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In the Matter of: 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

ATOMIC SAFETY AND LICENSING BOARD PANEL 

Before Administrative Judges: 
Peter B. Bloch, Presiding Officer 

Thomas D. Murphy, Special Assistant 

ATLAS CORPORATION 
(Moab, Utah) 

Docket No. 40-3453-MLA-2 

Re: Tailings Pile Integrity 

ASLBP No. 98-747-02-MLA 

ATLAS CORPORATION'S RESPONSE TO THE STATE OF UTAH'S 
REQUEST FOR HEARING AND PETITION FOR LEA VE TO INTERVENE 

I. Introduction 

Atlas Corporation ("Atlas") owns a uranium milling facility in Moab, Utah pursuant,to 

Source Material License SUA-917 (the "Facility"). Over the years, Atlas' license has been 

updated and amended periodically to reflect evolving Nuclear Regulatory Commission ("NRC" 

or "Commission") regulatory requirements and guidance. In 1984, Atlas ceased active milling 

operations at the Facility. The mill was permanently shut down, and decommissioning of the 

mill was begun in 1988. Since 1988, Atlas has been engaged in efforts directed at reclaiming the 

Facility, including, in particular, the uranium mill tailings pile located on-site at the Facility. 
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As required under NRC's regulations, Atlas submitted a detailed reclamation plan for the 

Facility to the Commission in 1981. This plan, which called for disposal of the tailings pile in 

place, with a clay and earth cap and rock and vegetative cover, was reviewed and accepted by 

NRC in 1982 . .u Atlas' reclamation plan was revisited by NRC in 1988, in connection with the 

Commission's renewal of Atlas' operating license, and was again found acceptable as part of a 

FONS! issued by NRC. 

In 1988 and 1989, Atlas submitted revisions to its reclamation plan, as requested by 

NRC, to address slope design and technical aspects of the rip rap to be placed on the outer slopes 

of the tailings pile to protect the integrity of the pile in the face of a probable maximum flood.li 

In 1992 and 1993, Atlas submitted further revisions to its reclamation plan in response to a 

request from NRC to address new erosion protection requirements contained in NRC's guidance 

entitled Final Staff Technical Position: Design of Erosion Protection Covers for Stabilization of 

Uranium Mill Tailings Sites (1990).~ In July 1993, NRC issued a finding of no significant 

impact ("FONS!") and a notice of intent to approve Atlas' revised reclamation plan.1!'. However, 

later in that same year, NRC took the unprecedented step ofrescinding the FONS! because of 

controversy surrounding the in place disposal approach. Among the concerns raised by 

.!L U.S. Nuclear Regulatory Commission, Draft Technical Evaluation Report for the Proposed Revised Reclamation 
Plan for the Atlas Corporation Moab Mill ("DTER")(Attachment A) at 1-1 (Jan. 1996); U.S. Nuclear Regulatory 
Commission, Final Technical Evaluation Report for the Proposed Revised Reclamation Plan for the Atlas 
Corporation Moab Mill ("FTER") (Attachment B) at 1-1(March1997). 

Y. FTER at 1-4, 1-5. 

~ FTER at 1-4, 1-5; Affidavit of Richard E. Blubaugh, Vice President of Environmental and Governmental 
Affairs, Atlas Corporation (Blubaugh Affidavit)(Attachment C) at~ 10. 

~ 58 Fed. Reg. 38,796 (1993). 
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commenters on the FONSI was the possibility that the Colorado River might migrate over time 

and eventually encroach upon, and undermine the integrity of, the tailings pile.~ 

Following its recission of the 1993 FONSI, the Commission initiated an environmental 

review of Atlas' revised reclamation plan aimed at producing an environmental impact statement 

("EIS"). The NRC staff indicated that the EIS would be prepared on a "fast track" basis, and that 

it was intended that a final EIS would be completed within twelve months.§{ The State of Utah 

declined to participate in this EIS process as a cooperating agency, however, at least in part 

because of its express desire to preserve its option to bring suit against NRC to address any 

inadequacies in the EIS. 

At the same time that NRC was conducting its environmental review to develop an EIS, 

the Commission staff was also preparing a technical review of Atlas' revised reclamation plan, 

which ultimately would result in the preparation of a Technical Evaluation Report ("TER"). The 

purpose of this TER process was to assess whether Atlas' proposed reclamation plan satisfied the 

technical criteria set out in the Commission's regulations at 10 C.F.R. Part 40, Appendix AJ!. 

In connection with the initiation of the EIS and TER processes, NRC published a notice 

in the Federal Register on April 7, 1994, announcing Atlas' proposed modifications to its 

reclamation plan, and inviting any interested party to request a hearing on those proposed 

~ 58 Fed. Reg. 52,516 (1993) (withdrawal ofnotice of intent to amend source material license and FONSI); DTER 
at 1-4; FTER at 1-4. 

§!. FTER at 1-5; Blubaugh Affidavit at if 14. 

71. FTER at 1-5. 
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modifications . .§l The notice specified that any request for hearing would have to be filed within 

30 days of the date of publication of the notice in the Federal Register.2L No hearing was 

requested within the specified 3 0-day time period. 

In connection with its technical review of Atlas' reclamation plan, and apparently in 

response to comments received on the 1993 FONSI, NRC requested in late 1993 and 1994 that 

Atlas provide the Commission with information pertaining to the long-term potential for the 

Colorado River to migrate toward and encroach upon the tailings pile. 10
' In its May 31, 1994 

response to these inquiries, Atlas presented the conclusions reached by its consultant, Mussetter 

Engineering, Inc. ("Mussetter").lli In its report entitled Geomorphic, Hydraulic and Lateral 

Migration Characteristics of the Colorado River -- Moab, Utah which was attached to the reply, 

Mussetter concluded that the lateral migration of the Colorado River toward the Atlas tailings 

pile was "very unlikely" during the 1,000-year time frame. This conclusion was reached after a 

careful review of geological characteristics of the area of the tailings pile as well as field and 

historical evidence. 

Nevertheless, in response to the concerns expressed by the NRC staff, Atlas informed the 

staff of its plans to incorporate a collapsible rock apron into its proposed reclamation plan in its 

~ 59 Fed. Reg. 16,665 (1994). 

lQL Letter from Ramon E. Hall, Director, Uranium Recovery Field Office, U.S. Nuclear Regulatory Commission, 
Region IV to Richard Blubaugh, Atlas Corporation at 1 (Nov. 29, 1993)(Attachment D); Letter from Joseph 
Holonich, Chief, Uranium Recovery Branch, Division of Waste Management, U.S. Nuclear Regulatory Commission 
to Richard Blubaugh, Atlas Corporation at 1 (Nov. 4, 1994)(Attachment E) . 

.!.!.i Letter from Richard Blubaugh, Atlas Corporation to Joseph Holonich, Chief, Uranium Recovery Branch, 
Division of Waste Management, U.S. Nuclear Regulatory Commission (May 31, l 994)(Attachment F). 
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March 21, 1995 letter. 121 Despite the very low potential for the Colorado River to migrate and 

impact the tailings pile as indicated by the Mussetter report, Atlas proposed a rock apron that 

would be 2.5 feet thick and 20 feet wide to provide an extra measure of protection against any 

potential erosion. 

In January 1996, NRC issued its Draft TER for Atlas' proposed reclamation plan. The 

Draft TER concluded that the potential for the Colorado River to migrate toward and encroach 

upon the tailings pile was slight, and that, in any event, the design of the collapsible rock apron 

was adequately protective and would satisfy the requirements of 10 C.F.R. Part 40, Appendix 

A. 131 These conclusions were confirmed in the Final TER, which was issued by NRC in March 

1997.141 

Subsequently, in the Fall of 1997, the Utah Radiation Control Board (the "Board") 

received several requests from Peter Haney of Moab, Utah asking the Board to challenge NRC's 

issuance of the Final TER.151 In response to this request, the Board invited Haney to present 

relevant information during its meeting scheduled for November 7, 1997.lli 

At the November 7, 1997 meeting, Peter Haney presented the Board with a report 

commissioned by the Grand County Council and prepared by the U.S. Army Corps of Engineers 

.!1! Letter from Richard Blubaugh, Atlas Corporation to Joseph Holonich, Chief, Uranium Recovery Branch, 
Division of Waste Management, U.S. Nuclear Regulatory Commission (March 21, 1995)(Attachment G). 

ill DIER at 4-13. 

