation that would arise i f  the tailings 'Here tc be slurried for 
tracsport and then deposited at the new site by hydraulic fill 
tecnniqu2s. The DOE does not plan to do this at any sites; 
therefore, the 1 iner req3;renect d o e s  cot apply. 

In addition, the D 2 E  doe5 not ccrlsider that it is technically 
effective, prudent, or legally possible t o  place a liner bene;:h 
relocated tailings to control seepage of constructicn water. Reasons 
for this opinion are: 

.. -.Th.e- .us.. ... .- e o georPerib-fZie-li3~eti 1 s ii5t- P-oCYi 61 F E e T a r l s e t h e T c - a X  
be demonstrated to 1a;t for the facility dc.sign life. 

G The uje  c f  natural mZtf?rials, such a: bentooite or bento9ite- 
ammended s o i l s ,  will nc.1 inprove the long-tcrm.pcrformancc o f  the 
dispcsal facil.;ty: the t;er3t(ve flux through the linsr will eqOJal 
o r  exceed the flux through the cover, as. the low permeability 
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element in bcth is ?he 
partially saturated soil 
and both elements wil 
conductivity. 

details are adopted. 
o Use o f  bentonite in a 

unsaturated 
bentonite, 
have essen 

liner could, 
nduce slope 

hydraulic conductivity 
or bentonite-amended sc 
iallv the same hydrau 

of 
1. 
ic 

unless appropriate des gn 
instability in the c e  1 .  

Bentonite is a low-strength material, and the layer incorporating 
it could constitute a potential slip or failure plane. The design 
details required t c  prevent slope in stability include stabilizing 
dikes and berms. Such features could significantly increase the 
cost of remedial action. 

o Theoretically, moizture impounded by the liner would be slox~l: i n  
seeping from tho dispojal cell; the increased residence tine in the 
.cell could increase ?he concentration o f  ultirate releases f r m  the 
cell. 

o Failure o f  the liner could concentrate moisture releases fro- a 
part o f  the- disposal cell; this could contribute to unptedirtaS1c 
releases and migratign paths. 

o B successful licsr in a cell desianed for slope stability that 65er  
"OK iccorpora?e 6ra!n; Nil1 inevitably fail because o f  tne 
"ba?ht!ib" effect. 

. _  

3 If 3 successful liner i s  installed and water is collected at drain; 
ieadilig from the ce!l. it will be necesszry t o  perpetually treat 
the dvainage water. for if that is not done, the drainage wate r  
will inevitably flow to surface or groundwaters or evaporate. 
leaving b?nind unacceptable salts. 

The DOE Tay construct a liner equivalent at a site. Such 1irc.r 
ecio;ivalevts hav? been called buffer zones. foundation prepara::orl 
layers. or cleao fill initial placement layers. The DCE considr-r, 
t"t the natural soil ard rock betieath the disposal cell and aSove tt;c 
site grounduater tatle ray be considered a liner equivalent i f  it is 
possible t o  show th3t thes? intervening natural materials will act to 
control seeparJE fro- the disposal faciiity, and will aid in achie.difi; 
the specified grounddater prote:tion standards at the point o f  
co?pliance of the dispc:cl cell. 



. .  
.e 

L 

14.0 IMPACT OF STANDARDS Oh ALL SITES 

i 4 . 1  SPECiAl STUDY I M P L I C A T I C N S  T O  CELL DESIGN 

TaLle 14.i summarizes the i r p a c t  
s t u d i e s  have had on t h e  UMTRA P r o j x t  d 

ng s p e c i a l  
Shown 31: 

t h e  t a b l e  f o r  each  s t u d y  i s  whether  cr  c o t  the p o s i t i v e  f i r l d ings  f r m  
the  s t u d y  have be:.n i n c o r p o r a t e d  i n t o  the d e s i s n  c f  t h e  s i t e  c e l l  3n2 
c o v e r .  I n  g e n e r a l ,  i! i s  b e l i e v e 5  t h a t  the  d a t a  i n d i c a t e  t h e  
s i g n i f i c a n t  i irpact o f  the  s t u d i e s  on c e l l  and c o v e r  d e s i g n s .  Table  
1 4 . 2  shows t h e  impact c f  t h e  s p e c i a l  s t u d i e s  s p e c i f i c a l l y  r e l a t e d  t o  
groundwater  hydro logy  on ;he forrnular ion of r c n e d i a l  a c t i o n  p l a n s  arld 
grocndwate r  ccmpl i ance  r t r 8 t e g i e s  a t  each  UrlTRA P r o j e c t  s i t t . .  'iht. 
i x p a c t  o f  the  f i p d i n g s  of  t h e  s c e c i a l  s t u d i e s  has  bcen signific;: ,! ,  
a n d  tne resu l tan t  i x ? r o v e w n t s  o r  changes  irr  d i s p o s a l  c ~ l l  desjgr :  ha,;c. 
beer, pcs i t ive  i f  a ; l  r e s y , e c t s .  S i t e - b y - s i t e  d e ; c r i p t i o n s  ar-e prc?vidr.: 
i n  t h e  nex t  s e c t i o r : .  

1 4 . 2  S I T E - S " E C  I F I C @.!L;L i'S I S 

s i t e .  T a b ? e . 1 4 . 5  l i s t s  
a s  e l e v a t i o r :  and c l i m a t e  
the procosed  €PA groundwa 
s i t e s .  Techn ica l  d e r a i  
s i t e ;  a r e  d i s c u s s z d  ir? t h e  

t h a t  t h e  e n g i w e r  
s p o s a l  c e l l  d e s i g n  

Table  1 4 . 3  l i s t :  tne s i t e  r e r e d i a l  a c ? i o ?  ; lar, a n d  t k .e  tj.;r of  
cove r  for  e2ch s i t e .  Table  1 4 . 4  shzii: t o r  e a c h  s i t e  khir5 of t h e  
C C P c h i  i s t  C,Jver c c s p o n e n t s  a r e  i n c o r p 9 r d + . e d  i:: tho C a b e r  a ?  each 

o r  ezch  s i t e  s w v  p e r t i n e n t .  site f a c t s ,  sir:t: 
The f o l l o w i n g  i s  a sunncary of the i s p a c t  o f  

e r  p r o t e c t i o n  s t anda rd :  3n a l l  UF!TEA Prca!er: 
s o f  t h e  czll a n d  c o d e r  d e s i g n s  f c r  s e l e c t e d  
nex t  s e c t i o n .  

o , A r b r o s i a  Lak? (ti!!) : T h e  hydraul i c  condlrct 
been i n c r e a s e d .  Th i s  does  not  r e s u l t  
i n c r e a s e .  I n c r e a s i n g  t h e  f i l  tor  per- ieabi l  
h y d r a u l i c  c o n 3 J c t i v i t y  r educes  s e e p z y  f r x  
t h a t ,  f o r  s t e a d y  s t a t e  c o n d i t i o n s ,  M C i s  
corrpl i a n z e .  

5) E e l f i e : d / B c w r ~ n  ( W ) :  The c o v e r  t h i c k n r s s  

v i t y  of t h e  f i l t e r  h a :  
n a . s i g n i f i c a n t  c c s t  
t y  ;nd c o n t r D l l i n g  t h e  
t h e  c e l l  t o  ?he  tlx!erl! 
r e s u l t  a t  t h t ?  p o i n t  cf 

h a s  been inc rease :  t o  
p r o v i d e  f r 3 s t  pro??ct ic in  a t  a c o s t  o f  about S4OC.OI )O.  

o C?nnonsburg ( F A ) :  hc impact ,  a s  t h e  d i s p o s a l  c e l l  was c c j w l e t e  
b e f o r e  t h o  s t a n d a r d s  were proposed .  

o Durango ( C O ) :  Tno cove r  h J s  Doen s igni f ican! :p  a ; t c rw! - - see  next 

c F a l l s  C i t y  ( T X ) :  D e t i i l e a  e v a l u a t i o n s  have not  been corple!ed, but  
i t  i s  d n t i c i p a t e d  t t : a t  s i g n i t i c a n t  c e l l  and c w e r  d e s i g n  changes  
w i l l  have t o  t e  m d l ?  t o  ach iev5  c o z p l i m e  w i t h  the proposc-d IF,'. 
groundwater  p r o t e c t i o n  s t a n d a r d s .  

s e c t i o n  f o r  a d e t a i l e d  d i s c u ; s i o n  of t h ?  changes .  

o Grand J u n c t i m  ( E O ) :  C. new c c v e r  d e s i g n  W S S  f o r r n u l a t e d - - s e e  next 
s e c t i o n  f o r  d i . t a i1  c .  

__ .-'. - _.- I.$?-- 
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T a b l e  1 4 . 1  A p p l i c a t i o n  of  s p e c i a l  s t u d y  f i n d i n g s  a t  
s p e c i f i c  s i t e s :  i s o a c t  ofi c e l :  d e s i g n  

A 1  t e r n a t e  
c o v e r  A 1  t e r n a t e  Freeze; 

S i t e  GeomeFSrane rr .ateri31s cove r  des:gn thaw v2;c:i: ! c * 

F L 1 E :.!*A 7 i C O V E R  MLT E R I L L S 
!i - CILr'CtX no t  l i k e l y  t o  be inco r ;g ra t ?d  i n t c  cc;er  

- CLA'~!I:X l i k e l y  t o  be i n c o r p o r a t e d  i n t o  c o v e : .  

F F, E E E ,! 15 C;; 
t; - E , < z i t i o n a ?  r a t e r i a l  f o r  f r e e z e ' t k a w  p r s t e c t i o n  not  reqgiret. 
f - A.:.!iti3r.d: s a t e 7 i a l  fc,r freeze:'thaw p r o t e c t i o n  r e q u i r e ? .  

VEGETATIO!i  
tl - V c g ? t ; l t i o r  no t  l i k e l r  t o  be ~ r s e t  a t  t h e  s i t e .  
Y - V e g e t a t i o n  l i k e l y  t o  be u s i d  a t  t h e  s i t e .  

_- - - .  . _. ---__ - 
_c .. - -- - - -  

G E I I E R L L  TEEMS 
TED - 7 3  br. d e t e r r i n e d  
ti: - Hct a p p l i c a b l e  

C F V F . r . 1 :  The d e s i g n  d e t a i l s  shown i n  t h i s  t a b l e  n a j  chanSc i c  
respcinse t o  t h e  EPA $roundwater  p r o t e c t i o n  s t a c t a r t s  
a n d / o r  c o r p i l a t i o n  o f  f i n a l  d e s i g n .  

---..-.D% _- - -  --- 
00 q. w3.2 
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Taole 14.2 Application of groundwater special 
studies a? specific sites 

Radon b -  - i e r  
moist ' Gecc hemi c a1 Source i f r .  .- 

Site conter, i modification mod i f i cat i on restor a t  i 

Ambrosia Lake 
Bel f i el d/Eowman 
C anon s bu rg 
Durangg 
Falls City 
Gunni son 
Grand Junction 
Greer; River 
Mexjcan t i a t  
Lakev i ew 
Lowsan 
Ilaj.bel1 
M a n u v n t  Val 1 ~y 

Na!l;ri t a  
2 1 f i z  
R i  v e  r! on 
Shi crock 
S1 ickrock 
Spc2ii 
Salt Lake City 
Tuba City 

EADOII BkRRIER MGISTURE CONTENT 
1, - Partially saturated a r g u ~ e n t  not used at this site. 
Y - Results of study used to support 2dttially satQrated a r g u w n ?  

at specific site.. 

GEGCHEM! CAL MCD I F I CAT I Orr 
n i  - tic: used tecause not pcssible or not needed to achieve standard: 
P - Possible or feasible but too expensive for implementation. Alsc 

r iot  required for stasdai-d conpl idnce. 

SCUECE HODIFICATION 
t i  - Not used becaus? not rtqilired or not technically practical. 

AOUI F E R  RESTORAT IO:( 
NA- Not zpplicable because of construction constraints. 
C - Con:idered, refer to Section 3.10 whers WE! ccnclude that there arc nc, 

sites at which it i s  possible to begin aqu'fer restoration (i.e., 
Subpart B compliance) concurrently with or as part o f  Subpart A 
remedial actio7 construction. 

GENERAL T E W S :  
TBD - lo be determined, final decision yet to be made. Analysis in 

progress. 
tlA - Not applicable. 

09 
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to t h e  [PA groundwatcr protection stand2r.j; and/or cor , ; ; ? i t i c r i  
---W-f- 
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T a b l e  1 4 . 3  S i t e  Remedial Ac t ion  P l a n s  

S i t e  

I 

Rened i a1 
a c t i o n  

Di sposa l  c e l l  co - re r  t s r c  
t o p  cover  s i d e s l o p e  

Anbtosi a Lake 
Bel f i e l  d/Bowman 
Burrel 1 
Canonsbtirg 
Durango 
F a l l s  C i t y  
G r a d  Junc t I cn 
Green F.1 . z * -  
G u n r  i 
Lakev 
L O k T 7 9  
Maybe; 1 
Mexican H a t '  
M o n u x n ?  V a ; i e y  
kat ;?  ; ! i 
k i r i ?  
F; ive r t cn  
S a l t  l a k e  Ci t ,  
Shi p t c c k  
51::c. ficcl; 
Spook 
T L C ?  c::. 

S I ?  
S I P  and r e l o c a t e  

S I P  
S I P  

Re1 o c a  t e 
sos 

Re1 oca t e 
SOS 

Re 1 o r  i t e  
Gel 0: a: e 

scs 
5 I P  

S I ?  ~ n :  r e ! o c a ? e  

Relcca:o 
Gel O C ~ ' . F  

R e l o c a t e  Y i t ? e  1 1  
Re1 o c z  t e 

SIP 
sa5 
SI? 
SIP 

sTa 
DD 
STA 
STA/V 
FC 
TCD 
F C  
STk 
F C  
STA 
S T A  
TEC 
c .; 

f C  
DIJ 
N,'4 
5 T A  
s ? b. 
s i a  

STC, 

STd 
DD 
STA 
STG/V 
DD 
TF? 
S T A  
S T A  
Ci! 
STk 
S T  G 
TED 
s:: 
TE3 
C3 
t; ' A  
STh 
S T L  

P I T  F I ! !  
S ?  L 

s i a  

S!? - S : a b i ? i z ~ ;  i r i  p:ace.  
52 S . . -  S t a b i l i z e  on s i t e .  
R e l o c a t e  - S t a b i l i z e  a ?  a l o c a t i o n  remve:! f f w  t h e  processing s i t e  
s T A  - S t a n d a r d .  
F C  - F u l l  c o r p o n i n t .  
u b' 

C9 - C l e a n  d i k ? .  
/ \  - W i t h  v e g o t a t t o n .  
YE9 - To be d e t e r m i n e d .  
h;' CI - Not a p F l i c a b l e .  

- Double  d r a i n .  m F  

CKVE47: Th? d e c i g n  d s t a i l s  showr; i n  t h i s  t a b l e  r a y  change i n  resr \51-ls~.  :- 
--t h e- E PC - g r o u n dga t e r p r o t e-c t13 fi -5 tXini6Fid S-- a nd/cT---c o :: T-ilT-' a t 1 c n  of __- 

f i n a l  d e s i g n .  
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o Green River (UT): he cover design has been altered by providins 
frost protection and a high permeability filter, and adding sodiu-. 
bentonite to the radon/infiltration barrier to redl;ce i t s  
perveability. The estimated additional cost of these measures i s  
about flOC,030. Because of these change:, M C L s  are achievea at tbic 
point of compliance of the pile. 

o Gunnison (CO): ?he tailings are to be relocated to a ne* site 
whe;-e the constrained cell cover will be constructed with a very 
low permeability--see next section for details. 

o Mexican Hat (UT): No significant changes, except that the pile 
will now incorporate material from Monument Valley. 

o Lakeview (Ok): No significant changes. 

o Maybell (CO): No evaluation of the design changes required to 
comply with the EPA groundwater protection standards has yet b2.11 
made. The DOE currently anticipates A C L s  nay be required at this 
site to achieve compliafice with the prGposed standards. Detailed 
alternative design evaluations to assess the possibility or cost o f  
act,ieving MCLs have not yet been undertaken. 

o Monument Valley (UT): Tailings will be relocated to and codisposc.,: 
with the Mexican Hat tailings. 

o Naturita (CO): The constrained cell design will probablj be 
adopted although comparative design evaluations are in progress. 

o Rifle (CO): A frost protection layer costing about 52.0 million 
will be added to the cover. 

o Shiprock (NM): No change, ai remedial work was complete before the 
standards were proposed. 

o Slick Rock (CO): Detailed design reevaluations have not been 
undertaken, a1 though it appears 1 i kely a frost protection 1 ayer 
will. have to be added at a cost o f  about $125,000. The need for 
cover design changes to achieve MCLs has yet to be determined. 

. 

o Spook ( W Y ) :  The remedial action consists of placing the tailings 
in the adjacent open pit, which will be filled with overburden. 
Because of the existing quality o f  the groundwater at the site, the 
compliance strategy is the application of supplemental standards. 

o Salt Lake City (UT): No change, as construction was alcost 
complete at the time the standards were proposed. 

o Tuba City ( A Z ) :  The infiltratio8 barrier will be placed at an - -  
hydraulic conductivity of 1 x 1 0 -  cm/s . To confira t h e  
feasibility of this, a test pad was constructed. 

Title 1 1  facility. 

-. 
o Riverton ( W Y ) :  No effect, as the tailings are being relocated tc a L 

-88- 
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o L o m a n  ( I D ) :  A frost protectior! layer nay be added at a C O S 1  c f  
$100,000. 

14.3 COST IMPLICATION 

The most s'gnificant impact on disposal cell desigr.s -a! 
individual UMTRA Project sites has been on the cover. T h e  s i q l e  r o s t  
significant impact on cover design has been the realization t h a t  i t  i b  

imperative t o  protect the infiltration barrier from freezing. a:? 
hence t o  maintain its iow permeability and its ability to c o ~ p l y  hit/! 
t h e  proposed EPA groundwater protection standards in the future. T!!? 
estimated total cost increase to the UMTRA Project a s  a rejcl! c r  
providing frost protection is about $10 million. 

Relocation of the Mcnument Valley tailings will cost a h c t  Si: 
million m3re than stabilization on the site in accordance Nitrl ti.c 
design formulated before the appearance o f  the p r o p o s e d  EL:.. 
groundwater protect ion standards. 

Precise comparative figures f u r  the increased cost o f  r 3 r e  
complex covers at sites like Duranc;? and Gran;: J u n c t  !cr, ar'e r::,: 
available. It is, however, not unreasondble to pilt t h e  increased cost 
at about $1.0 million per site. The lihe\y \ncr-eased cost o f  nci. 
cover designs at Gunnison, Falls City, Naturita. a n 3  Maybell has n o t  
been evaluated, but again a rough estimate o f  $1.0 million per site i :  
not unreasonable. The cost impact of the proposed EPA groundwater 
protection standards is a direct construction cost of between 520 and 
$30 million. In practice, overhead and other design, managecent, a n d  
aaministrative costs will result in an ultimate cost about double the 
direct construction cost. Hence the total cost increase for Subpart A 
coinpliance (disposal cell design and construction) to corcply with the 
EPA groundwater protection standards could be as much as $50 million. 

. - .-. . 

The cost o f  Subpart A compliance may increase because one or more 
of the following design or construction changes are required to obtain 
NRC concurrence: 

o Stringent tailings placement t o  reduce post-construction moisture 
contents. 

o Construction of buffer zones to meet the requirement for a liner or 
equivalent. 

o Reworking o f  tailings to reduce their moisture content prior to 
stabilization in place. 

o Additional bentonite (or CLAYMAX)  for infiltration control i f  
of the radon barrier is not acceptable as a way partial 

t o  reduce its permeabi 1 i ty. 
saturation 

, 
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o Rock mulches or extensive soil modification to provide e i t v c - 2  

o HydrogeocheEical modification to enhance MCL achievement. 

conservatism against erosion of vegetated soil surfaces. 

o Partially saturated flow monitoring t o  demonstrate disrcca: : c ? I  
performance. 

. 
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15.0 CASE HISTORIES 

15.1 GRAND JUNCTION 

Figure lS.l shows the design of the proposed cover f o r  the 
disposal cell at Cheney Reservoir, the site t o  which the tailings a n J  
contaminated materials from Grand Junction will be relocated. This 
design has been proposed to the NRC, and discussions'with them abczt 
its acceptability continue. 

The topslope cover incorporates most of the elements of the 
Check'list Cover. Soil and vegetation are the primary infiltration 
barriers, augmented by a CLAYMAX mat placed above the radon barrier. 
Beneath the soil is a filtered biointrasion barrier and beneath that 
is a drair! o f  clean sand. The radon barrier consists o f  corrpacted 
silts and clays. The slope of the top surface is two percent, which 
is considered just sufficient to promote shedding o f  water that r a y  
enter the drain above the CLAYMAX in the rare event of seepage fro? 
the soil. A significant factor affecting the choice o f  the relatively 
.flat topslope is the need to minimize the potential for erosion of-the 
soil. Geomorphological evidence indicates that slopes of t h a t  
inclination are unlikely to experience ; ~ l l y  development during the 
design life o f  the pile. Site data to suhstantiate this have been 
submitted t o  the NRC. An erosion base ledel consisting of a perincter 
crest dike o f  erosion resistant rock is also proposed. The only 
potential additional feiture tc control erosion would be erosion 
control dikes as shown in Figure 10.1. These would be easy to build; 
however, because o f  the need f o r  extraordinary quality and control orl 
the UMTRA Project they will be expensive to build. 

, Rock, not soil, is the uppermost component of the sideslope. 
Because o f  the very small amount of water that will flow off the 
topslope, the sideslope radon barrier will probably be partially 
saturated. Hence, its operative hydraulic conductivity will be ver 
low (les than the saturated hydraulic conductivity o f  about 1x10- 
o r  IxlO-' cm/s at which it would be placed.) Gecause of the 
anticipated low permeability of the radon barrier, it will double as 
the sideslope infiltration barrier, and CLAYMAX will not be used 
there. Frost protection is provided on the sides by ensuring that at 
least one foot o f  the radon barrier is below the calculated depth of 
frost penetration. 

3! 

15.2 GREEN R I V E R  

At -Green--RiS?-the-tailings-are to be -stabilized on the site and 
placed partially in an excavation and partially above-grade. The 
upper section o f  Figure 15.2 shows 3 typical cross section along the 
perimeter o f  the cell, 

. - - - .. 
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1 . O  LEGISLATIVE BACKGROUND 

In response t o  public concern over uranium rill tailings and the 
associated contaminated material left abandoned or otherwise uncontrolled at 
inactive processing s.ites throughout the United States, Congress passed the 
Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA), Public Law 
95-604, which was enacted .into law on November 8, 1978. Congress directed 
the Secretary o f  Energy to designate and remediate designated sites. 
Twenty-two were designated and included in the resultant Uranium Mi 1 1  
Tailings Remedial Action (UMTRA) Project controlled by the U.S. Department 
of Energy (DOE). 

Pursuant t o  the requirements of the UMTRCA, the U.S. Environnental 
Protection Agency (EPA) on January 5, 1983, promulgated health and 
environmental standards to govern cleanup, stabilization, and control c f  
residual radiological and non-radioactive materials at inactive uraniur p i l i  
tailings sites (40 CFR Part 192). The provulgated standards establish 
requirements for long-term stability, radiation protection, and provide 
procedures for ensuring the protection of groundwater quality. 

In developing the standards, the EPA, followincj the lead given b:i 
Congr?ss, determined "that the primary objectjve for control of tailings 
should be isolation and stacjlization t o  prevent their misuse by man a x  
dispersal- by--natural forces such as wind, rain, and flood waters" and thzt a 
secondary objective should be "to reduce radon emissions from tai 1 i n g s  
piles." A third objective should be "the elimination of significant' 
exposure t o  gamma radiation from tailings piles" (Ref. 48FR590, January 5, 
1983). These conclusions were based on a determination that the res! 
significant pub1 ic health risks associated with inactive tailings were. posed 
by exposure t o  people living and working in structures contaminated bj. 
tailings, The €PA further coccluded that the potential for Contamination o f  
groundwater and surface water should be evaluated on a site-specific basis. 
The EPA standards are discussed in the following paragraphs and are 
sumrarized in Table A.l.l 

sites 

- - - -  - - --- . __ . __  
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2.0 LONG-TERM STAGILITY 

, 

Congress specifically stated they wanted a long-term, permanent control 
o f  the tailings and contaminated r?terials. Accordingly, isolation and 
stabilization o f  tailings in order to prevent misuse by man and dispersal b, 
natural forces are the primary objectives o f  the EPA standards. 
Accordingly, long-term stability was emphasized in the development and 
promulgation o f  the standards. This is consistent with the guidance 
provided by the legislative history of the UMTRCA, which strzsses the 
importance o f  avoiding remedial actions which would be effective only for a 
short period o f  time and which would require future Congressional 
consideration. 

Also because Congress wanted a long-term sol!.r'iion. the E P A  
standard-setting process distinguished "passive controls" such as thich 
earthen covers, below-ground disposal, rock covers, and massive earth and 
rock dikes, from "active ccjntrols" such as semi -permanent covers, warnin? 
signs, and restrictions on land use. Active controls could be expectec! tn 
need frequent replacement or other major repairs requiring the appropriation 

for- designs which .rely primarily on passive controls. 
and expenditure o f  public funds. In setting the standards, the EPA called _ _  

The first objective of the standards is a longevity requirement. which 
recognizes the difficulty of predicting long-term perfornance -wit.h a high 
degrze of confidence. In establishing the longevity requirement, the €FA 
concluded that existing knowledge permits the design of control systems that 
have a good expectation of lasting 6t least 1000 years. Therzfore, a design 
objective o f  1000 years was established to be satisfied whenever reasonably 
achievable, but in any case, a minimum performance period of 200 years rust 
be achieved. 

The' standards recognize the need for institutional controls such as 
custodial maintenance, monitoring, and contingency response measures. In 
its preamble t o  the standards, the EPA calls for such controls to b? 
provided as an essential backup to the primary, passive controls. 

2.1 RADON EMISSIONS CONTROL 

The EPA identified a reduction o f  radon emission from tailings 
piles as the second objective in its standards for the control o f  
tailings. 

In establishins the radon standard, the EPA determined that the 
emission 1 imitation- could be a c h i e v e d - b  well -designed earthen covers 
and that such control techniques would be compatible with tho 
requirements o f  the EPA longevity requirement. 

. _ .  
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These items are discussed below. 

Subpart A (40 CFR Part 192.01-192.02) consists of the requirerents 
for control o f  potentfa1 contaminant releases to the groundwater at 
disposal sites. It incorporates the following: 

0 

0 

0 

0 

0 

0 

. o  

The RCRA list-of hazardous constituents (40 CFR Part 264.93). 

Concentration limits. including Maximum Concentration Limits 
(MCLs) (40 CFR Part 264.94), background limits, or Alternate 
Concentration Limits (ACLs). The estzbl ishment of ACLs must 
be concurred in by the U . S .  huclear Regulatory Commission 
(NRC), be as low as reasonably achievable (ALARA). and satisfy 
the water-quality protection consideration stipulated in 40 
CFR 264.94(b). 

Point o f  compliance (40 CFR Part 264.95). 

Four hazardous constituents and associated MCLs (molybdenu?, 
radium, uranium, and nitrate) are added to those taken fron; 
the . E P A  Primary Drinking Water Standards. (Note: an MCL for 
sn additional constituent, gross alpha activity, is included 
separately and without discussion in Subpart A, Table A . )  

A liner o r  equivalent beneath the disposal site if tailings 
contain water in excess of their specific retention (40 CFR 
Part 192.20). 