~ FTER at 4-13, 4-14 . 

.ill State of Utah's Request for Hearing and Petition for Leave to Intervene (hereinafter "Request for Hearing") at 
Exhibit 1. 

~ Request for Hearing at Exhibit 2. 
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("ACE") that questioned the adequacy of the design of the collapsible rock apron at the Atlas 

tailings pile. Also during this meeting, the staff of the Utah Division of Radiation Control 

("UDRC") made its presentation to the Board, reviewing a variety of issues raised by Haney but 

disagreeing with the NRC staff only over the adequacy of the design of the rock apron. 

Following this meeting, the Board forwarded the ACE report to the NRC staff on 

November 10, 1997.171 In a telephone discussion on November 18, 1997, Joseph Holonich, Chief 

of Uranium Recovery Branch ofNRC's Division of Waste Management, informed the UDRC 

staff that the NRC staff.would undertake a detailed evaluation of the ACE report and other issues 

raised by Peter Haney. 

On February 26, 1998, the NRC staff released its report regarding the proposed rock 

apron, concluding that the migration of the Colorado River to the Atlas tailings pile was unlikely 

and that the proposed rock apron would adequately protect the pile. 181 In response to this report, 

the UDRC staff issued a memorandum on April 2, 1998, continuing to express its disagreement 

with the NRC staff regarding the protectiveness of the proposed rock apron. 191 William Sinclair, 

Director ofUDRC, also sent a letter to Joseph Holonich on April 15, 1998, informing the NRC 

staff of this difference in point of view and expressing the State of Utah's intent to pursue "all 

available administrative remedies. 11201 

l:!!. Request for Hearing at Exhibit 4 . 

.ill Request for Hearing at Exhibit 11 . 

.!2L Request for Hearing at Exhibit 12. 

'!:El. Request for Hearing at Exhibit 14. 

-6-



Finally, through a letter dated May 27, 1998, Joseph Holonich advised William Sinclair 

that the NRC staff had determined that all technical issues associated with the proposed rock 

apron was resolved and that the staff had no plans to revisit this issue. 211 

The State of Utah filed its request for hearing in this matter because it is dissatisfied with 

the proposed reclamation plan that NRC has found, after several years of analysis, to satisfy the 

requirements of 10 C.F.R. Part 40, Appendix A. Specifically, Utah disagrees with NRC's 

conclusion regarding the adequacy of the rock apron design included in Atlas' reclamation plan 

in order to protect the integrity of the reclaimed tailings pile in the event that the Colorado River 

migrates to and encroaches upon the pile. 

II. Procedural Posture 

NRC published its Federal Register notice announcing Atlas' proposed changes to its 

reclamation plan on April 7, 1994. 59 Fed. Reg. 16,665 (1994). The Notice invited parties 

whose interests might be affected by the proposed changes to request a hearing, and, consistent 

with the Commission's regulations at 10 C.F.R. § 2.1205, provided that any request for a hearing 

on the proposed reclamation plan changes would have to be filed with the Commission within 30 

days of the date on which the Notice was published. More than four years later, on July 13, 

1998, the State of Utah filed its Request for Hearing. 

lli Request for Hearing at Exhibit 15. 
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III. Argument 

Utah's Request for Hearing was filed more than four years after the regulatory deadline 

for requesting a hearing on Atlas' proposed reclamation plan modifications had expired. In the 

intervening years, Utah has participated fully in the decisionmaking process. implemented by 

NRC to address the proposed reclamation plan modifications. Utah has known about the river 

migration issue from the beginning and about the proposed rock apron design from the time 

Atlas submitted the proposal. Now, at the eleventh hour, Utah finds that it disagrees with NRC's 

conclusion that the rock apron design is adequate. Therefore, the State has filed its Request for 

Hearing. At best, Utah's Request for Hearing represents an attempt on the part of the State to use 

the hearing process to substitute its judgment for that ofNRC's staff; however, a more cynical 

view would suggest that the State's eleventh hour Request for Hearing is intended to appease 

political interests that seek to delay final approval of Atlas' reclamation plan. 

Regardless of the State's motivation for filing the Request for Hearing, that request must 

be qenied because (i) the request is untimely, (ii) Utah has failed to demonstrate that its four-year 

delay in requesting a hearing was reasonable, and (iii) a hearing at this point in the 

decisionmaking process would cause Atlas undue prejudice and unreasonable harm. Moreover, 

the Request for Hearing should be denied because Utah participated fully in NRC's 

decisionmaking process to evaluate the revised reclamation plan, and the technical decisions that 

have been made by the NRC staff in evaluating Atlas' proposed reclamation plan are entitled to 

deference. 
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A. Utah's Request for Hearing is Untimely 

The right to request a hearing on license amendments proposed by the licensee is 

established in Section 189(a) of the Atomic Energy Act, 42 U.S.C.§ 2239(a), and is implemented 

through Subpart L of the Commission's Rules of Practice for Domestic Licensing Proceedings 

and Issuance of Orders (the "Rules of Practice"), 10 C.F.R. Part 2, Subpart L. Under the 

applicable regulations, any party whose interests may be affected by a proposed license 

amendment may request a hearing on that amendment. 221 

NRC published notice of the proposed modifications to Atlas' reclamation plan in the 

Federal Register on April 7, 1994. In that notice NRC indicated that any party whose interests 

might be affected by the proposed changes could request a hearing, and that such a request would 

have to be made within 30 days of the publication date of the Federal Register notice (i.e., by 

May 7, 1994 ). This is consistent with NRC's Rules of Practice, which provide that in informal 

proceedings: 

A person, other than an applicant, shall file a request for hearing 
within 

( 1) Thirty days of the agency's publication in the FEDERAL REGISTER 

of a notice referring or relating to an application or the licensing 
action requested by an application, which must include a reference 
to the opportunity for a hearing under the procedures set forth in 
this subpart. 

10 C.F.R. § 2.1205(d)(l).231 

'El. 10 C.F.R. § 2.1205. 

~ Although the Federal Register notice announcing Atlas' proposed license modifications informed interested 
parties of their opportunity to request a hearing, the notice incorrectly referred to the generally applicable 
procedures set forth in the Rules of Practice (10 C.F.R. §§ 2.105 and 2.714) instead of referring to the rules for 
informal proceedings (10 C.F.R. § 2.1205). However, Utah cannot have been prejudiced by this error (nor does the 

Footnote continued on next page 
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Utah filed its Request for Hearing on July 13, 1998, more than/our years after the 30-day 

deadline set forth in the regulations and repeated in the Federal Register notice announcing Atlas' 

proposed license amendments. Thus, under the Rules of Practice, Utah's Request for Hearing is 

clearly untimely. However, the regulations provide that an untimely request for a hearing may 

nevertheless be granted if the petitioner can establish that: 

(i) The delay in filing the request for a hearing or the petition for 
leave to intervene was excusable; and 

(ii) The grant of the request for a hearing or the petition for leave to 
intervene will not result in undue prejudice or injury to any other 
party. 

10 C.F.R. §2.1205(1)(1) (emphasis added). If either of these factors is not established, the 

request for hearing cannot be granted. Id. The State of Utah in its Request for Hearing has failed 

to establish either of these necessary conditions. Therefore, the Request for Hearing must be 

denied. 