Monitoring during a post-remedial action period to verify 
design performance. 

Corrective action to be initiated within 18 months after 
monitoring indicates or projects an exceedance of the 
applicable concentrztion limits. 

Subpart 8 (40 CFR Part 192.11-192.12) lists the standards 

o Cleanup o f  the listed groundwater constituents to specified 

o Extension of the remedial period to allow for natural flushing ’ 

applicable for remediating contaminated groundwater. It incorporates: 

levels. 

if: 
_____  ______ - T h e ~ ~ . g ~ r ~ o ~ n . d . ~ a f e ~ s ~ ~ i T b t ~ a ~ t i d i ~ s ~ ~ o . t - p r o  je.ct-e-d-t-~--be.,.a. 

drinking watcr source, and 

satisfy other beneficial uses, and 

less than 100 years. 

- Institutional controls will effectively protect hea 

- Concentration limits (40 CFR Part 264.94) will be 

pi ,mIc- -  

th and 

met in 
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2.2 MATER GUALITY PROTECTIGN 

The EPA reviewed allailable water quality data at. inactive tailir;s 
sites and determined that there was little evidence o f  recent movement 
o f  contaminants into groundwater. They also determined that ar:! 
degradation o f  groundwater quality should be evaluated in the context 
o f  potential beneficial uses of the groundwater as determined bp 
background water quality and the available quantity o f  groundwater. 

Rather than establish specific n m e r i c a l  1 imitations for 
contaminant discharges or groundwater quality, the EPA established in 
the 1983 standards that the most appropriate course o f  action would be 
to require site-specific analyses of potential future contaminant 
discharge and a case-by-case evaluation of the significance of such a 
discharge. The implementation guide1 ines for the EPA standards called 
for adequate hydrological and geochemical surveys at each site a s  a 
basis for determining whether specific water protection measures should 
be appl ied. 

. - -. . ._ . ... . 
The site assessments further called for judgements of the need for 

restoration or prevention, o r  both, to be guided by ths EPA’s hazardobs 
waste management system and relevant state and Federal water-qual i ty 
criteria. Decisions on specific actions t o  protect or restore water 
quality were t o  be guided by such factors as the technical feasibility 
of improving the aquifer, the cost o f  applicable restorative or 
protective programs, the present and future value o f  the aquifer as a 
water source, the availability o f  alternate water supplies, and the 
degree t o  which human exposure is likely to occur. 

On September 3, 1985, the U . S .  Tenth Circcit Court of Appeals 
remanded the groundwater standards, 40 CFR 192.2(;)(2)-(?). The Court 
remanded the EPA groundwater standards primarily b x a u s e ,  contrary to 
the direction o f  Congress, they were site-specific and not general. 
Moreover, the €FA groundwater standards were not consistent with other 
environmental regulations. The EPA accordinqly revised and rewrote the 
groundwater standards applicable to the UMTRA Pr.oject 
(52 FR36000-36008). and on September 2 4 ,  1987, the EPA issued ihe so 
called “Proposed EPA Groundwater Protection Standards . I ‘  

The propojed standards provide for: 

o Protection of human health, safety, and the environment. 

o Consideration of radiological and nonradiological hazards. 

o Consistency with the requirements o f  the Resource Conservation 
and Recovery Act (RCRA), as amended. The EPA followed 
congressional desires for standards t o  be as close to the RCRA 
as possible. 

o General standards applicable to all UMTRA Project sites (i.e., 
not site-specific as was the case for remanded standards). 

I . .  
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APPENDIX 6 

COMPOt4ENT E L  i M I r G T  IO:; C Fc I T  E ! : 



Subpart C (40 C F R  Part 192.20-192.22) addressed supple-.,ental 
standards applicable to Subparts A and 6 .  T h e  supplemental stan:ar?s 
provide fer alternative actions which come as close to the standards 
"as reasonable under the circunstances." T h e  NRC must concur in the 
appl ication o f  supp'enental standards. SuDglernentai standards -35 t-2 
applied if prctection c f  human llealth and the environnent is Sjj;t't: 

(40 C F R  Part i92.22(d)) and: 

o The proposed action would cause more environmental h a x  t!-.cc. 

o Restoration is technically impracticablc from an engineerifig 

it would prevent (40 C F R  Part 192.21(b)), or 

perspective ( 4 0  C F R  Part 192.21(f)), o r  

o The groundwater is Class I 1 1  (40 CFR Part 192.21(g)). 

All remedial actions performed under the U M T R C A  Rust be p e r f o c F - !  
in accordance with the E F A  standards and with the concurrence o f  t h c  
RRC and the statss and tribes. The NZC hjs not and does not iniend tc 
issue regulations applicable to the remedial actions at the inactiie 
uranium processing sites, Silt will issue a general license for all 
sites and will concur i n  site-specific surveillance and rnaintend~,:~ 
plans for the disposal sites. The FiRC concurrence in the site-spscific 
surveillance and raintenance plan will render a site licensed. 

A-6 



Component El imination Criteria for 
"Check1 ist" Cover (Continued) 

Rationale for El inina:::.. 
(based on site-specific 

Cover Component Pur4ose S Function conditions) - 

3 .  Rooting medium 
( 2 - 3  feet of 
soi 1 ) (topsoi 1 s - on1 v) 

4 .  Frost protec ion 
(random fill) 
(tor, S sidesloces) 

5 .  Choked rock filter 

o Provide rooting o Vegetation would Rot tx 
medium for used for any of the 
begetation. reasons stated in No. ! 

o St0r.e water for above. 
plant growth. 

o Protect th? under- 
lying biointrusion 
layer from surface 
exposure. 

o Protect the under- 0 
lying layers froa 
the effects o f  fr-ost 
heave an3 frost 
penetration 

o Preserve the physical 

underlying layers. 
propertics of tne 0 

0 

Regional frost penetraticn 
depth is insignificant: 
protection, if req2ired. 
can be afforded by tb.? 
erosion barrier C Y  ror.!ir.? 
medium (if included). 
Piles a: which constructior 
is complete. 
Piles for which the d:si<-: 
i s  t o o  far advanced t c  
change. 

o Prevent DiDinq of o I f  biointrusion laver wot-e . .  - 
(layer of pea gravel s o i l  into erosion,' 
overlying layer of b i o i n t rus i on barri er . of tne reasons s?ated i r .  
coarsr! aggregate). o Drain infiltration No. 6 below. 
(toD 8 sideslcces) as rapidly as o Potential for slope 

not to be used for-an;. 

possible to retard instabi 1 i ty . part i cul 21-1, c.- 
root growth. sides1 opes. 

B -  2 



Component Elimination Criteria for 
Check1 i st Cover 

~ ~~~~~~ - ~~~~ 

Rationale for El izina:ic:; 
(based on site-specific 

Cover Co;r,?onent Purpose B Function conditions) 

1 .  Erosion-barrier 
vegctation 
(topslopes on1 v )  

o Transpire moisture 0 
that enters soil. 

o Reduce infiltration. 
o Stabilize soil ani; 

reduce erosion. 
o Minimize inpact o f  

rainspl ash. 0 

0 
0 

0 

0 

0 

0 

0 

2 .  Erosion- barrier- 
m a l l  dia;;.eter 
rock layer above 
topsoil on 
pea gravel/soi 1 
mulch (tosslopss 
&) 

o Provide additional 0 
protection against 
soil erosisn used 
in conjunction with 
vegetaticn. 0 

rates within the 0 
underlying soil 0 
layer in drier 
environrnents--preclude 
drying of the radon 
barrier. 

o Reduc? evaporaticn 

Unavailability; of suitabjc 
topsoil to support vsaeta- 
tion; topsoil is highlg 
erodible because o f  
physical structure or- 
properties. 
Short growin3 season  
( G E L / E O X ) .  
Arid environ.-ent (K::; 'ti-'..:), 
If large rock would be re:..:*-?: 
to control gullies. and s ' . . : ~  
rock is not available. 
Unavailability o f  "hish" 
quality r o c k  for the 
bioi nt rus i or, 1 ayer-. 
Rock quality wou!d ha;.e t r >  

meet the s a x  require-sntr 
a s  that for frequently 
saturated conditions-- 
scoring 65% o r  better. 
Piles at which i t  i s  
possible to show that a 
significantly thick rock 
layer can be placed tc 
inhibit the establish-ent 
vegetation. 
Piles at which constructicr. 
i s  complete. 
Piles for which desi??, i c  
t o o  far advanced to changc. 

Vegetation would not bn 
used for ani. of the reaso-: 
reasons stated in f;J. 1 
above. 
Ret. hunid environrer! 
(seni tropical ) . 
Unavailability o f  ro:4. 
Inhibits vegetal 9rci;th. 

. .  - - -  

B -  1 
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APPENDIX C 

PROPOSED E?A GROl!fiDWATER PR9TECT IOt; STAf:DARDS 



Component El iizination Criteria for 
Check1 1 st Cover (Concluded) 

6. Erosisn/biointrusion 
2 - 3  feet of cobbies 
with a low coeffi- 
cient of uniiorrity 
to prevent bioin- 
trusian (tcc apd 
sideslocesl 

7. High perrec5i 1 1  
drain ( 6 " - l i "  layer 
o f  pea gravel over- 
lying clean sand) 

8. Infiltr tion bhrrier- 
c1 ay:ar' 1 i ner 
systern (topsloccs 
or,lv) 

9. Radon barrier 
(c 1 ay/ s i 1 r ) 
(to;, 8 sideslozesl 

o Drain infiltration 
as rapidly as 
possible to retzrd 
root grcwth. 
Irnpede burrowing 
anirnai s .  

o k t  as a capillary 
break at ths totto- 
o f  the layer tc 
prevent u p ~ a r c  
rroverezt of hater. 

o Control topsiope 
erosion if vegeta- 
tion and topsoil 
eroded away. 

o Drain water 
laterally off the 
pile to lir,:t 
inf i 1 trat ion. 

o Protect t h e  u der- 

liner systez frorn 
di spl acement afil 
rock penetration. 

lying Claymax R 

o Intercept r3isture. 

o f3ioin:rZsion li;,?t- will 
not be protected fro- 
surface exPCsure b! ar. 
o\/erlying layer ( i  .e. 
topsoi 1 ,  rando- f i 1 1  
rock) . 

o Unavailability of "hi? 
qual i ty rock (fregucr? 
saturated conditions). 

o Piles f o r  which the d e  
i s  tco far advacce3 t: 
cllange. 

i ,. .. .. 

0 0 5  nst k ; . , ~  ~ r . : ; ; , - i  6 , t  i r  : . -  
C l a p a x  1 iner c,yste- 
for an:; o f  the re9:cr; 
stated in 140. 8 belok. 

instability, particular!, 
on sideslopes. 

o Potential for sic;? 

o Saturated hydralrl i c  
o Control infiltration. conduct i v i ty of ra-fcr. 
o Inhibit infiltration barrier, amended or cs:, 

while mature i s  low enough to lea< t s  
vegetation co--unity groundwater cozpl iaccc;. 
is establishing. o Potential for slope 

instability. 
o Piles at which constructic-. 

i s  corrplete. 
0 Piles for which the ds:i:<. 

is too far advaicE< t'. 
change. 

o Inkbibit ra.;'.;-. o Rationale for r p + . * - i r . :  
emanation. thickness--Clay-i;' 1;. 

o Licit infiltratior;. system aids in rador, 9 2 2  
diffusion. 



1 
1 
I 

I 
I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
! 
I 

74 18 

t 
3 . 0 '  

+ 
-4- 

1 . 2 5 '  

4-- 

2 . 3 '  

i 

(?c (:? -7 ,5 FIGURE 15.1 
GRAND JUNCTION P R O P O S E D  COVER D E S I G N  
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ALTERNATE PERIMETER DETAIL 

FIGURE 15.2 
GREEN RIVER DISPOSAL CELL: ALTERNATE PERIMETER DESIGNS 



The proposed cover incorporates a radon/infiltration barrier 
anmended with bentcnitf: to produce a low hydrculic conductivity ( t R c  
bentonite was added 2s a direct result af the nGed to conply with tt;s 
proposed EPA groundwatzr standards). Over the radon/infiltt-atioi: 
barrier is a p2rmc;ible drain and an erosion barrier of durable r o c k .  
The most significant feature o t  the cell is the five feet of se:ect 
fill at the base to ret.ira contaminant movemnt. 

The prcDosed wnedial action for the tailings from the Gunnisc':. 
pile i s  to relccate them to the Landfill site. The proposed cell and 
cover details are !.hewn on Figure 15.3;  the cell consists of the 
"constrained cell" approach: In addition, the cover incorporates most 
o f  the elements o f  the Check1 ist Cover, including CLAYMAX arid 
vegetation as the interactive infiltration contrcl mechanis-. T h i s  
conservative approach i s  adopted in order to achieve K C L s  at thi! nsv. 
disposal site. 

The perimeter detail includes dikes of clean. compacted soil. 
The inner slopes of these dikes will be arranged to prr;clcSi. 
backseepage o f  water. coning off the topslope, into the tailings. 
This will be achieb*ed eit3er by a pronounced slope, as much as tz.? !i:  
one, by introducing anisotropy into the dike by selective construction 
practices (inclined layer placement with smooth rolling of suc;essibc 
lifts), or by plznning a fine-grained capillary break betKePn thi. 
tailings and dike materials. The side dikes of clean material are 
selected priparily to reduce. contaminant seepage from the cell. 
Because of the wet, cold climate zt the site, partially saturatd flo;.; 
conditions are ur,likely to prevail in a radon barrier of a sideslope 
with conventional detzils (as shown in Figure 1 5 . 1 ) .  A s  thc 
saturated flow throuch a conventional sideslope is likely to reslilt in 
tob great a contaninant flow rate, it is necpssary to place clean 
material and elirinate contaninated seepage from beneath the 
s ides1 opes. 

The topslcpi design i s  essentially th2,samt: as that discuss2d 
previously for the Grand Junction pile. except that the s o i l  laFer 
thickness is increased to provide the required site-specific frost 
protection depth. 

is .  4 D'JRAFJGO 

At the tinre of the first appearance of the EPA croun?wat.er 
protection stbnaards, the relocation of tailings from the processir,,. 
site to the new disposal site at 6odo Canyon was well advanced. Thc 
cnly reasonable design modification possible to enhance co;-.p1 iar,ce 
with the groundwater protection standards was to change the cover. 
detailj. Alteration of the sideslope inclination was considered. but 
the cost and construction implicaticns did not yield a cozxencura:e 
increased potential for compliance with the standards. 
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After considerable evaluation, the detail5 for the cover 2s sk:,.,:: 
02 Figure 1 5 . 4 ,  ksre  r ~ c x m ~ d ? j .  A s  ai Grand Junction and G:,Yr-,is.:.:, 
the tcpslope incorporatcj vegetation and CLAYblAX as the opet-;; i i c  
infiltration barriers. The radcn barrier also acts a s  2!: 
infiltration b2rrier. jSec Section 1 2 . 4  iinere the syncrcistic 
interaction of ths v a r i o z s  cover components and the cone::: o i  
mu1 tiple irifil tration Sari-iers i s  explaiped). In order to protect the 
radon/infiltration bdrrier from the deleterious effects of freezing. a 
frost protection layer i s  placed above the radon/infil traiior, 
barrier. A drain is placed between the frost protection layer and the 
radon/infiltr.ation barrier t o  preveiit build up o f  an hydraulic hsad c.:i 

the infilt:.atibn bzrrier that would then increase seepage through t h ?  
infiltration barrier. 

I 

The interface betwzen the topslope and the sideslope covet- is 
s h o w  in the Figure 1 5 . 4 .  The detail adopted creates a C O ~ I - S E  rclci, 
"ledge" around the perireter of the topslops. T h i s  lecse functiors c s  
an erosion control base leyel. 

.. . 
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16.0 THE F!JTURE 

The DOE anticipates that tho EPA will publish the final V C I - S I G : :  
of the groundwatsr protection standards as applicable to Title I sit25 
{the UlYTRA Froject) in th2 spring of 1989. The DOE has comente,? 
extensively on the proposed star,dards as they irn?act both S ! i ; i a . ;  ;. 
(disposal cell design) and Subpart B (aquifer restoratic!:) 
compliance. A s  described in this report, the D O E  considers that i t  is 
feasible, although considerably more ccstly than hitherto estirated. 
to achieve compliance with the Subpart A requirements of the propcsei 
standards. 

In order t o  anticipate the final standards, the @?E is a ; ! cn t i ! - ?  
as the first co4:;1 lance strateg) K L s .  2nd supplesenta! ;tans:cit.dj (I' 
A C L s  only where unavoidable. 

To preclude the need for liners. the DOE is undertaking 
o f  the tailings at mcisture contents as low as is consisten 
n??d to coTpact tailinqs t3 a state which assures d;sposa 
stability. 

The DOE plaqs o r  is ionstruct'n cnvers f r which the 
water flux is ap7roxirately I x l g - '  lr10-g et's or- 

pl ace-i.71 
with t h f -  
fj:i!i!b 

O C F  r-a! i \ t? 

ess. TtnC 
DOE believes that the cover and cell designs !t proposes will redbce 
the infiltration to ths lowest limits practically attainable for the 
1.003 year Drcject d?sicjr, life.- 

For the reasons given here, the DOE believes that it has rxoved 
r w i d l y  and consistently to comply not only with the strict 
requireRents but also with the spirit o f  the proposed and any possible 
final EPA groundwstsr protection standards. 

1 6 . 2  CO?iT!LJUIt.(G S P E C I A L  STUDIES 

The DOE believes that i t  is prudent and practical tG use onl) 
proven technolog;; in ir7leTenting reTedial action schez2s on LJ!:TK.A 
Project sites. The U I I T R A  Project is not a research undertaking: i t  
was not undertaken to develop new technologies. Nevertheless, in 
order to coEply with new and chan ing EPA standdrds, the demands of 
concurring parties, and the qgest ons of reviewers. the DOE has 
expended considerable sums on techno og:/ development and will continue 
to do SL, in the future. This report describes the current and planned 
studies undertaker! to advance knowledge. seek lcore efficient 
technological approaches. reduce costs. and Feet the strincen! 
requirements of the [PA standards. 

The DOE anticipates definite benefits from these studies. a r :  
intends t o  inplerient positive results as they are acceF!ej t?., 
reviewers and in particular as they lead to more cost-effecti,.s 
corpl iance with the final E P C  groundwater protection standards. 
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1 6 . 3  TEE C O N C L X E N C E  OF fiEVIEWEES 

T h i s  r e p o r t  has  d e s c r i b e d  n u m r o u s  risw t e c h r i c a l  ap?t-:;:!:.::. 
d e s i g n '  p h i l o s c ? h i e s ,  ar,d r e n s d i a l  a c t i o n  p r o p o s a l s .  6 e f c r i  
c o n s t r u c t i o n  work beg ins  3 t  a s i t e ,  t h e  1;;: r u s t  .:cn:ur i n  !hc Y ' s  I 
proposed  r e y e d i a l  a c t i c r !  p l a n .  FeH c f  t h e  i d e a s  and appros:ch.cs I 
w h i c h  t h e  N X  can  o r  w i l l  f o r n a l l y  c o r , s i d e r  a t e c h n i c a l  p l an  01' ! 

d e s i g n .  T h u s ,  t h e r e  i s  a d i s t i n c t  p o s s i b i l i t y  t h a t  t h e  Ki;C w i l l  nz; I 
a c c e p t  a p a r t i c u l a r  DOE p roposa l  a s  d e s c r i b e d  i n  t h i s  r e p o r t .  The @OE I 

i d e s c r i b e d  i n  t h i s  r e g o r t  ha.lre been f o m a ; ! y  p r e s e n t e d  t G  t h e  I,--,- !i.* 

t h e  c o n t e x t  o f  a s p e c i f i c  s i t e  remedial  a c t i o n  p l a n - - t h e  o n l y  h a )  i n  i 

f h a s  a t t e n p t e d  t o  avo id  such an event by c o n t i n u i n g  techncioGicd1 
d i s c u s s i o n s  w i t h  t h e  h R C ,  aimed a t  d e f i n i n g  and i d e n t i f y i n g  genera!  
?.ethnical a p p r o a c h s s ,  such a s  t h o s e  c c n t a i n s d  i n  the  TA3 an3 t h ?  ';:: 

! S t a n d a r d  Review P l a n  ( K E C ,  1986) .  i 

Remedial a c t l o n  p l a n n i n b  a n d  iTvle : -? r . ta t ion  on t h e  Ui,tTF'.:+ Fi-cjc::  
i s  done i n  t e r n s  of a nunber o f  p r o j e c t  d o c u w n t s  !hat descr-::.? 
t e c h n i c a l  a p p r o a c h e s ,  p r o c e d u r e s ,  and rce?hods. The f o l l o w i n g  p r o j s c t  
docum?nts h i l l  soon be updated i n  o r d e r  t o  br ins  then! i n t o  l i n e  w i t ' :  
t h e  new d s r a n d s  of  t h e  E P A  g roundwate r  p r o t e c t i o n  s t a n d a r d s .  I n  t t ; a l  
t h e  i n t e n t i o n  i s  t o  r e f l e c t  t h e  f i n a l  vers ior !  o f  t h e  s r a n d a r d s  ir!o 
these d o c u m n t s .  i t  i s  l i k e l y  t h a t  P o s t  h i l l  be p u b l i s h e d  only a f t e r .  
t h e  p r o m u l g a t i o n  o f  the final s t a n d a r d s .  

o T h e  T e c h n i c a l  Approach Document. T h i s  d o c u w n t  d e s c r i b e s  t h ?  
t e c h n i c a l  approaches  ag reed  t o  by a l l  U M I R A  P r o j e c t  pa!-t iciLar.t :  
( D O E ,  K R C ,  and s t a t e s  and t r i b e s ) .  

o . T h e  UXTE; P r o j e c t  S i t e  Kanacjmnent Manual. T h i s  docuwr l t  dpscr i t . ? :  
s t h e  p r o c e d u r e s  and p r o c e s s e s  f o l l o w s d  t o  t a p e  a s i t e  r e r e 6 : a l  
a c t i o n  p l a n  from i n c e p t i o n  th rough  tJRC concur rence  a c i  
c o n s t r u c t i o n .  

o The UMTRA P r o j e c t  S u r v e i l l a n c e  arld Maintenance P l a n .  T h i s  docu-cr! 
d E s c r i b e s  t h e  cjeneral a p p r o j c h e s  adop ted  t o  r ron i to r  a s i t e  a f t e l -  
c o n s t r u c t i o n  o f  t h e  ren?c' ial  works,  ana t o  i ; r ? l ecsn t  av;; necess2r', 
m a i n t e n a n c e  a c t i v i t i e s .  
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17 .0  SUBPART B COMPL 1AI:CE 

President h c g a n  signed the UMTRA A-cndRents Act of 19.98 i3to lai; 05 
Noveirber 5 .  !9%. Tne law extends the Congressional deadline for clear:: Z C  
sites from 1990 to 1994. In addition, the Act authorizes the Secreta!--- o f  
the D3E to p e r f o m  groundwater restoration activities in terms o f  the U!;:k: 
Project "w i thou t 1 i mi tat i on. " 

In pursuit of Subpart B compliance, the DOE has defined possible 
groundwater coepliance strategies at each M T R A  Project site and est.lrr?te: 
the cost of the likely remedial work. Technologies being considered bj the 
GCE include: 

o Extraction of contacinated srouniwater with wells 01 trenches. 

o Trcat!xnt of contaxinated groundwater prior tc discharge 01' reinjirticr 
i c t o  an aquifer by various r,ethods including chemical treat-<:.:. 
t:olog:cal treatrenr and pnjcicai separ;..tion u s i r , g  evaporatioc pon:~. 

or permcable treatcen: beds or he1 1 s .  
o In situ treatrent of contaT;r ated groundwater using lixiviant injc;ct:cr. 

o Discharge of the conta-jqated grouneiiater followirig extraction. rv 
extraction and treatmc:;, cy one of the following methods: discharsc 1;. 
surface water; infiltraticn: injection in shallex wells: injecticn jr. 
deep wells. 

o E-ploynen: of natural flush,-ly a5 a pas:ive restoration methc3. 

t ec hn i c a 1 ev a 1 L' a t i 3n s . d i sc u s s i on, and p 1 ann i c; a TF r k z  a. r e  : . .  Add i t i ona 1 
before site-s?ecific recediai Flaps car! or  will be finalize<. 

The DOE has corpiled preliminary cost estimate; of Subpart L. 
co-2i 1 ance. Depending on the details of the final EPF groundhaici- 
Drotection standards, as prorulgated, the estieated c9st could rancje f r c -  
5323 million t o  one billion dollars, or about as much as the current C"::A 
Project budget. 

In accordance with its stated policy. the DCE will hegir: plancir.; ar .2  
is;le-enting Subpart E ctiryliance (groundwater restora?ici activities) crl:.c- 
the final groundwater protection standards are proaulqated by the E P A .  
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Federal  Register I Vol. 52. S o  185 / Thursday. Sep tember  24. 198: / Proposed Ru!rs -- s-5cm -- 
ENVIRONMENTAL P A O T E C n ~  
AGENCY 

40 CFA Pert I97 
[FR 3227-51 

S b n c h r d o  fo(  RemedW Actions at 
IMC~JW Uranium R m n g  Stm 
AGEMI: US. Enrimnmental Protection 
Apency. 
A-IC Pruwsed rule. 
~~ 

WUYARI: The Environmental Protection 
Agency is proposing health and 
enviruim~entai repiat ions to correct and 
prevent contarninetiun of ground water 
beneath and !n the vicinity of ins::ive 
Waniurn pmcessing sitea by uranium 
tailings. W.4 issued regulations (40 CFR 
Part 192 %;37arts A. B. and C) !or 
cleanup and diSF05al of tailings from 
these sites on January 5.1983 These 
new renu!atior.s w o d d  replecc ex:sting 
pruv:siuns at 40 CFR 1 9 x o i a )  (21 and (31 
that  -: ere remanded by the Tenth Circuit 
G,VI of Appeal8 on !+kpternber 3. 1985. 
The) SP proposed pursuant to scction 
275 of h e  Atomic Enem Act ( 4 2  U.S C. 
a":. as amended by Section 206 of the 
Urawum htill Tailinps Radiarion Con%! 
Act of I T 8  (Pub. L O W )  (ChllTC.4). 

tailings at the 24 locations that qualify 
for remedial action under Title I ol Pub. 
L 05-604 They provide that tailings 
must be stabilized an6 controlled in a 
manner that permanently eliminates or 
minimizes contaminati,m of pound  
water beneath stabilized tailings. 8.0 n 
to protect human hen[* and thy 
environment They also provtd.? for 
cleanup of contamriation that existed 
before thr tailings are stabilized. 
DATES Commntr Comments on l ) l i B  
Notice o! Proposed Rulemalung will be 
accepted until Octobm 28.198:. 