B. Utah's Delay in Requesting a Hearing was Not Excusable 

The State makes two arguments in an effort to convince the Panel that its four-year delay 

in requesting a hearing is excusable. First, the State argues that at the time Atlas' proposed 

license amendments were announced in the Federal Register, the State saw no need to pursue 

adjudication because the State felt it could resolve any differences with NRC Staff on a more 

informal basis. As stated in its Hearing Request, the "State of Utah, as an NRC Agreement State, 

Footnote continued from previous page 

State claim to have been prejudiced), since the Federal Register notice explicitly stated that hearing requests were 
required to be filed within 30 days of the date of the notice, which is the deadline set forth in 10 C.F.R. 
§ 2.1205(d)(l), and, in any event, the incorrectly cited rules at 10 C.F.R. § 2.714 require that hearing requests be 
filed within a time frame similar to that established under 10 C.F.R. § 2.1205. 
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believed it could work cooperatively with NRC staff to resolve the rock armoring issue without 

having to resort to the adjudicative process." (Hearing Request at 17) This argument does not 

excuse Utah's delay. 

The State of Utah, when it was put on notice of Atlas' proposed license amendments by 

publication of the April 7, 1994 Federal Register notice, had to choose whether and how it 

wanted to participate in NRC's decisionmaking process. In particular, the State had to choose 

between requesting a hearing to assert its interests in an adjudicative forum, or participating in a 

more informal process and asserting its interests through a notice and comment process. The 

State chose to pursue the more informal route of notice and comment decisionmaking. Now, 

because the State is unhappy with the outcome of that process, it is seeking to reverse the 

decision it made four years ago and now pursue a hearing. However, dissatisfaction with the 

outcome of an informal decisionmaking process does not excuse the failure, at the beginning of 

the process to request a hearing. 

In this regard, the Rules of Practice treat the State like any other private party. See, e.g., 

In the Matter of Nuclear Fuel Services, Inc. and New York State Atomic and Space 

Development Authority (West Valley Reprocessing Plant), ALAB-263, 1NRC208 at 20 (1975). 

If the State of Utah wanted to assert its interests in Atlas' proposed license amendments in an 

adjudicative forum, it was required to follow the clear and simple procedure spelled out in the 

Rules of Practice (and in the 1994 Federal Register notice announcing Atlas' proposed license 

amendments): it was required to file a hearing request within 30 days of the date on which notice 
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of the proposed license amendments was published in the Federal Register.241 10 C.F.R. 

§ 2.1205(d)(l). 

The second argument advanced by Utah to justify its delay in requesting a hearing is that 

the State relied on NRC to conduct an "adequate review of the Atlas design basis," and therefore, 

the State could not have anticipated that the issue of rock apron design would become a point of 

contention. (Hearing Request at 18) Specifically, the State claims that "the inadequacies in the 

NRC's analysis of rock armoring did not present itself [sic] until issuance of the final TER, as 

bolstered by NRC's later supplemental report." (Petition at 17) However, as NRC staff has ably 

demonstrated in its Nuclear Regulatory Commission Staffs (1) Response to State of Utah's 

Request for Hearing and Petition for Leave to Intervene and (2) Notice of Staff Participation 

dated August 3,1998 (hereinafter "NRC Staffs Response"), this argument cannot excuse Utah's 

four year delay in requesting a hearing. 

In the first place, the April 7, 1994 Federal Register notice put the State on notice that 

Atlas was proposing changes to its reclamation plan that were intended to address the design of 

the erosion protection cover for the tailings pile, as well as design of drainage channels and other 

~ Indeed, the State makes a point in its Request for Hearing of highlighting the fact that Utah is an NRC 
Agreement State (Hearing Request at 17); implying that the State was somehow excused from complying with the 
procedural requirements spelled out in NRC's Rules of Practice because it expected to work "cooperatively" with 
NRC Staff (meaning, apparently, that it expected NRC staff to ignore the results of its own independent analysis 
and simply adopt the position advocated by the State). However, if anything, the fact that Utah is an Agreement 
State suggests that the State should be held to a higher standard of compliance with the procedural requirements in 
NRC's Rules of Practice, sirice, presumably, Agreement States are more familiar with those procedural requirements 
than an ordinary member of the public might be. 

Moreover, it should be noted that the State of Utah is not an Agreement State for the regulation of 1 le.(2) 
byproduct material. Thus, Utah cannot be presumed to have any particular expertise with respect to the regulation 
of uranium mill tailings (which are 1 le.(2) byproduct material) and the design of uranium mill tailings 
impoundments. 
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engineering controls intended to protect against the Probable Maximum Flood. 59 Fed. Reg. 

16,665 (1994). Thus, as a result of the 1994 Federal Register notice, the State was aware that 

NRC was going to evaluate changes to Atlas' reclamation plan pertaining to erosion protection, 

and that, moreover, the plan did not include any design features specifically addressing the 

possibility that the Colorado River might encroach upon the tailings pile. Thus, to the extent that 

the State's interest extended to the adequacy of erosion protection provided under Atlas' 

reclamation plan, it was incumbent upon the State to choose how it wanted to assert that interest 

-- in an adjudicatory proceeding or a notice and comment process. It was inappropriate for the 

State to rely on NRC staff to represent the State of Utah's interests with respect to design of 

erosion protection measures under Atlas' reclamation plan. As pointed out in the NRC Staffs 

Response, Utah's reliance on NRC to protect the State's interests cannot excuse the State's delay 

in requesting a hearing. (NRC Staffs Response at 9, citing Puget Sound Power and Light 

Co. (Skagit Nuclear Power Project Unit 1and2), LBP-79-16, 9 NRC 711, 1979 NRC LEXIS 73, 

*9-10 (1979), affd, ALAB-559, 10 NRC 162, 1979 NRC LEXIS 42 (1979).) 

In addition, it is simply untenable for Utah to contend that it could not have known of the 

"inadequacies in the NRC's analysis of rock armoring" until issuance of the Final TER "as 

bolstered by NRC's later supplemental report." (Request for Hearing at 17.) In November 1993 

and a year later, in November 1994, NRC staff requested that Atlas provide the staff with 

information relating to river migration and the design of the tailings pile apron.251 Included with 

'?:2!. Letter from Ramon E. Hall, Director, Uranium Recovery Field Office, U.S. Nuclear Regulatory Commission, 
Region IV to Richard Blubaugh, Atlas Corporation at 1 (Nov. 29, 1993); Letter from Joseph Holonich, Chief, 
Uranium Recovery Branch, Division of Waste Management, U.S. Nuclear Regulatory Commission to Richard 
Blubaugh, Atlas Corporation at 1 (Nov. 4, 1994). 
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the November 1994 request for information was a report from the Utah Geological Survey 

which addressed, among other things, the possibility ofriver migration.261 Atlas responded to 

these requests for information with submissions dated May 31, 1994 and March 21, 1995, 

addressing both the possibility of river migration and the design of a rock apron to protect the 

Atlas tailings pile.271 The State of Utah was copied on this correspondence. In fact, UDRC has 

been routinely copied on all correspondences between NRC and Atlas, and any new information 

about the proposed rock apron presumably would have been reported to the Board by the UDRC 

staff during bi-monthly.meetings. 

Thus, at a minimum, the State was aware of the river migration issue as early as 1994 

(as evidenced by the Utah Geological Survey report). In addition, the State knew of Atlas' rock 

apron design by the middle of 1995, when it received copies of the information on rock apron 

design that Atlas provided to NRC. Then, in 1996, NRC issued its Draft TER, which specifically 

addressed river migration and Atlas' rock apron design and concluded that the design was 

adequate to satisfy the requirements of 40 C.F.R. Part 40, Appendix A. Specifically, the Draft 

TER stated that: 

The licensee provided detailed information and analyses 
(Mussetter and Harvey, 1994) and used the HEC-2 computer 
program to evaluate the hydraulic characteristics of the Colorado 
River in the immediate vicinity of the reclaimed pile. 

lli Letter from Joseph Holonich, Chief, Uranium Recovery Branch, Division of Waste Management, U.S. Nuclear 
Regulatory Commission to Richard Blubaugh, Atlas Corporation at Enclosure 6 (Nov. 4, 1994). 

'!:Ii. Letter from Richard Blubaugh, Atlas Corporation to Joseph Holonich, Chief, Uranium Recovery Branch, 
Division of Waste Management, U.S. Nuclear Regulatory Commission(May 31, 1994); Letter from Richard 
Blubaugh, Atlas Corporation to Joseph Holonich, Chief, Uranium Recovery Branch, Division of Waste 
Management, U.S. Nuclear Regulatory Commission (March 21, 1995). See also Blubaugh Affidavit at~ 18. 
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the staff reviewed the licensee's qualitative information and 
generally concludes that the potential for [river] migration is low 
during a 200-1000 year period. Several site-specific factors need 
to be considered 

DTER at 4-11, 4-13. With respect to Atlas' rock apron design, the Draft TER noted that although 

there was a very low probability of the Colorado river encroaching upon the tailings pile, not 

enough quantitative data had been generated to demonstrate that encroachment would not 

undermine the pile. In lieu of requiring additional studies to generate this quantitative data, 

however, NRC staff concluded that it would be sufficient to incorporate into the reclamation plan 

a design feature intended to protect the stability of the pile in the unlikely event that such 

encroachment would occur. Specifically, the Draft TER states that: 

In summary, the staff concludes that it is unlikely that the river will 
migrate as far as the tailings pile within the next 200-1000 years. 
However, because quantitative proof of bank stability was not 
provided, it is prudent to design the pile for such an occurrence. 
The licensee intends to provide an erosion protection apron for the 
pile and this measure is considered by the staff to be a conservative 
method for addressing Colorado River erosion concerns. A 
detailed description of the apron may be found in Section 4.5.1.2.3 . 

Id. at 4-14. Thus, the Draft TER in January of 1996 provided Utah with a full understanding of 

Atlas' and NRC's approaches to the river migration issue. It also supplied the State with detailed 

information regarding the technical design proposed for the rock apron. Consequently, the State 

of Utah was aware of the river migration issue and the rock apron design and NRC staffs 

assessment of the rock apron design at the very latest by January of 1996, when NRC issued its 

Draft TER. The State has offered no reasonable excuse to explain why it did not request a 

hearing at that point. 
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Similarly, on November 7, 1997, Peter Haney -- whom the State in its hearing request 

identifies as a "nurse"281 and who, at the time, was an elected member of the Grand County 

Council -- provided the State with information that purported to call into question the adequacy 

of Atlas' rock apron design.291 Thus, by November of 1997, the State not only had knowledge of 

the river migration issue and of Atlas' rock apron design, and NRC staffs assessment of that 

design but it also was aware of the specific issue that now forms the basis of its hearing request --

the alleged inadequacy of the rock apron design. Yet, the State offers no reasonable excuse to 

explain why it did not request a hearing in response to the information it received in November 

1997. Indeed, no such excuse is possible. Although the availability of "new" information may in 

some circumstances excuse late requests for hearing or intervention,3°' as demonstrated above, 

the State of Utah had information about the river migration issue and about Atlas' rock apron 

design by January of 1996 at the latest. Moreover, to the extent that allegations regarding 

deficiencies in particular aspects of the rock apron design may be regarded as "new" information, 

the State was in possession of that information in November of 1997, at the latest. 

Thus, even if one were to excuse the State's failure to request a hearing within 30 days of 

the April 7, 1994 Federal Register notice, on the grounds that the State received "new" 

information regarding the purported inadequacy of Atlas' rock apron design in November 1997, 

the time for the state to have requested a hearing would have been within 3 0 days of receiving 

~ Request for Hearing at 17. 

'!J!. Request for Hearing at Exhibits 3-5. 

~ Duke Power Company, ALAB-528, 9 NRC 146, 148-149 (1979). See also Cincinnati Gas and Electric Co., 
LBP-80-14, 11NRC570, 572-573 (1980); Consumer Power Co., LBP-82-63, 16 NRC 571, 577 (1982). 
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that new information -- i.e., in December 1997. It was simply unreasonable for the State to wait 

an additional eight months before filing its request. See, e.g., Hydro Resources, Inc., LBP 98-9, 

1998 NRC LEXIS 21, *39 (1998) (Five-month delay in seeking intervention following receipt of 

new information held unreasonable.) Moreover, the State's delay cannot be excused by the fact 

that Utah was engaged in a dialogue with NRC staff over the adequacy of Atlas' design. Nuclear 

Metals, Inc., LBP-91-27, 33 NRC 548, 1991 NRC LEXIS 25, *6 (1991) (In finding a nine-month 

delay unreasonable, the· presiding officer noted that "the existence of negotiations does not create 

any excuse for a party to sleep on its obligations to file a petition in a timely fashion, any more 

than negotiating about a tort (a civil suit) would permit a party to overstay the statute of 

limitations. ")311 

The petition process available under Subpart L of the Rules of Practice is intended to 

ensure that all parties whose interests might be affected by a license modification have an 

opportunity to air their concerns about the proposed action. Utah has participated fully in the 

decisionmaking process that was used by NRC to evaluate the river migration issue and the 

technical design for Atlas' tailings impoundment. Now, because the state is unhappy with the 

results of that decisionmaking process, the state wants to change the rules under which it elected 

to proceed more than four years ago. However, the state's desire to reach a different result does 

not provide a reasonable basis for requesting a hearing more than four years after the deadline for 

~ Cf. Umetco Minerals Corporation, LBP-92-20, 36 NRC 112 (1992)(Although the Hearing Officer based his 
decision to allow an untimely petition to intervene partly on grounds that the petitioner in the case -- State of Utah -
had engaged in negotiations with the NRC Staff, this decision can be distinguished from the facts of the present case 
on several grounds. To begin with, Umetco involved a different regulatory provision -- 10 C.F.R. § 2.1205( c )(2) -
that is not applicable to the present case. More importantly, in Umetco, the tardiness of the petitioner in filing its 
request did not result in any .undue prejudice to the other participants in the proceeding since the NRC Staff and the 
licensee had already agreed to delay any action on the proposed license amendment.). 
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such a request had expired, more than a year after issuance of the Final TER which put the issue 

of the rock apron design in high relief, and roughly eight months after the specific technical 

design concerns that form the basis of the State's request for hearing were brought directly to the 

State's attention. Accordingly, because Utah has failed to demonstrate that its delay in requesting 

a hearing is excusable, the State's untimely request for hearing must be denied. 

C. Granting Utah's Request For Hearing Would Cause Unreasonable Injury to Atlas 

NRC has recognized that an applicant has a strong interest in having its license requests 

acted upon promptly. Thus, the Commission has expressly acknowledged the "right of the 

applicant to a reasonably prompt administrative assessment of and determination about its 

application so it can go forth with its planned activities. "321 Atlas proposed revisions to its 

reclamation plan in 1988. Since that time, the proposed revisions have undergone extensive 

environmental and technical review by NRC. This review has included numerous public 

meetings, the issuance and subsequent withdrawal of a FONSI, the preparation of a draft EIS and 

a draft TER and the solicitation of comments on both documents, and the issuance of a final 

TER. During the course of this review process, numerous questions were raised regarding 

various aspects of its tailings impoundment design, prompting Atlas to conduct additional studies 

and in some instances to modify its design, in order to address those concerns. 

At the conclusion of this exhaustive review process, NRC staff concluded that Atlas' 

reclamation plan, and in particular its rock apron design, is technically adequate and will satisfy 

the requirements of 10 C.F.R. Part 40, Appendix A. Specifically, NRC concluded that the 

~ 52 Fed. Reg. 20089, 20090 (1987). 
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probability that the Colorado River will migrate to encroach upon the tailings impoundment is 

very small, and that, in the unlikely event that such migration were to occur, the rock apron 

design would provide reasonable assurance of the impoundment's stability, with an adequate 

margin of safety. The State of Utah disagreed with this conclusion. In particular, the State raised 

concerns regarding the calculations that were used to derive certain features of the rock apron 

design. 