Heorin2 A Public Heanng will be 
held on October Z9.1987 a1 %oO a.m. 
(see belo&). 
ADDRLSSU: Comments Commen!s 
should be submitted (in duplicate i f  
possible] to: Central Docker Section 
(LG1301. U.S. Environmental Protection 
Agency. Attention: Docket Number R- 
e:*. Washinpon.  DC W .  ?he 
Docket is available for public inspection 
between 8:W a.m. and 3:oO p.n. .  hfonday 
through Fnday. at WA's Central D-dret 
Section (LE-1301. %est Tower Lobby. 
((31 hi S t y e t  SW, H'ashingfcn. DC A 
cemonable fee may be charged for 
c o p i n g  

Hrorrnp A Public Hearira will be 
held a! the Strater Hotel. 639 Main Ave.. 
Durango. Cdoradr,  91301 Requcits to 
participate should be made in writing to 
Floyd L Galpin. Acting Director. Criteria 

The regu1atior.s wou!d apply to 

and Standards Khvision (A\'J?-460). U S  
Envinmmental Rotection Agency. 
Warhing!on. DC 2M60. All requerts 
should include an oullme of the topa ID 
be addrebsed and names of the 
participants Oral presentations should 
be limited to a nraxirnum of 30 ninules. 
Presentations may el60 be made wihoal 
pnor notice. but may be subpckd  to 
tine conuaints at  the dmret ioa d the 
heanng officer. Written commer,tJ c a d r  
during or in conjunction with the oral 
presenta!iom will be accepted a f t u  the 
hearirq for e period of time I J  k 
announced at h e  heanng. 

Kurt L Feldrnann. Guides and (literis 
Ernnch (.4\X7-460). Office of Radmbon 
Programs. U.S. En\ironmentaI Protection 
A g e n c ) .  Nashinpton. DC W. 
telephone nuniber 1202) 4 3 4 6 %  

SIJWEMTARY IMFORYAWML 

L suppoomng Documen1 

FOR N R T M E R  IWFORUATIOM to#l*cf: 

A report ("Draft Background 
Information Docurnent-ProDoeed 
S t a n d a d  for the Control of 
Con:amma:ion in Ground Water in the 
Vicinity of Lqactlve Uranium MLU Sites." 
ELPA 520,'11-8?44! has been prepared U 
support these proposed regulations. 
Sinele copies ma) be obtained h m  the  
Prcgram hfanapment  Office (AXR-458) .  
Office of Radiation %%rams. 
Enviranmental Protection Agency, 
Washington. DC zM6o.IX2) 47S8386 .  

The report contains a bnef history of 
the Title 1 s:tes. a summary of the types 
a d  gusnttties of ground-water 
contamination present nt sites for which 
such da!a are available. where urd over 
what p-nod of time the contamination is 
pmlected IO drspersc in the absence of 
control. and a descnplion of alternate 
p u d - w a t e r  contamina!ion control and 
cleanup technologies and their 
associa!ed costs An ana!ysis of 
information supporting the d e c i n w s  
reflected in this proposed standsrd 
completes the report. 
n. Scope of this Reposed Ruleuukiag 

On Kovember 8.19% Conpress 
enacted the i i rantu!  Mill Tai!ings 
Radia!ion Control Act of 1S8.  Pub L 

In L3CIRCA. Congress enuriciakd its 
fmding that uranium mill tailings". . . 
may pose B potential and significant 
radiahsn health hazard to the P L ! I C  
a n d .  . . b a t  every reasonable ffon 
shou!d be made to provide for 
stabilization. disposal. and contra1 in e 
.ere and :nvimnmentally sound manaer 
of such lsilings in order to prevenl 
minimize radon diffgsion into the 
environment snd to prevent or rmnimire 

(henceforth called "UhTTP.C.4"). 

other ecvirunmental kaza-ds frcm such 
t.ilq?s." The Act directs t he  
Adnin:strator of It..e Environmrntal 
Pmtection Agency,(EP.LtI to set ". . . 
atnndsrds of g2ner8l spplicatioc for the 
protection of the public hee l~h .  safety. 
and the environment . . .*' to go\ ern 
thin process of stabil iznbm. disposal. 
and control. 

L'hm.CA directr the Department of 
€new [DOE) to conduct such remedidl 
actions at the inactive uranium 
processing sites a s  will insure 
compliance with the standards 
established by EFA. This rerned;J! 
ection i s  to be selected and performed 
with the concurrence of the Kuclear 
Rqu la to r j  Commission (NRC). 

Standards are required for two types 
of remedial action: disposal end 
d e m u p .  Here disposal 18 used to mrdn 
Ihe.operation which places tailings i r .  a 
permanent condition that hijl minimizt. 
nak to peopie and h a m  to the 
environment. Cleanup 18 the operation 
which elirainates or reduces 10 
acceptable levels the potential hea!:h 
and environmen:al consequences of 
tailinps or thrir consti!uents that h a v e  
been dispersed from tailtnps piles b\ 
netwal forces or people pnor to  
dxposal.  

On January 5. 1983. EPA promu!pd!rd 
final standards lor the disposal and 
cleanup of the inactive mill tailirips sites 
under UhfTRCA (48 FR 5901 These 
.candards were challenged in the Ten!b 
Omit Court of Appebls by seterii! 
parties (Case Nos 63-1014 83-lN1. 83- 
1Lo6. and 83-1300) On Septembc.: 3 
1985. the court dism:ssed all challenges 
except one i t  ret aside the ground.wdtrr 
provisions of the regdations at 40 CFR 
192.2O[a)[?)-(3) and remanded them to 
EPA '*. . . to treat these toaic chrrricai. 
h a :  pose a ground.w.arer risk a s  i t  did i n  

b e  active mill sire regulations '' 1Yirh 
this notice. Ep.4 is proposing new 
regulations to replace those set aside 
a. Summary ol Eackgmund Information 

Beginning in the 19;u) 8.  the C.S 
Government purchased large qaantit:vs 
d uranium for defense pu.-poses As a 
+esuh. lsrge piles of tailings wpre 
m a t e d  by the uranium milling industn 
Tailings pilea pose a hnzard to ~ G ! J : . z  

health and the environment beraczc: 
they contain radicactive and IGX:C 

constituents which emanate r;rdor, to tCc. 
mtmosphere and may leach into proua? 
r a t e r .  Tailings are B sand-lihe ma:eridl. 
d have also t e e n  removed f ro5  
tailings piles in the past for use 11: 
m . s m c h o n  and for soil conditionxp 
Tbese uses are inappropriate. becauL+. 
tl-e mdxact ive and toxic C O - ~ S I ! ! U C ~ ! ~  o! 
tailices may elevate indoor rador. le\#, i> 

r 

I 
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expore people to gamma r:id:atwa und 
l e d t  into ground en.! .-:=e ws:ern. 

bioot of there m:i.i d x  now mackve 
and mac) are a h n d o n e d  G~~_zresr 
designated Z specific inactive s i t u  ir: 
Title I of L'MTRU and the DOE 
s&seqLc2!iy added 2 m o r e  Most o l h a  
urani.;r, tailiw sites are regulated by 
the hRC or States under Title ll or 
UhflRCA [DOE owns one irac!ive aite 
et Monticello. Utah. that is not mclr;ded 
under UMTRUI). The  T i h  I oiler a m  aO 
located in the West predominandy in 
arid areas, eacept for a ungle site a t  
Canonsburg. P e m y l v a n i a  T e i L q s  
piles at the inactive rites rairge in area 
from 5 to 1s a m 8  end in hei&t h r n  
only a few feet to a s  much ea UO feet. 
The amount at each site ranges h r n  
residual contamination to 2.7 mi:llon 
tons 04 tailings The 24 desigrated TiU? I 
sites combined conlain about 25 J X ~ ~ : O I I  
tons of tailings covema  a totai of about 
loo0 acres. 

T h e  dispcna! of tailing3 at these sI!es 
is  currently being carned ou! by DOE 
under the promsiora of Dtle I of 
UMTRCA. Ln addtion. tai!mgs h a !  were 
drspened From the piles by natural 
forces. or that have  beec remov?d for 
use in or around bui1d:ngs. or on land. 
are being r p b m e d  and replawed on the 
tailings piles pnor to their disposal. 

L'MTRCA r c q u i m  that DOE complete 
a!l thest rernediel achons within 7 y e a n  
of the effective date of Ep.9'1 i t a n d a d s .  
that is b l  March 5.1990 Remcdial 
actions h e w  been completed at the 
Canonsburg Pennsylvania. pile. the only 
site ifi an area of high precipitation. and 
at  Shiprodr. New Mexico. Remedial 
actions am cumntl! well advanced at 
two other sites' Salt Lake City. Utah end 
Lakcview. Oregon. Work ir eapected to 
begin at approumately six oth'err dunng 
1W-1m In view of the rate of 
progress with remedial w o h  the DOE ir 
requesting a legislative cxteanon of the 
comp:enon date until September 1993. 

The mwt important hazerdour 
conitituent of wanium mill taillngr ir 
radium which is radioactwe. Other 
pctent:aHy hazardaur rubstances m 
tailings piles indude ~ r g e ~ ~ e  
molybdenum. u?lmurn uranium and 
usually in lesser emounta a vanety of 
6ther toxic 8ubstaamr The 
uxlcentratiunr of these matenab  vary 
fmrn pile to pile. ranpiq h r n  2 to mom 
than I00 times app!icahk s tandarda 
A~lboqh a v m e t y  d o g a n r u  .re 
h o r n  to habe been ulvd I: Ciese YW. 
ncxw has t b t ~ r  lar been d e t e a a l  y1 
t8llmgB. 

Exposure l o  radioactive and totcic 
subs tams  m a y  ca'ase user and o h  
d:sraser. as wdl a i  genebc damage and 
teretoeeruc effects. Tai:hgs pose n e k  
to heal:b h u e  ( I )  Radium m tailings 

h y s  into r a d w  a gaseous radioactive 
dement n hich is easily transported in 
ai:. a : . i  - h a w  radioactive decey 
p r o d x a  m y  ladge in the lungs; (2) 
indiri.dualr n a y  be duectly exposed 10 
gamma radialroo horn the radioactivity 
in tekngr and (3) r a d o a d v e  arid toxic 
rubstances iron tailmgs m a y  leach icto 
water and then be ingested with f w d  or 
whter. I t  u the lasi d these hazards mat 
is primad) e d d r e s s e ~  here. [ > ~ h u & h  
F A O ~  from redurn LO ground water 19 
unlPely to pose a hazard in these 
locai lmr.  h e s e  proposed staodtxds 
would also addreer that potential 
hazard.) The other hazards are covered 
by eustira proviaionr of (0 CFR Part 
lgz 

We have based our analysis on 
detailed mports for 12 of the 24 inactive 
t irankm mill tailwas sites that have 
been developed !o oate for the 
Department of Energy by its contractors. 
R e l i m m a q  data for the balance of the 
s:tes have a b o  been examined. Tbese 
da:a show Lhe! the volumes of 
contarniaated water m *e exielrng 
aquifea at the 24 sites range h r n  3 
millian gallons to 4 billion gallons I r r  a 
few iratances. mill effluent was  
apparently the role source of t h i s  ground 
water. Each of the I? sites examined in 
dc!ail have ground.waler ccnleminatior. 
beneath andlor beyond thf site. In some 
a s e s .  the ground water uppradient of 
the pile already exceeded EY.4 d r i h n g  
water standards for one or more 
contami?ants. thus making i t  msuitable 
for use a) d r ; n h g  water e n d  in some 
exttrrne cases. for any other purpose 
before it  was contaminated by efliuent 
from the mill Some contarmnants h u m  
the taillnpa pilei arc m o w q  offsite 
quickly and others a= moving slowly. 
The time for natural flushing 3f the 
contaminated pomons of Lhese squifen 
i s  estimated to vary from several yearn 
to many huridredc of yearn. 

identified in the ground water 
downgradien! iivnl a majority of the 
sites d u d e  u.contum. sulfate. w n .  
manganeue. r.!ate .  chlonde. 
molybdenum. seioniwn. and total 
dlesolved rolidr. Radium cobalt. 
arsenic. fluonde. chromium. cadmium. 
a m c n i m  boron vanadium. lead. 
thorium. &.it. silver. copper. and 
m q n e s i u m  have a h  been found in the  
ground water at one or more sites 

L w c . 4  requires that the rtandards 
esteblished mder Title 1 prowde 
protectmn that is conustent. to the 
maum(lrn extent pracaceble. wih the 
requirements of the Resource 
Conservation end Recovery Act 
(RCRA) In this regard. reptlations 
established by EPA f.u hsta&;s warte 
disposal s i t c ~  under RCRA provide for 

Contaminanti that have been 

the OpedIiXtiOn of ground-water 
protection limits for the rpeiific 
bluerdous constiturntr reievant to eak h 
regulated unit in permits These 
regulstionr contaiii general numrncal 
l i m i t s  for same mnstituen!s in grvund 
wa te r  limits for other const:tuen!s are 
ret at their ixclqround level i n  ground 
wafer at h e  r ep la l ed  unit Topt=:hpr 
with a provieion for the point of 
C V ~ P ~ ~ W L T .  these limits become the 

standard. unless alternete conrrntra!ion 
limits ( A C k j  are approved ACLs IXT.~! 
be requested based upon data which 
would support a determina:ion tba! .  i f  
the ACL ir wtisfied. the cons!::urnt 
would not p m e n t  4 current or potential 
threat to human health or the 
envmnmenL 
IV. The Reposed Standard, 

facility'r ground-water protection I 

T h e  pnposed  rrandards cons:s: o! 
two parts. a firs1 pari poverninc the 
control of any futurv p u n d . h n l c r  
contarninnlion that mily occur from 
teilirlgs pilei after dsposni and a 
recor.d part b a t  appiies to the cIi,dt-!;Ip 
of ccntarnination that occurred below 
ci~spunal of the tailings piles 
A ' IXP Gmund-M's;er Standu.-i,C,: 
D i s p x d  

The praposed rtandard ( S u b p r t  A ]  
ior m n m l  of potential contaminant 
releases to gmund water after dispoh:i! 
is bvided into two parts that rcparetrl) 
adiirerr acbons to be c a m r d  3 u 1  d w r c  
penod of time designated a s  the 
remedlal and post-disposal periods Thr 
remtdial and post-disposal periods are 
defir ed iii a manner ana lqnus  to t t i  
cloiLre and postt losure penods. 
m p r c b v t l y .  in RCRA rep~la!ions 
Hcwever. there are some differpnxg 
regarding thtir duration and thp timinc 
of any comctive actions that may 
become neceswry due to failure of 
bSpO881 to perform as des:gnrd 
(&wuse there are no mineral 
processing activities currentiy et thrsr 
inac!ive sites. ctondards are not npedr j  
lor an  operational period.) The remrd.d  
period. for the pu-pose of this regulation. 
is defined as that penod o! t!me 
&inning on the ef!ective date of the 
onptnal Part 19: (T i t le  I! standdrd 
(March 7.1983) ana e d n c  n : ! h  
compiebon of remedin! sctions b) DOC 
The post-dJsposal pwiod begizs wltt: 
complrbon of remedia! att1or.s end ends 
after an appropna re period for thr 
monitoring of ground water to confim 
the adequacy of the dispora! hS 
determined by h'RC f i x  each si:e Thr 
p w p o s d  pmund.weti!r sti+sd;rd f o r  t k t ,  
disposal to be carned out durinc tn'. 
remedial pcnod adopts relevdnf 
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paragraphs from Subpafi F of Part 2M of 
this Chapter %.92-36.1.951. The 
proposed stiindard :or the post-disposal 
period adopts i 234.111 (81 and (b )  of 
this Chapter. and alsc incorporates 
p m i s i o n r  for monito.ing and a 
c o m t i v e  action pmgram. These 
provisions are  essentia1)y the same a s  
those governing the licensed (7'itle 11) 
uranium mill tailings sites (a CFR 192. 
Subparti  D and E ree alro the Federal 
Register n o h w  for these rtanda:ds 
published on April 3,1683 and on 
October 7.1983). However. additional 
constituentr are hem propased to be 
regulated [in s d d i b m  to the ecneral 
RCRA list of hazardous conswuentr a n d  
table of applicable limits] that are  
applicable to these oiler ody.  

require instailetion d monrtonng 
s; s:rms u p p d e n t  of the pomt of 
campliance 1i.e- in t h e  uppermost 
eqlr:!er upgadlent of the e,Ge of the 
ta!l;ngs d:sposal slle) to determine 
bchpround levelr of any listed . 
constituents that DcNr naturelly at the 
rite The d i s v s a l  would then be 
designed to contmol. to b e  eatent 
rpawnably achievable for 1(xx3 y e a n  
and in any ca%. lo: at loast 200 y e a m  
all listed wns!iiuents identified in the 
tailiaps at the si;e to levelr for each 
constituent derived in accordance wLh 
4 3% 45. A c c o w y .  the elements of 
tbe gnxmd-water protecbon standard to 
k rprcified for each disposhl site would 
include a list of relebant constituents. 
the cOnCenCation limitr for each ruch 
consutuent. and the compliance point. 

the DOE would have to provide data to 
rupport a ~ i c t n g  hat  the presence of 
the constituent at  the proposed ACL U i  

ground wutw at the s:te would not pose 
I substantidt pre6ent or potential hazard 
to human health of the environment. 
ACLs could be granted provided the!. 
after considenng p r a r x a b l e  corrective 
actions. a determination can be made 
that i t  satisfier the lower of the values 
e v e n  by the rtandsrd for setting ACLs 
in 8 %.WIb). and the corrective achon 
that i s  a s  low a s  reasonably acbievable 
(ALAR4). 

The standards of Title D rites require 
use of a liner under n e w  t ~ i l t n g i  pi!es or 
lateral extensions of existing piles. 
These standardr for remedial action at  
the iriachve Title I ri!m do  not contain a 
umilat prowsim. We arscme that the 
inacbve pilei r i U  not need to be 
en laqed .  Several. however. wlll be 
relocated However. unlihe tailings a t  
the Tice ll sites. which g?nera!ly n a y  
contain large amounts of process w a t u .  
the inactive tailings coiitain littie or n o  
free water. Such tailmgs. :f prcper!y 

. 

Thew prjpcsed rpgulation9 would 

To obtaui an  ACL l o r  any constl!uent. 

lorated and stablized w;th an adequate 
cover. are not IAely to q u i t e  a liner in 
order to protect ground hafer .  

However. a liner may be required to 
satisfy the proposed ground-water 
rtandardr in situations where tailir4s 
now. or may in tl:c f-;tu;e. cm!ain water 
above the lev1 of specsf:: Elention. For 
eumple .  tailings to which water IS 
added 10 fanlitate their removal to a 
new site (i.e.. through r l u q  inpl or piles 
in areas of high Frenpi:atiun or within 
the zone of water table nuctuauon could 
discharge contaminants lo ground 
water. Under 9 1 9 ~ , a l ( : l  of these 
proposed atandardt. i t  would be 
necessaq  for the DOE with the 
c o n c w n c e  of &he SRC. to propose and 
carry out a dsposal  design III ruch 
circums:ances which uses a liner or 
equivalent I O  a s s u e  thal ground water 
would not be conlam;ns!ed and. at  the 
same t ine .  satis!y h a  existing 
requiremerits of thme staadbrds for 
control of radon emsr !ons  ln ruch 
circumstances. this may be 
accomplished by bs:a!l!ng a lmer 
beneath the tailings whose permeability 
io greater than b a t  of the caber 
material. Lf the t a i l i q s  form an acid 
mlution when m x e d  with hater .  a 
ceuraluing matenal mixed with the 
tailings or edded to the 1ir.w are 
addrtiooal methods that ma) need to De 
conmdered to fix l is ted wnstltuent) in 
the immedrate vicimty of a pile. In 
additJon. a capi l lcy breah ma) be 
necessary to prevent migztion of water 
into pile from below. Currently. 
however, D O E  plans d s  not mclude 
rlurrylng any t a i l q s  to move them to 
new location6 Further. for all but one 
rite that has ulread) been closed 
(Canonsburg). the tailings are located in 
a n d  areas where annual precipitation is 
low. 

Dirposal d e s i p  which prerent 
migraoon of Lsted conebtuents in the 
ground water for a short period of time 
w o d d  not provide appropnate 
protecooa. Such approaches simplb 
defer adverse g r u d - w a t e r  effects. 
Therefore. m e a s u m  which cnly modify 
the gradient in an a q d e r  or m a t e  
b a m e n  (e.8.. rlw wal!ej would not oi 
themeelves provide an adequa:e 
daposal.  W h e n  fearible. i t  may be 
appropriate to protect ground water by 
preventing generation of leachate 
conteinlnp listed Constltuentr. A method 
!hat appears promising ir fixing the 
constituents m situ (m place) IO they 
cannot be leached out. In situ beatmen! 
of c o n s t i ~ u e n t ~  may be considered 
analogour to removal when i t  provides 
long-term protection of human health or 
the environment. While h e  Agency 
recogniter that in situ treatment is an  

- .- 

emerping technolop!. appiied in or.'! 
limited circumstances to &!e. i t  sh.'. ::! 
be considered whew i t  can pro\ id,, . I T  
tffective ground-water p r o t e c t m  
8trateg). 

when disposal and ony clcan:F rzq:i 
under Subpart B has been C O ~ F ' ! . ' .  :!' 
ground w a t e n  w.culd be requixd :J i-* 
in compliance with the s t a n d a d s  
estab!ished pursuant to ~ b e s r  
reylat ioas .  Dunng the posi.d.,pG..:; 
period. the wguletions would fu:tkt,r 
require that methods used for dis: 
provide e reaeonable expzctatlm tr.-t 
the provisions of 0 284 111 (a)  and : I 3 !  

will be met. Paragraph ?E; ; I I ; ~ ]  
requires that a site be closed in d 
manner that minimizes funtwr 
maintenance Ptlragrapb :M I I I : ! ~ ;  
wquires contml. rninirnitaticn. or 
elimimtion of post-disposdl esca;ic y f  

listed constituents to ground G r  ti,,:!.,. I. 
water to the extent neccse.:ary to p:v\ 1-71 

threat, to human health and thc 
environment. In the context of t h r w  
regulations. thie would mean control 
pursuant to the standards cs:at>;:,t.t .I 
under 1 D :M.9t-ZM.95 DependinF u:: 
the properties of the artes. car.di&lt. 
d i s p o s ~ l  systems. and h e  e l h t s  e! 
natural processes over time. rned>..::-i 
mquired to zeti6b the prqposrd 
standards would vary horn 6 i l C  to 5 * # ,  

Actual site data. computational rnollt.:s 
and preralent expert ludgmrnt u o ~ l d  br 
u e d  in deciding that proposed mt,d\d.l.s 
wili satisfy :he rtendards Llndrr 1k.1. 
provisions of W C I I O ~  lm(a) of 
LWIRCA. the adequar) of thew 
judpments would be determined b) t ! !v 
NRC. 

D m n g  the post-disposal penod. 
monitonng of the disposal would bv 
required for a penod sufficient to \e : , i : ,  
the adequacy of the disposal to echit\r .  
i t s  design oblectiver for containment V! 

listed cmsbtuents Thia penod 13 

intended to be comparable to the t . w  
period required under 4 Zb t  117 for 
u a s t e  sites rpgulated under RCR.S 1: I- 

I few decades). I t  ID not intended ihClt  
monitonng be carned out for the 200- t o )  
1 W y e a r  period over which the 
dispoial is designed to be effer.ti\e. 

rite appeared dunng the p o s t . d ; ~ p ~ , ;  - - -- - - 
period in exc23s of the gr0und.watt.r 
etandards for disposal. the prcposl-l 
rqu!a!ionc would require a conec!i'. 
action program d e s i g e d  to bring 15, 
disposal and the grcucd water bock :- .  * 

compliance. Such a corrective ac::on 
would have to last a s  long a s  IS 

necessary to achieve con!orrr,anr b. t%:. 

the ground-water protection stand ..- : 
and includp a mod:fica:ion of th+  
monitonng program sufficient ~ I J  

At the end of the remedial perio,! ; .  a \  

i 

* 

If listeo constituents from a d:sp.J<.,l 
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demonstrate that the cormrive 
m e a r u r a  wll k permanently 
ruccersful. 
Additions! RefuLtnd Coartiturmk 

For the purpose of thir regulation 

addibon to the hazardour constituents 
relerenced b) 4 -m3. mol.bdenum. 
nitrate. combined r o d i w - 2 6  and 
radium-= s n d  combined u r a n i m - w  
s n d  u ran ium-3a  Molybdenum radiun 
and uranium were eddreased by the 
Titie U r t a n d d r  brcausc tbese 
radioactive and/or  t o u c  constituento 
s r e  found in hi& concentrationr at 
man) mill tailings riter &vote ir 
proposed for addition becsuse it hac 
been identified in concentrations far in 
e x c e u  of d n & q  water rlandaFd8 LO 
ground water at a number of the 
inaitibe r l : a  

The p ropxed  concentratLon h i 1  for. 
molybdenxn in p u n d  water horn 
uraniilm tohngr  i r  0.10 rorllyram per 
liter. Thir ir the value of the p t ~ ~ u i o ~ l  
adidsled acc~?pteble dad) intake [MI) 
for drinking water developed by EPA 
under the Safe Driniicg Water Act (50 
FR 46958) The .%en;) has proposed 
neither c m a u m m  concentrauoo Lmit 
goal (LIL'LC) no.- a maximum 
coocentr4tion limit (MCL) for 
mol) tdenum becailse i t  occuro only 
Infrequently in water According to the 
most recent report of the Sa:ional 
Academy of Science# (L)rinking Hble t  
ondHechh. 198Q Vol no. molybdrnm 
from drinking water. excep! for highly 
con tmjna ted  sou;ccs (e  g. molybdenum 
mini- was t ewa~er )  i s  not lihely to 
constitute a ripificant pornon of the 
t ~ t a l  human intake of thir element. 
However. since uranium tailirgs can be 
o hig!dy concentrated nource of 
molybdenm.  it is appropnate to indude 
a rtandard for moljbdenum in t)us 
propowd rule. ln addition to the hazard 
to humans. our analysis of toxic 
8ubs:ances in tailings in thc Final 
En, ironmental Impact S!aiement for 
Remedial Action S:ondards for lnactive 
Uranium Processing Siter (EPA SPIC 
8=d'l>1) found t h a t  for ruminants. 
molybdenum in wncentmtions greater 
ther: 0.5 ppm in drinking water would 
lesd to chroitic toxici 

The p m e d  lirnil?or combined 
-uraniumZ34 and uranium-= due to - 

contamination fmm m u m  tai l inF is 
3) pCi per liter At fhir mwxntrahon.  
tbe estimetod l i b t l m  radiotion nsk uf 
fatal cam -Id be the vme aa thot  
f a  che e x i s t i q  gmmd WOW rrendmd 
for c m b m e d  radinm-228 ond rediurn. 
2 3  IS pCr po Liter) 1% rn Wl. bsd 
on dose a ~ e s s m e n t s  for Irtgerkm as 
d e t e t m i n d  by the krtrmstioPlal 
CorrU~!:r icm un R , M @  Ftolectmn 

only. ch4 Agency prupea  to regulate h 

nir proposed limit would 8ppfy lo 
romedial actions for uranium tailings 
under these regulations only. the Agency 
hrr R O ~  made a propoH! for a genera! 
rtandard for isotopes of u m n i m  in 
water. However. this limit is within the 
range of values crvrentfy under 
considerstion for dmtLing water. 
The prupased concentration h i !  for 

nitrate (as aicrogrnl u 10 a q  p e r  Irter. 
Thir  ir the value of the intenm chnking 
water rtandard for nitate. 
6. The Cleunup Stadurd  

With the exception of the point of 
compliance provision. the proposed 
rtandard [Subpart B) for deanup of 
contaminated ground water contains 
identical basic provlsions (I 8 %.92-.Wj 
a i  the s:andard for difposa) in Subpart 
A. in a d d i t i m  i t  p n r l d e s  for h e  
establishment of supplmental  
r tmdards  under wrta in  conditions r n d  
far use of institu:ional control to permit 
passive redioration through natural 
flashing when no conunurut~ d n n k  
water source LS involved. 

point of compliance for the deanup  of 
ground water that bas been 
contarnina:ed by residual radioactive 
materials from uranium niiLng before 
final disposal. Instead. the "point of 
comphance" IS an) porn! where 
contamination i s  found in the ground 
water. The rtandaid requires DOE to 
ertablish a m o n i t o n q  program to 
determine the extent of contamination 
( 8  192.1Z(c~1)) in ground water around a 
procesring site 11 19?.11(b)) The 
possible presence of any of the 
inorganic or organic hazardous 
constituents identified in tailings or used 
in the procesung operation should be 
assessed. The remedial action plan 
referenced under f In?3)[b]l4) would 
document the extent of contamination. 
the rate and b r e c t i m  of movement o! 
contaminants. and consider Future 
movement of the plume. 
The proposed cleanup standards 

would normally require restoration of all 
contaminated grocid water to the levels 
provided for under 4 264.94. These levels 
am either bachgronnd conmtrat ions.  
the levds specified m Tables 1 and A. or 
ACts. In cases where the p n d  w ! e r  
ir not c1assifid a 1  Class In. any ACL 

. rhould be determind under the 
assumption that the ground water may 
b psed for dnrAing p?ors  
h a . e a i n  c i r c * ~ s t n n c r s  howewr 

ruppiemeatal d a n d e d s  wt eit levels 
that assure. at a minimum. pmtec?ion of 
human health and the envimrment. and 
am as close to meting the olherwise 
applmble s t e n d a d s  as is reaeonably 
a c h i w a b k  b) remedial actions could be 
granted if: 

The standards do not rpecif) a single 

' Ihe ground water at the si!? 13 
Class U1 (See definioors 
the absence of contamina!ion from 
tailings. or 

Complete reitoration would caaw 
more envirorumental harm than i t  w x ! d  
prevent: or 

Complete motoration is te:hnira!:! 
imprachcnble from an enginre::::u 
perspective. 