Despite the efforts of NRC and Atlas over the past seven months to address Utah's 

specific concerns regarding the adequacy of the rock apron design, the State still disagrees with 

NRC's conclusion that the rock apron design is adequate. Consequently, the State has requested 

a hearing, four years after the appropriate deadline, in order to reopen the issue of the rock apron 

design's adequacy. If this request is granted, Atlas and NRC will have to revisit technical issues 

that have already been subject to multiple layers ofreview and re-review. A final disposition 

regarding the adequacy of Atlas' reclamation plan will be further delayed, as will Atlas' efforts to 

implement the reclamation plan. In short, Atlas' right to "a reasonably prompt administrative 

assessment of and determination about its application" will have been grossly violated and Atlas' 

efforts to go forward with its planned reclamation efforts will have been stymied, a result that 

flies in the face of the Commission's stated goal of avoiding unnecessary delays in NRC's review 

and hearing processes.331 

lli In a recent policy statement, the Commission noted: 

The parties to a proceeding, therefore, are expected to adhere to the time frames specified in the 
Rules of Practice in 10 C.F.R. Part 2 for filing and the scheduling orders in the proceeding . ... 
[T]he licensing boards are expected to take appropriate actions to enforce compliance with these 
schedules .... [T]he boards may grant extensions of time under some circumstances, but this 
should be done only when warranted by unavoidable and extreme circumstances. 

Footnote continued on next page 
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In addition to trampling on Atlas' right to a speedy disposition of its application, a hearing 

in this matter would cause Atlas serious financial injury. Every month that site reclamation is 

delayed costs Atlas nearly $50,000 in administrative costs alone. In addition, the contingent 

liabilities that will continue to be associated with the Moab Facility until reclamation is complete 

have the effect of creating a debilitating deterrent to investors. Consequently, every day of delay 

causes Atlas to lose business opportunities and move one step closer toward financial disaster. 

When these costs are added to the expenses of participating in the hearing sought by Utah, the 

overall impact on Atlas is substantial. Given the already weakened financial condition of the 

company, the imposition of these additional costs for the sake of revisiting technical issues that 

have already received extensive review and analysis would be unreasonable.341 

Utah attempts to argue in its petition that a hearing in this matter will not cause 

unreasonable harm or prejudice to Atlas because (i) the United States Fish and Wildlife Service 

("FWS") objects to the reclamation plan as not being adequately protective of endangered fish in 

the river; (ii) Atlas has received notice of an intent to file a citizens suit under the Clean Water 

Act ("CW A"); and (iii) Utah intends to regulate groundwater discharges under state law, and 

groundwater clean-up will require adequate tailings impoundment design. Each of these factors, 

the state claims, will delay implementation of Atlas' reclamation plan; therefore, further delay 

caused by the requested hearing will not cause unreasonable injury. 

Footnote continued from previous page 

U.S. Nuclear Regulatory Commission, Statement of Policy on Conduct of Adjudicatory Proceedings 6 (July 28, 
1998)(Attachment H). The State has failed to allege any "unavoidable and extreme circumstances" that would 
excuse its failure to comply with the established deadlines for filing its Request for Hearing. 

~ Blubaugh Affidavit at~~ 21-23. 
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This argument is, in a word, nonsensical. In the first place, the fact that Atlas might have 

to contend with delays from other proceedings in no way mitigates the harm Atlas would suffer 

as a result of having further delay and additional expense heaped on the company by having to 

go forward with the hearing requested by Utah. Moreover, its not at all clear that the factors 

cited by Utah in its petition are likely to cause delay. First, FWS does not have veto power over 

NRC's licensing decisions. In fact, FWS has recently issued a final biological opinion explaining 

the Service's concerns regarding impact on endangered fish. 351 To the extent it finds necessary, 

NRC will address those concerns by incorporating appropriate conditions into the reclamation 

plan. Second, any CW A suit brought against Atlas for discharges from its tailings impoundment 

is likely to fail, since byproduct material is excluded from regulation under the CWA.361 

Finally, to the extent that Utah's efforts to regulate groundwater discharges from the tailings 

impoundment conflict with the NRC-approved reclamation plan for the Facility, those state 

regulations will be preempted. 371 

D. Utah Has Participated Fully in the Decisionrnaking Process to Evaluate Atlas' 

Reclamation Plan. 

Since 1993 when NRC initiated a detailed environmental review of Atlas' revised 

reclamation plan aimed at producing an EIS, Utah was afforded and has taken full advantage of 

~ U.S. Fish and Wildlife Service, Final Biological Opinion for the Proposed Reclamation of the Atlas Mill 
Tailings in Moab, Utah (July 29, 1998). 

~ Waste Action Project v. Dawn Mining Corp., 1998 U.S. App. LEXIS 4115. 

~ See, e.g., English v. General Electric Co., 496 U.S. 72 (1990) (The exercise of state law will be preempted 
where it conflicts with federal law requirements). See also Brown v. Kerr-McGee Chemical Corp, 767 F.2d 1234 
(7th Cir. 1985) (Regulation of non-radiological aspects of 11 e.(2) byproduct material under state law is preempted 
where the radiological aspects are inextricably bound up with the radiological aspects). -
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numerous opportunities to participate in the subsequent environmental and technical review 

processes. 

In March 1994, NRC issued a notice in the Federal Register indicating that it would 

prepare a second EIS for the Atlas site.381 This was followed by a public meeting held in Moab 

on April 14, 1994 where NRC received written comments from various members of the public as 

part of the scoping process for EIS. The State participated in this meeting and later submitted its 

own comments. 

Subsequently, when the Commission issued its Draft EIS and Draft TER for the revised 

reclamation plan in January 1996, the State fully exploited every opportunity to voice its 

concerns and participate in the review process. Thus, the UDRC staff submitted a lengthy 

comment on the Draft EIS on April 26, 1996, expressing concerns about various aspects of the 

proposed reclamation plan such as the need to address existing groundwater contamination in 

greater depth. 

Also on April 26, 1996, the UDRC staff submitted detailed comments on the Draft TER, 

complaining about alleged inadequacies of various technical aspects of the reclamation plan. For 

example, the staff contended that NRC had collected insufficient information on geologic 

stability of the Atlas site and requested additional studies to remedy this perceived shortcoming. 

Interestingly, the staff did not express any significant concerns about the proposed rock apron 

~ 59 Fed. Reg. 14912 (1994). 
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other than the general comment that "details of the rock wall transition area at the pile should be 

included in the engineering plan. "391 

It must be emphasized that by accepting comments on the Draft TER, the Commission 

went to great lengths to accommodate the public's interest -- including those of Utah -- in the 

proposed reclamation plan. As NRC noted in the Final TER, 

[i]n most licensing reviews, a draft TER is provided to the licensee, in lieu of an 
additional round of questions and requests for information, as a means to expedite 
the review process. While the draft TER is a publicly available document, it is not 
normally available for public comment in most licensing cases. However, due to 
the extensive public interest and comment on the 1993 TER, NRC decided to make 
the Atlas draft TER available for public comment.401 

Thus, in many respects, NRC provided the State (and other interested parties) with extraordinary 

opportunities for review and comment that would not have been available in ordinary licensing 

proceedings. 

More recently, in response to the request made by the State in November 1997, the NRC 

staff initiated a detailed review of the report issued by ACE regarding the protectiveness of the 

proposed rock apron at the Atlas site. In addition, in January 1998, NRC reviewed an opinion 

from Dr. William L. Graf, a geologist, regarding the potential migration of the Colorado River 

toward the Atlas tailings site, again at State's request. On February 26, 1998, NRC transmitted 

the results of its detailed reconsideration of the proposed rock apron to the State, concluding that 

migration of the Colorado River to the Atlas tailings site was unlikely, but that if the river were 

to migrate to the pile in the future, the proposed rock apron would adequately protect the pile. In 

~ FTER at A-22. 