Class 111 ground water would apply the 
ground water classification s ! s t m  
established IC EPA'r 19M Ground \vdkV 
Protection Strategy Procedures for 
clessifbinp ground water are prescnttd 
in "Guidelines for Ground-Water 
Classification under the EPE Crrrund. 
b4 ater Pro:ection Strateg>" releasrd I:! 
final draft in December 1QA6 and due to 
be finalized during late 198- L'ndrr 
these d:af: guidelines Class I grc:nd 
waters encompass highly vulnerable 
resources of particularly high va!ue. e fi 
an impiaceabie source of d:iniizc 
water or ecologicall) vital ground H H i w  

Class II ground water include all now 
Class I F u n d  water that ia cunmtly 
used or i s  pcr!entiall) adcqua:e fir 
drinking water C~CISK 111 encompasst.s 
ground waters that are not a curren! or 
potential source of dnnking water due to 
widespread ambient contam:na! lr. 
caused by natural or huinan.indurd 
conditions. or cannot provide enourt  
water to meet the needs of an averdw 
household Human-induced conditions 
would not include the contribution fro? 
the uranium mill tailings At s:tes w::f: 
Class 111 ground water the proposrd 
rupp!emental standards would require 
only such managemen! of contaminatinn 
due to tailings as would be requirtad to 
prevent additional adverse impacts on 
human health and the environpt'nt f r o r  
that contamination For example. if  thr. 
additional con!arnination from thr 
tailirigs would cause an adverse e!!t.r\ 
on Class 11 q o u n d  water that has a 
rignificant interconnection with the 
Class Ill ground water over which the 
tailings reside then the additional 
contammation from the tailings would 
have to be abated. 

appropriate in certain other case$ 
rrmilar to those addressrd in tect:on 
121[d)[4) of the Superfund Amend-??!\--. 
and Resvthoriration Act of 1Z1W 
(SARA). SARA recognizes that cled?:; 
of contamination could sumctimt-b c a x w  
environmental hann dispport :cnatc  to 
the health effects it would o ! h : a : r  F.1: 
example. if fragile ecosystcrs  w x i d  !I+. 
Impaired by any reesonable W S ! O ! ~ ' - : . ~  

process (or by carryirq 9 res!nra!!r-c 
prucess to cineme lenq+s to remube 
rmell amounts of residud 

19' 1 1 i ~ ~ , i  ir. 

The use of suppkmental  standdrdr for 

Supplemental rtandards mey also be 

- 
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involie use of a combination of 
methods. Water can be remored fro- 
an aquifer b y  pumping I I  out throurh 
wells or by collt~c!inc the wa!t.r iro.:: 
intercept twnches. Slum walls can 
sometimes be pur i n  place to con!a:n 
Contamination ana p w i  ent fur :ht . r  
migration of conraminants. so that I! 8 -  

volume of contaminated water t h a t  m::q! 

be treated is reduced. J h e  backFroL-d 

contamination]. then i t  might be prudent 
to protect them in lieu of conpietely 
reslonng ground-water quaiit!. 
Deusions regarding tradcolfs of 
environmental darnape can only be 
based on charactenstics peculiar to !he 
locatian. We  do  not h o w  whe:her there 
ape such sit"ations in the UStTRCA 
program. but we beliere Lhal DOE 
should be peimitred to propose 
supplemental standards in such 
r i tuat iom after thorouzh investiga tion 
and consideration of all reasonable 
restoration alternatives. for CoDcUrrPnce 
by the SXC. 

information. we are trot awgre that at 
least substantial restoration of ground- 
water quality is technicdlly 
impracticable from an engineering 
perspective at any of the desig2d;t.d 
rites. However. our information ma); be 
incomplete We bdieve DOE' should ;.>t 
Ce required to institute actrre measures 
Iha! would compjetelk restore ground 
water at these sites if  such resioration is 
technically impracticable from an  
engineering perspectire. and if. at a 
minimum. protection of human hea!:h 
and the environment is s s s x e d .  
Consisten! with the provisions of S . R A  
for remediation of waste sites gcneraliy. 
the proposed standards w o d d  therefore 
pcmi t  DOE to propose supp1emx1:al 
r tandards in such situations at levels 
ac!!ievable by site-specific alternate 
remedial actions that are technically 
practicable. The concurrence rol? of the 
KRC wouid also apply to auch 
propma!s. A finding of technical 
impracticability from an eqmeer tng  
perspective would require careful and 
e x t e n ~ i v e  dccl;mentation. including an  
ana!)sis of the degree to which 
remediation i s  practiceble. It should be 
noted that the word "practicable" i, not 
identical in moaning to the word 
"praclical." As used here. the former 
meJns "able to be put into practice" and 
the latter means "cost-effective." In 
edditicn to documentation of iechnrcal 
mat tern related to cleanup techno lo^. 
DOE would a!so have.to include a 
detailcd assessment of such s!re-specific 
mattem as mnrmissivity o! L!e geologic 
formation. contamina:it p:operties (e.g.. 

and the exent of confanination. 
Finally. for aquiiers where passive 

restoration can be proiectrd to occur 
naturally nilhin a penod less than 100 
years. m d  where the gmund water is 
not now and i s  not now projected to be 
used for a community water supply 
within this penod. we pmpose to allow 
extension of LL.e remedial 7eriod lo that 
time. provided satisfactorl; instirutional 
coratrol of public use of g r w n d  water 

Bawd on currently available 

.- wirhcirewal and treatability potential). 

and an adequa:e monitoring FTOg:am IS 
established and maintained throuphout 
this extepded remediai period. 

ramrdial penod to pennit re' :lance on 
passive m~!r?r?!!i~n :!xLx;~ ~x:~,-aI 
flushing is based on Lhe lu&mnent that  
no active cleanup is wdmntec! to 
m s t o . ~  grcu.id.water quaiiiy where 
ground-uater concentration limits wiii 
be met within a pencd no p a r e r  than 
1M years through na1u:al pmcesses and 
no substantial use of the water eaists or 
ie prnjected. if  mnstitutional control is 
established that wall effecbvely protect 
public health in L!e intenm. This 
mechanism may also be a useful 
supplement for iituations where active 
deansing to completely achieve the 
standerds is impracbcablP. 
environmc~nrall~ damaging. 0: 

excessively costly. i f  the partially 
cleansed gmund water can achieve the 
levels required by the standards throug3 
natural flushme w:Lhin an acceptable 
extended remediel period. Alternate 
standards would not be required where 
final cleanup i s  to be accon?lished 
through narural CJshing. since those 
established undpr $ 264.44 would be met 
at rhe end of the remedial penod. 

estcblish a hme 1im:t on such extension 
of the rrmedial peri3d to limit reliance 
on extended use of iastitutional controls 
IO control public access IO contamina!ed 
ground water. Following :he precedeat 
established by 0.3 final rule for hi&- 
level radioactive wastes (a CFR 
19l.14Iit)l .  i t  i s  proposed that use of 
institutional c o n ~ o l s  be permitted for 
this purpose only when they will be 
needed for penods of less lhan 100 
years. Olherwise. active res:oration 
rather than passive restoration b u g h  
reliance on natural flushing would be 
required. 

Institubonel controls must be effective 
over the entire penod of time that h e y  
would be in UBP. Zxemples of acceptable 
measures include legs1 use restricbons 
enforceable by permanent government 
entities. or measures with a high degree 
of permanence. auch aa Federal or S!ate 
ownership of the lend containing the 
contaminated water. In some instances. 
o combinabon of inatit;rtional controls 
may have to be used at the same time to 
provide adequate protection. such as 
pmviding en alternate source of dnniring 
water and plecing a deed restriction on 
tbe property to FreVfTt use of 
contaminated gmund water. 
hstitutional contm!s that would not be 
adequatp are measures such a s  health 
advisories. signs. posts. admonitions. or 
any o i h r  measure that requires the 
volcntary cooperation of private parties. 

l?ie proposal lo allsw eatension of the 

l h e  pmposed repldhoas wou!d 

In all cases in which DOE pmpowr 111 

use institutional controi, ~ h r  m r d s i ! ,  . 
must have a high probabiiit! of 
protecting the human health an2 :it- 
environment and must recejie i 1 . v  
concurrence of the KRC. 

Restoration methods for p:or;nd \ \ . g ' *  

include removal methods. H hcrr.:n 16.. 
contaminated water is remoied !rei:. ! *  0 8  

aquifer. treated. and either d i s p o d  
used. or reinjected into the aq-:!,.: iir I 
~n situ methods. such a s  t le sdd,:ruz - 2  
chemical or tiological agents to f i h  tt-$, 
contamination in place. Appropn0:t. 
restoration methods will depend on 

I 
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issuing A C l s  are listed in i26J .WbI .  
EFA’s re@tions under Title 11 of 
UXflRCA provide that the KRC. which 
regulates active rites. replace the EPA 
Regio~isl Administrator fx the above 
functions when any contamination 
pennitted by an  ACL will remain on the 
L e n s e d  s:te Because recaon 1@(a] of 
Uh!TRm requires the C m i s s i o n ’ s  
concurrence w i h  DOE‘s eeiection snd 
performance of remedial actions to 
conform to EPA’s atandads.  we propose 
that the Nuclear Regulatory Commission 
adrninis:er all such functions for Tide 1. 
including c o n c m n c e  on supplemental 
rtandards. 
C. Request ,!or Comment; 

T h e  b e n c y  solicits comment on this 
entire proposed rule. In addition. we are 
particuiari! interested in receivuq 
comnents m d  recommendations on the 
foliowing issues: 

1. Shouid a liner requirement always 
be imposed on tat!ings pilei :hat a- 
moved to a new location? Should D liner 
be required only J the DOE or the %TIC 
conclude that it is needed to ratisfy the 
ground.water standards for diapoeai? 

2. For designated processing sited 
from which t a i h g s  have been removed. 
is a sperific requirement that DOE clean 
up the ground water before releasing h e  
Ihnd to State or private o w n e n  needed 
to assure thar ruch clean”? will occur? 

3. Should institutional c o n m l s  be 
rebed upon. for a limited time. to 
prevent access of the public !o p r n d  
water in order I O  permit-use 01 n a t x a l  
flush.np o! contaminants. as p..oposed? 
If so. what E p e s  of institu!icnaI controls 
rhciuld be allowed? Shoiild these be 
rpecified in t le  rule? Is the proposed 
t:me perrod appropnate? 

natura! Rushing for cleansirq of 
coetarnxants be limited to c3ws where 
romc restora:ion of the ground water 
has elread?. been carned out? Should 
the use of ar. aiterna!e concen3ation 
h i !  i.4CLI be permitted. as proposed. in 
the case of clean up to be achieved !in 
whoie or part) by natural f l u ~ h i ~ g ?  

5. Are the proposed bases for 
supp!smental standards for cleanup 
reasonable and adequate for the 
pbtection of prrblic heel!h’ Should other 
baser be provided and. if so. what are 

- . ---- they? Should the provisions for natural 
Pushing and supplemental i tandards for 
cleanup epply only to t x i s t r a  
contaminat.on or sho~!C the) also app!y. 
os is proposed. to ”nciv” contaninaticn 
duc to failure of t!!c digposal desgn  to 
perfom. as intenc’ed? 

& Under these propoeed s t endads .  
alterndte concentration !im!ts ws.oi~ld be 
concurred in by &e !bTC %odd EP.4 
es:aSi:sh p e n s c  cri:eria and/or  

4 Should the option to make use of 

i 
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guidance g3verning the applica!ion of 
the provisions of I c%.4;[b] of L!.S Part 
to these judgments for these rtandards? 

7. Should E.A publish as pafl of this 
r t a n d d .  a restncted list of p e t  hose 
radioac!ive and toxic constituents that 
arp present at Lhese ~ i ! e s .  or continue to 
niy or. the eiitiie list (supplzmented a s  
pmpored) cf caiss!Gen!s en ioxpa i sed  
by RCRA wgulstior.r? Should rke 
proposed list of additional listed 
constituents be changed? 

8. EPA could consider pub!ishi.q a 
restncted list of lust those ra&oait:ve 
and toxic cons!ituent5 that are pnnc:pal 
contaminants at t h e w  sites accl 
r p e c h i n g  I limit for each of these. 
ucder the a s s m p b o n  that a n y  m n o r  
contam!nan:s would be taken t a re  of in 
the cleanup of these pfnc:pal 
contaminants WIL+ such a restncted ret 
of cons:ituents and corresponding 
complete set of Iimi:s EPA could then 
consider d ropp!q  ~ji2 provisions for 
A C b  and ~ - ! y ~ ~ n g  soiei! on the 
remaining pro\?eioni for exceptlonal 
a s c s  Should EP.4 adopt ibis approach? 

9. Should EPA specify a niin:mr;?l or 
the entire period for postdisposal 
gmund.water monitonna in Subpart A. 
or leabe i t  to b e  DOE and KRC to 
determine t h i s  penod on a rite-specific 
basis. as proposed? If EPA ehould 
specify a penod. what le@ would be 
appropnate to demonstrate 
con!ormance to the &sposal des:pn 
rtandard. and on what basis shouid this 
v d u e  be chcsen? 
10. For tai:inps r ep la t ed  by hRC 

under Title I1 of the Act. section Mial(3) 
requires the 3XC to debelop repu!at:ons 
to conform to generel requireaen!s 
applicable tc the possession. t-ansfer. 
and d:sposal of hezardous matenals 
regulated by the Admimtrator.  Shw!d 
the standards proposed here mcorpora!e 
ruch requirements for tailiilgo regdated 
under Title I? 

uranium coctaminant !imit on 
radioactibliry alone or ohould L+e 
chemical toxicity of aranium result in I 
more restncti\-c value? 

12. Shouiti !he Agency consider 
revisira ‘Se Title Ll regulabons to 
incorporate those pocions o! the Ti!lr I 
regulations that are different from the 
Title U repulatlons. e.g.. the additional 
contaminant limitr in Tab!e A? 

13. Are the estimated costs of 
irnplernenbng these proposed 8:andonls 
iccurate a.;d based on reasonabie 
arsumptions? 

14. What criteria should be used to 
judge “techmcally impracticable from fin 
engineering pe5pecbve t ’  Can and 
rhould these criteria be specified in the 
rule or should L4ey be left to the 
judgment of the Depa;trnent of Energy 

11. l a  it appropriate to bage the 

and the N x l e a r  hepu!a!cr! 
Comm:ss;on? 

15. i h e  criteria proposed here to 
specify ground water as C : ~ S S  I I I  s:.j 
therefore qualified for scpplener.:d: 
r :anddds.  are based or. d:a!: pr~:-s .~:s  
8l:Il under conside:st;on b! ~cie A;rnr! 
Are these m t r r i a  appro9::a:c f u r  ~ L - ; s  
app!ication. or wculd o:ters rn.-rt. 
cpprupnate for use at :hest S . : V S ’  

V. Implementation 
L3flRC.4 reqilires the St.rrt-!a? r! 

Energy to selrci and perform the 
remedial actions needed to implement 
these standards. with the f::! 
participation of any Sta!e that shares 
the cost The hXC must concur wi:h 
these actions and when app:upr:a*e the 
Secretan cf Enev! must alsa c ~ r , c “ : :  
with affecied 1nd;dn tribes and t ke  
$kcretar)- o! !he Iz!rro: 

The cos! of rened:a: actions H .:: tst’ 
borne b) the Federal Govern-zn- a r 2  
the S:ir!e.; a, prescr:Sed b! C\fTRC.\ 
The Ciean.u? of & I r a x d  wa!e: 16 b i d T ! .  
scale undert6k;ng !or which there IS 
relatively Iit:le eaperience Lr0x . i .  
water cor;d:::ons ai the inac!:;e 
process:ng si:es \ a 7  pa!!!. ani! a s  
noted above. eng:neennp eape::enzc 
with some of t t e  required rer.ipJ.-: 
actioni is limited Alhouph. p:p;im!nary 
eng:noenng assessments h d \  e been 
perfo:rned. specific enpineer:?: 
requ:remen!s and costs to me?: the 
ground.water standards at  each si!* 
have yet to be determined M e  b r l i r \ e  
that costs averrrpicp a h > !  12 r.;;i.c:. 
(19861 dollars for each tai:inps site at 
which extensive cleanup is required are 
most :ike!! 

The benekts from the cleanup of th:r 
pound  water are difficult to quant:!) 
We expect that. in a few instances. 
ground water t h a t  was unusable due to 
contaminaticn from tailings p:les acd 
needed for use will be restored In the 

ground water is re!a:;\e!! scarce dur ! o  
the arid condition of the land Howeter.  
most of the contamina!:on at these s . : e 5  

occurs m shd10w alluvia! aqu:!ers. 
which have limited current use in these 
locations be:ause o! their general!! P ~ V J :  
qual13 and the avai!aSi:i!y of be:ter 
water from deeper aquifers. 

standard for protection of ground water 
will require a judgment that the method 
chosen provides n reasonable 
expectatior! that fhe prcc:sions o! the 
Itandare will be met. to Ihe ei!e- !  
reasonably achievable for up to Y i Y  
y e a n  end. in any c a w  for at leas’ 3? 
years This ludgmpnl % I \ ;  necessdr.:> t i # *  
based on site-spcific anaiysrs o! !he 
properties of the s ~ t o s  candida!e 

hpiemcntabon of the d:sposlr!. . - .. 

~ - . . . . _. - . - - . . . . - - . . .. . 
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(ii) To the concentration 1imi:r 

provided in Table 1 of j :".44 of this ,, 
chapter a re  added the c o n s t i t u e n t - h t s  
in Table A of this rubport. 

TIOLL A 

- i  Lmm 

5 e . r  
lpmuI - vrrmtv'1cp(yLI 

b .ET- rr : IS O t L k .  
m-m I 
$ l ~ ~ . o -  
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k..L. I- Ni !C V 'C - 

( i i i )  The Secretay rhall determine 
what listed constituectr are present in 
the tailings at a diporal rite. 

(iv) A moni tonq  p r o p r n  rhall be 
estab::shed upgradec t  of Lbe disposal 
rite adequate to determine b a c h p u n d  
levela of listed constituents. 

( v )  The  Seuetary may p r o p r e  and. 
with the Commission'r concurrence. 
apply alternate concentra:ion h u ,  
provided tha t  ,Iter corsidenng 
practicable corrective actions. the 
Comrrusrion determiner that these are 
as low as reasonably achievable. and  
the: in m y  caae. 4 Bi.M(b] Is ra!isfied. 
and 

(vi) The function, and rrsponribil t ier  
designated in referenced pa ragoph i  of 
Parr 261 of t h i n  chapter a i  h o r e  of the 
"Reg:onal Administrator" wih respect 
to "facility permiti" rhaU be m e d  out 
by the Commission. 

(4) Conply with t !e  performance 
rtandard in f2M.111 (a] end (b] of this 
chapter. 

(b)  The Secr?!ay rhall propoee m d .  
following concumnce by the 
Ccmrmssion. implen?nt I moni:o&ng 
pian. to be cemed  out over I penod of 
tunc which rhall cons!itute the p o s t -  
dispoaa! p e n o d  which is adeqxa!e to 
demonstrate that  imtial pe r fommce  of 
the dirpisal  i q  in accordance wth the 
design requirements of 1 19:.d-ia, 

(c) If the ground-water rtandards 
es!abiished under provirions of 
f192.0?[6) are found or pro!ected to be 
eaceeded. 15 a result af the mcnjtonng 
program es!aS!:rhed for the post- 
disposal period under j 19:.~12;5). a 
corrective actiun program to reitore the 
disposa: to Lbe d e s i p  requirenentr of 
f 192.02,aj and. as necessary. to d e a n  
up ground water in conformance with 
Subpart B shall be p.~!  into operaticjn a s  
roon a s  is practicable. and in n3  event 
later than eighteen (18; months after a 
finding of exceedance. 

* 

Subpart B-Sbrrjerds for Cleanup of 
b n d  and Bulidingr Conbminatod Wlth 
Reddual  Radioactive Yaterlalr From 
l r a ~ t l v o  Urznium Procassing Sltn 

4. Section 19~11 is amended by 
r e r i s l y l  paraqfaph (b) and a d d q  
paragraph ( e ]  to wad  a i  follows: 

. . . . .  

tlotll D.r- 
e . . . .  

(b) Land meanr (1) any i d a c e  or 
rubs*dace  land h a t  is not part of e 
duposal lite and 18 nct covered by an 
occupiable b u i l d a .  and ( 2 )  rubrurfsce 
land hi con:ains ground water 
contaminated by hated conrtituents 
h r n  residr;3! radioacbvc matenal from 
the prrxerslng rite. 
e . . . .  

( e )  class 111gromd nater a means 
grucnd w6tdr that II not I current c r  
potential iource of dnxkq water 
because (1) L+e concentrahon of total 
dmolved rolidi ir m e a c e u  of 1O.ocO 
aq,'1, ( 2 )  widespread. ambient 
contarnineoon not due to activities 
Invol;.ing residua! re&oachve materiah 
€rum a dcs.qa!ed pmcesiing rite oamls 
h a t  C ~ M O I  be cl-aned up u s : q  
treatment methodr reasonably 
employed tn public water-rupply 
ryrtems. or (31 the quantlry of water 
available ir ierr than 150 gallom per 
day. 

5. Ln f192.12 the infroductory text ir 
mpublisbed and p c a p p h  (c) ir added 
to resd as fobowr: 

t t t 2 1 2  stvdircx 
Remedial achon8 rhall be conducted 

IO II to probide reasonable asrurance 
l h a t  os o result 4fresiauolmdrooct:ve 
moteriols frvn MY deslgno!ed 
p m c e s s i v  rl:et . . . . .  

IC] The concerbatioc of any listed 
constituerit i 3  p u n d  water ar  a resdt 
cf rekases  h n  residual radioe:!ive 
ma:eridl at any des ipa t ed  p m e s s i q  
mite rhall not exceed t!e pronsionr of 
1 0  f64 ~*-:@-.PP of his chcpter as 
m d f i e d  by 0 192.U[e)(3! ( I )  end ( 1 1 ) .  
except that for the purposcr of this 
subpart: 

( I )  T h e  Scre t a ry  h a l l  carry ou! a 
mon i tonq  pmFam adequate to define 
the extent of grcund-water 
contamination by 1is:ed cons?ltuer!s 

f T O n  residual radioactite mr!eria!s a:.! 
to monitor cornpilance h , : h  t k ; ~  S-5;,::! 

121 T h e  !kcretar)- ma) proycse d d .  

apply alternate concec!:a!ion 1 1 ~ : : s .  
provided tha t  afte: cocs.C~:::~ 
practicable correctite a;!,c:5 tkp 
Commirlion determines !kat thfse a:e 
as low 18 mesonab!! 8chietd::c a z J  

with the Comiss icn'r  con;unen;e. 

f 264.%(bj i i  lai:s!)eC 
(3; The h C ! l O E S  end resFsns:5:l:!;i.s 

designated in referenced Fd:a:-a$C c! 
Part 264 of thir chapter as t h , e  o! tr.r 
"Regional Adminibtiato:" w i i !  res;(.: I 
lo "facility permits" shall be carried out 
by the Commission. 

(4) The remedial penod estab1:shc.d 
under Subpart A ma! be ex ten le i  b! an  
amount not to exceed 100 )ea:r I! 

established under this Subpa:! are cot 
projected to be exceeded at the e:d c! 
tLr extended remed:a! Feriuc. 

( i i ]  lns!:tuticnntl! cor.rro1. wh:ch w::! 
effectibel! protec! puS!ic hea!t.". aF.J 
ratirly benescia! uses of rround - 0 : ~ :  

dunr.8 b e  extended r~rnedial  peno i .  is 
instituted. a i  part of ttie rezedia! a:::an. 
at ihe processing site and whermer 
contarnmation by listed coxt::EeT::s 
from residual ra&oactive mater.a!s is 
found in ground water. or io propme2 to 
be found. 

( i i i )  The grJund water ir no! curren:!y 
and ir  not now prolected to become a 
10urtc of rupply :or public ti-rikinq 
water rubiect to provisionr of the Sdfe 
D 5 d m g  Ka te r  Act dunng the extendud 
remebal penod. and 

(iv) The requirements of Subpart A 
are retis5ed within C!e tim frd.Tr 
established under rection Il::a] o! the 
P.ct or a i  extended by Act of Cong:ess. 

Subpart C-IrnplornentaUon 

(a)[3] and (b)(:] are rev:sed 8 3 3  
paragra?b (b)(r)  is edded to reaJ as 
follows: 

1 1 0 2 S  Culd.na lor LmplrmmLIUoh 

( i )  The conc?ntra::on 1 : ~ : : s  

6. In f 192.20. parapla;!$ [a!.':; acd 

. . . . .  
(0)  ' 
(2) protection of wa!e: S~O-!: !  be 

considered on a case.spec;f:: t i s : ) .  
arawing on hydroiogica! a n i  
geochemical i u n e y c  8r.C a!; o!?.e? 
relevant data.  T h e  h!d:o:sg-r a:.? - . 

geologic assessze:: IC  be CC:~-:!F? e t  
each rite ahall iric!-i;de 8 E C T . : ' ~  
program ,ufLcier.: t o  es:e:..sL. 
background r o u n d  h a l e r  q~La!:! 
~ o h g h  0 - e  or r?:e  c;;-a!.?:.! h e : I 5  
New drposa :  s':es !or td::.r.gs ::.J' s a . : !  
c0n:aln water ai Ereate: tkar. !te :P\CI 
of '*spec:fic retpn:ior" 0: ta2:r.n: 1'1' 
are SIL.:;~.~ I!,? CF'A !o:~!.>T. 5 - . : . :  

. . .  
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