~ FTER at 1-1, 1-2 (emphasis added). 
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undertaking this review, NRC did not rely on technical information submitted by Atlas but 

instead performed an "independent analysis" using ACE design procedures.411 Thus, the State's 

allegation that the February 26, 1998 report constitutes a "post hoc rationalization" intended to 

bolster FTER is patently absurd.421 

As demonstrated above, Utah had a full and robust opportunity to participate in the 

decisionmaking process regarding the acceptability of the design of the proposed rock apron as 

well as other aspects of the revised reclamation plan for the Atlas site. Having taken full 

advantage of that opportunity, the State should not now get yet another "bite at the apple" by 

requesting a hearing to address the same issues that have already been addressed multiple times 

and in great detail. Moreover, because the State has participated fully in the decisionmaking 

process regarding the adequacy of Atlas' reclamation plan, the State cannot complain that it will 

be prejudiced by not being allowed to air its concerns at a hearing. 

E. The NRC Staffs Determination That Atlas' Reclamation Plan is Adequate is 

Entitled to Deference. 

As the regulatory agency authorized by statute to make licensing determinations of the 

type here at issue, NRC's determination that Atlas' tailings impoundment design is adequate to 

satisfy the technical requirements of 10 C.F. R. Part 40, Appendix A is entitled to substantial 

ill U.S. Nuclear Regulatory Commission, Technical Evaluation of Atlas Erosion Protection Apron 2 (Feb. 26, 
I 998)(Attachment I). 

~ Request for Hearing at 18. 
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deference.431 Deference is particularly appropriate where, as is the case here, the agency action at 

issue is technical and complex.441 

Generally, actions taken by NRC have been accorded greater deference than actions taken 

by other regulatory agencies. This is because the AEA gives NRC significant regulatory latitude, 

to a degree that is "virtually unique."451 Thus, NRC staffs determination regarding technical 

matters within its area of expertise are routinely given deference.461 

NRC has exhaustively analyzed, reviewed and re-reviewed the reclamation plan 

developed by Atlas, including the technical design of the proposed rock apron. This review has 

been conducted in accordance with protocols developed by the Commission through experience 

gained from the reclamation of multiple uranium mill tailings disposal sites.471 Thus, the analysis 

of Atlas' reclamation plan that has been performed by NRC staff is uniquely within the staffs 

expertise. Although Utah is dissatisfied with the results of the NRC staffs analysis, the State 

should not be allowed tb substitute its judgment for that of NRC staff. 

IV. Conclusion 

Utah's Request for Hearing was filed more than four years after the deadline for 

requesting a hearing under NRC's Rules of Practice had expired, more than two years after the 

ill See,~, Chevron U.S.A. v. Natural Resources Defense Council, 467 U.S. 837 (1984). 

'.lli See~, Aluminum Co. of America v. Central Lincoln People's Util. Dist., 467 U.S. 380, 390 (1984). 

~ Nuclear Info. Resource Serv. v. NRC, 969 F.2d 1169, 1177 (D.C. Cir. 1992) (citing Siegel v. Atomic Energy 
Comm'n., 400 F.2d 778, 783 (D.C. Cir. 1968). 

~ See~, Environmental Defense Fund v. NRC, 902 F.2d 785, 788-89 (10th Cir. 1990). 

'!!.!. DTER at 1-5; FTER at 1-5. 
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NRC staff provided its assessment of the river migration issue and its evaluation of Atlas' rock 

apron design in the Draft TER, and more than seven months after the specific technical design 

concerns that form the basis of the State's Request for Hearing were brought directly to the 

State's attention by Peter Haney. The State's request, therefore, is clearly untimely. 

Utah has failed to demonstrate that the State's delay in filing its Request for Hearing was 

excusable. As the State points out in its request, Utah is an Agreement State. Thus, Utah should 

have been intimately familiar with the deadline for requesting a hearing set forth in NRC's Rules 

of Practice. Moreover, it is abundantly clear that Utah was aware of the opportunity to request a 

hearing, and that the State was even contemplating litigation in this manner, since the State 

specifically declined to participate in the EIS as a cooperating agency in order to preserve its 

opportunity to litigate over the sufficiency of the EIS. For this reason, it strains credulity to 

suggest that Utah's failure to submit its request for a hearing in a timely fashion should be 

excused. 

Because Utah has not offered any legitimate excuse for filing its request late, and because 

a hearing such as that requested by Utah at this late stage in the process would result in 

unreasonable injury to Atlas, that State's Request for Hearing must be denied. 
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In the Matter of: 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

ATOMIC SAFETY AND LICENSING BOARD PANEL 

Before Administrative Judges: 
Peter B. Bloch, Presiding Officer 

Thomas D. Murphy, Special Assistant 

ATLAS CORPORATION 
(Moab, Utah) 

Docket No. 40-3453 

Re: Tailings Pile Integrity 

ASLBP No. 98-747-02-MLA 

STATUS REPORT 

Pursuant to the Presiding Officer's Order dated July 24, 1998, Atlas Corporation ("Atlas") 

respectfully submits this report on the status of settlement discussions in the above-captioned 

matter. Specifically, the July 24, 1998, Order directs Atlas to provide its assessment of: (i) the 

likelihood that the issue raised by the State of Utah may be settled by negotiated agreement; and 

(ii) whether the parties seek the assistance of a mediator. 

Atlas received Utah's Request for Hearing and Petition for Leave to Intervene in this 

matter on July 17, 1998. Since that time, there have been no settlement discussions between 

Atlas and the State of Utah. Moreover, for the reasons addressed below, Atlas believes that· 

settlement discussions in this matter would be fruitless. 



As discussed in greater detail in Atlas' Response to the State of Utah's Request for 

Hearing and Petition for Leave to Intervene, Utah's request for hearing focuses on a single issue: 

the adequacy of the rock apron design that Atlas has proposed for the uranium mill tailings pile 

at its Moab, Utah facility. This precise issue has been the subject of several years of analysis on 

the part of NRC Staff. Atlas has submitted detailed engineering reports and studies in support of 

the rock apron design. The design was independently evaluated by NRC Staff during the 

preparation of the Draft Technical Evaluation Report ("Draft TER") and the Final Technical 

Evaluation Report ("Final TER") for Atlas' reclamation plan. Based upon this independent 

analysis, NRC Staff concluded in both the Draft and Final TERs that the technical design for the 

rock apron provides the "reasonable assurance" required by 10 C.F.R. Part 40, Appendix A. 

However, in 1997, the State of Utah raised concerns regarding the calculations that were 

used in designing the rock apron. Atlas sought to address those concerns at a meeting of the 

Utah Radiation Control Board on November 7, 1997. At the specific request of the State of Utah 

Division of Radiation Control, NRC staff devoted considerable effort to evaluating the 

information that had been provided to the State that purported to identify inadequacies in the 

rock apron design. This was followed up by a detailed report prepared by NRC Staff to explain 

the results of the Staffs independent evaluation of the rock apron design, in light of the 

information provided by the State of Utah. This report, which was provided to the State on 

February 26, 1998, again concluded that the rock apron design is adequate and satisfies the 

requirements of 10 C.F.R. Part 40, Appendix A. 
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Now, because it finds that it disagrees with the NRC Staffs conclusion regarding the 

adequacy of the rock apron design, the State of Utah is requesting a hearing, more than four years 

after the deadline set out in NRC's Rules of Practice, 10 C.F.R. Part 2. In its argument to excuse 

the extraordinary tardiness of its hearing request, Utah resorts to disingenuous assertions, 

suggesting that NRC Staff had engaged in "post hoc rationalization" when, at the request of the 

State of Utah, the Staff evaluated the information provided by the State regarding purported 

deficiencies in the rock apron design. (Request for Hearing at 18) At another point in its hearing 

request, the State suggests that NRC Staffs evaluation of the information provided by Utah was 

undertaken because "the staff felt it necessary to 'bolster' the comments in the FTER regarding 

the rock apron design" (Request for Hearing at 17), when, in fact, the Staff performed this 

analysis at the specific request of the State in order to address the State's concerns about the 

adequacy of the rock apron design. 

The State of Utah has failed utterly to demonstrate why its four year delay in requesting a 

hearing is excusable. Similarly, the State has been unable to demonstrate why it waited eight 

months after the issuance of the Final TER to request a hearing. Atlas respectfully submits that 

in these circumstances it would be wholly inappropriate and unduly prejudicial to Atlas to revisit, 

at the eleventh hour, an issue that has been evaluated and re-evaluated and re-evaluated again by 

NRC Staff and by independent experts hired by Atlas. It would denigrate the extensive good 

faith efforts of the NRC Staff if Utah were allowed, once again, to delay completion ofNRC's 

review of the Atlas reclamation plan in order to revisit, again, an issue that has been resolved 

through exhaustive analysis and re-analysis. 
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Accordingly, Atlas respectfully submits that settlement discussions in this matter would 

serve no purpose. Similarly, Atlas believes that any efforts expended by a mediator in an attempt 

to resolve this matter through negotiations would also be wasted. 
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CERTIFICATE OF SERVICE 

I hereby certify that I caused true and complete copies of the foregoing Atlas Corpora-

tion's Response to the State of Utah's Request for Hearing and Petition for Leave to Intervene in 

the above-captioned matter to be served, by certified mail, return receipt requested, on: 

Administrative Judge 
Peter B. Bloch, Chairman 
Atomic Safety and Licensing Board 
Mail Stop: T-3 F23 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Denise Chancellor, Esq. 
Fred G. Nelson, Esq. 
Utah Atomey General's Office 
160 East 300 South, 5th Floor 
P.O. Box 140873 
Salt Lake City, Utah 84114-0873 

Administrative Judge 
Thomas D. Murphy, Esq. 
Atomic Safety and Licensing Board 
Mail Stop: T-3 F23 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Office of Commission Appellate 
Adjudication 

Mail Stop: 0-16 G15 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 



Office of the Secretary 
Attn: Rulemaking and Adjudications Staff 
Mail Stop: 0-16 G15 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Office ofRulemakings and Adjudications 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Adjudicatory File 
Atomic Safety and Licensing Board 
Mail Stop: T-3 F23 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Susan Uttal, Esq. 
Office of the General Counsel 
U.S. Nuclear Regulatory Commission 
W · gton, J.J!.,:....:J~~~-

Anthony J. 
SHAW, PI~ ......... ,.._~ 
2300 N Stree , 
Washington, DC 20037-1128 
(202) 663-9198 

Counsel for Atlas Corporation 
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The undersigned, Anthony J. Thompson, being an attorney at law in good standing admit-

ted to practice before the Supreme Court of Maryland hereby enters his appearance as counsel on 

behalf of licensee, Atlas Corporation, in any procee · 
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Date 

Counsel for Atlas Corporation 
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Administrative Judge 
Peter B. Bloch, Chairman 
Atomic Safety and Licensing Board 
Mail Stop: T-3 F23 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Denise Chancellor, Esq. 
Fred G. Nelson, Esq. 
Utah Attorney General's Office 
160 East 300 South, 5th Floor 
P.O. Box 140873 
Salt Lake City, Utah 84114-0873 

Office of the Secretary 
Attn: Rulemaking and Adjudications Staff 
Mail Stop: 0-16 G15 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Office of Rulemakings and Adjudication 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Administrative Judge 
Thomas D. Murphy, Esq. 
Atomic Safety and Licensing Bo 

Office of Commission Appellate 
Adjudication 

Mail Stop: 0-16 G15 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Adjudicatory File 
Atomic Safety and Licensing Board 
Mail Stop: T-3 F23 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Susan Uttal, Esq. 
Office of the General Counsel 
U.S. Nuclear Regulatory Commission 
Washington, DC 2055 __ 
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1.0 INTRODUCTION 

1.1 Background 

Source Material License SUA-917 for the Moab·Mill is held by the Atlas 
Corporation (Atlas). The mill has not operated since 1984. A 
deco11111issioning 1 plan for the mill was approved by Amendment No. 3 dated 
November 28, 1988. Oeconmissioning of the mill began in 1988, and. interim 
cover placerent over the tailings disposal area began in 1989. The 
reclamation plan that was, prepared in 1981 and approved by NRC in 1982· was 
based on projected disposal capacity requirements and was designed for an 
ultimate crest elevation of 4076 feet. The maximum crest elevation 
constructed before mill operations ceased was 4058 feet, resulting in the 
necessity to redesign the tailings impoundment and thus revise the reclamation 
plan. In July 1993·; NRC noticed in._ the Federal Register the, intent to approve 
Atlas' rev,ised. reclamation. pJan- and made.-available.,,for public. co11111ent an 
environmental. assessment of; the- effects, of. the: proposecl.. action. As is usual 
in cases where a licensee proposes revisions to an approved reclamation plan, 
both the NRC technical evaluation and environmental assessment only addressed 
the revised elements of the plan and the environmental effects of changes to 
the plan approved in 1982. Extensive adverse public coments were received in 
response to the Federal Register notice·.·- As-- a· result, ,.NRC- decided to · 
reevaluate. the entire reclamation plan· and to prepare- an Environmental Impact 
Statement. (EIS) addressing .. reclamationo · 

This draft Technical Evaluation Report (TER) documents the NRC shff review-of 
Atlas' proposed reclamation plino and staff-conclusions with respect to the 
appropriate regulations.. The regulations governing recl111ation of uranium 
mill tailings appear primarily in 10 CFR Part 40. Technical criteria appear 
in Appendix A to Part 40. 

A draft TER is usually prepared when there is sufficient information to 
document the sta.ff's review of a proposed reclamation plan and its conclusions 
with respect to the appropriate regulations. This draft TER contains open 
issues that must be resolved by Atlas before NRC can approve the proposed 
reclamation plan. In most licensing reviews, the draft TER is provided to the 
licensee, in lieu of an additional round of questions and requests for 
information, as a means to expedite the review process. While the draft TER 
is a publicly available docu11ent, it is not normally available for public 
co11111ent in most licensing cases. However, due to the extensive public 
interest and conwnent on the 1993 TER, NRC decided to make this draft TER 
available for public conwnent. 

10econmissioning refers to the dismantling and disposal of the mill 
buildings and structures. 

2Reclamation refers to the stabilization and closure of the tailings 
impoundment. 

1-1 NUREG-1532 
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1.2 Site Description 

1.2.1 Location and Description 

The Atlis' Moab Mill site is located in Grand County, Utah. The site is 
located-on the northwest shore of the Colorado q;ver, ~ km (3 miles) north t 
of Moab (Figure 1-1). The site can be accessed from U.S. Highway 191 nort~esf 
Moab. The Atlas mill site encompasses 162 hectares (400 acres) on the outsi~e 
b~nd ?f the Colorado River, at the southern terminus of the Moab canyon. The 
s1te 1s surrounded ?n the north and west sides by high sandstone cliffs. To 
the north and east 1s Moab Wash, to the east and south is the flood plain of 
the Colorado River, and across the river is Moab Marsh. The city of Moab is 
southwest of the marsh. The elevation at the mill is approximately 1130 
meters (3700 feet) above mean sea level (MSL). 

The mill grounds slope generally towards the Colorado River and Moab Wash. 
The substratum upon which the mill was constructed is composed mainly of 
alluvial materials brought down the Moab Canyon and Colorado River. Adjacent 
to the mill site on the north and west are U.S. Highway 191 and Utah Highway 
279, resp,ctively. The Rio Grande Railroad traverses a small section of Atlas 
property, just west of Highway 279, prior to entering a tunnel that emerges 
many kilometers down river. 

1.2.2 Description of Mill Facility 

The processing facility and tailings pond combined, cover approximately 
81 hectares (200 acres) of an available 162 hectares (400 acres) owned by- _ 
Atlas. The mill was authorized to extract uranium oxide (yellowcake) by both 
the acid and alkaline leach processes and was licensed for production at 
850 metric tons (MT, 1,870,000 pounds) of yellowcake annually. During the 
life of the mill, only one tailings pond was used. 

The plant site, before deco1111issioning, was composed of a main processing 
plant, a 53-hectare tailings pond, storage yards, ore receiving facilities, 
various process-related structures, and an office C0111Plex. These structures 
and facilities are enclosed by a four-strand barbed wire fence which prevents 
randO.. access. All structures, including the office complex, are being razed 
during deconnissioning of the facility. 

1.2.3 Description and Characteristics of Tailings 

The majority of the ore for the Atlas Mill came froa the Big Indian Uranium 
District approximately 130 kJI (80 miles) to the southeast. The ore was 
primarily a sandstone with mi"1>r amounts of carbonate. Ore was trucked to the 
mill, ground to a sufficiently fine consistency to allow maximu• efficient 
chemical reactions to occur. It was then processed through either the acid-
1 each circuit or the alkaline-leach circuit, both of which were used in this 
mill. Analysis of the mineral content of the ore would determine which 
circuit the ore would be processed through. After milling, the combined waste 
slurry from both circuits was pumped to the tailings inipaundment. 

The approximate wet weight of the tailings contained within the tailings 
impoundment is determined to be 9.5 million MT (10.5 million tons), with a 
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vol~me.of 5.7 million ~ubic ~e~ers (7.~ million cubic yards). The tailings 
bas1n 1s composed of f1ne ta1l1ngs (slimes}, coarse tailings (sand), and ore 
which was placed there at the end of operation of the mill as part of the 
interim cover. A comp~s~te analysis ~f the tailings by Atlas, determined that 
the average radium act1v1ty of the sl1mes was 1275 picocuries per gram (pCi/g) 
and that of the sands was 241 pCi/g. The activity of the ore in thd tailings 
impoundment was determined to be 213 pCi/g radium. 

1.3 Sjte History and Procosed Action 

The Uranium Reduction Company (URC) built and began operations at the Moab 
Mill in October 1956. Atlas acquired URC in 1962 and operated the mill until 
1984 when it was placed in stand-by status. Atlas holds NRC Source Material 
License SUA-917 for the Moab Mill which was changed to a possession only 
status on December 18, 1992. . 

A deco111111ssioning plan for the mill was approved on November 28, 1988. 
Oeco11111issioning of the mill began in 1988, and interim cover placement over 
the tailings disposal area began in 1989. 

The proposed action is approval of a reclamation plan' for ons1te disposal of 
the: tailings. A reclamation plan' was prepared· by Atlas in 1981 and approved 
by NRC in 1982. This plan was based on the projected life of facility 
disposal capacity requirements; the disposal pile was designed for an ultimate 
crest elevation of 4076 feet. The max1llUll crest elevation constructed befor1 
the mill ceased operation was 4058 feet, resulting in the necessity to revise 
the reclamation plan. In accordanc1· with 10 CFR 40, App1ndix A, Atlas, by· _ -
letter· dated, August 2, 1988, submitted a revised recluation plan for NRC 

·review and approval. NRC staff review of the proposed plan-r1sulted in 
requests for additional inforution, re1v1lu1tion, and redesign·. As a result, 
Atlas submitted. a rev1sad-recluat1on plan (Canonie, 1992). NRC staff review 
of this docUMnt resulted in a request for additional infonution dated 
March 5, 1993. ltevisions to the. 1992 recluation plan were subllittld· by 
letters dated April 14, and April 23,. 1993. On July 20, 1993, NRC noticed in 
the federal Register its intent to approve the recluation plan and made 
available for public c01111nt an environ .. ntal assess .. nt of the effects of the 
proposed action which only addressed the environ111ntal effects of changes to 
the plan approved in 1982. Extensiv• advers1 public c01111nts were received • 
Major concerns and questions r1latad to· s1is•ic and fault evaluations,. the 
potential effects of the Colorado Riv1r and local tributaries on the stab11 ity 
of the disposal c11l, and the need for an updated, caplet• environ .. n-tal 
assess11ent of the entire r1cluation plan, including 1lt1rnativ• disposal 
locations. Th• cownts received prOlll)ted NRC to withdraw~:=_by' Federal 
Req1sternotfc1.d1ted October-a, 1993, its previously noticed intent to 
approve the revised recluat1on plan. By Eecteral Register notice dated 
March 30, 1994, NRC announced its intent to prepar1 an EIS. 

The NRC staff review" that' resulted=· in" th1 die 1s ion· to· approve~ th•' rev had 
recluat1on plan: (and ·noticed· on-July· 20; 1993, in:~th•JJld•r•l Rn1stec), 
focused only on- rev1Sions·"t·o, the· previously- approvad:·:re·c1aut1'on~plan•."' Due to 
the extensive public coanents·,- NRC- d1cidld .. to reevalu1t1-th1 revisld. · 
reel a.at ion- pl an~ in- its--ent,i rety.,,~ Thh~-lead. to· a~dittonaJ,, requests .. for 
information by the'"staff and to subcltttals by Atlas~- in"response·,,..··in 
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January 1994, June 1994,- and March. 1995. As a result, the reclamation plan 
reviewed by the NRC staff consists of-the following documents: 
1. Base Reclamation Plan of June 1992 (Canonie, 1992), 

. 2. April ·1993 Response (Canonie, 1993), 
3. Jan11ary 1994 Response (Canonie, 1994a), 
4. June 1994 Response (Canonie, 1994b), and 
5. March 1995 Response (Canonie, 1995). 

1.4 Review Process and TER Organization 

The NRC staff rev1ew was performed in accordance with the Final Standard 
Review Plan (SRP) for the Review and Remedial Action of Inactive Mill 
Tailings Sites under Title I of the Uranium Mill Tailings Radiation Control 
Act (UMTRCA), Revision 1 (NRC, 1993) and is a comprehensive assessment of 
Atlas' proposed reclamation plan as documented by this TER. Appendix A to 
10 CFR Part 40 contains the technical requirements for disposition of tailings 
and waste produced fro111 the extraction or concentration of source material 
from ores. The TER is organized by the technical disciplines involved in the 
assessment of the reclamation.plan to assure compliance with Appendix A. Each 
section describes the compliance with the applicable Criteria in Appendix A as 
it pertains to the specific discipline addressed in that section. Sections 2, 
3 and 4 provide the technical basis for the NRC staff's conclusions with 
respect to long-tent stability, Section 5 the plan's compliance with 
groundwater standards, and Section 6 describes radon control assessment. 
Section 7 provides a criterion by criterion evaluation of the reclamation plan 
with respect to Appendix A. 

1.5 Ooen Issyes 

The NRC staff review of the reclamation plan identified a number of issues 
that have not been adequately resolved through previous rounds of questions 
and requests for information. These open issues are given in Table 1-1. 
Until these open issues are adequately resolved, the staff can not support the 
issuance of a license amendment approving the proposed reclamation plan. 

Table 1-1: Open Issues 

Open Issue Section· 

1. Whether or not the Moab fault and the West Branch fault 2.4.1.1 
are capable faults. 

2. The nature and consequences of the buried fault or scarp 2.4.1.2 
beneath the southern edge of the tailinqs. 

3. The nature and rate of future subsidence at the site. 2 .4.1.3 

3Although the SRP is written for the UMTRCA Title I progr111, the 
applicable standards for the Title II progrill are similar. Division of Waste 
Management guidance directs the staff to use this SRP for Title II reviews to 
the extent practicable. 
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4. Whether or not, or in what way, migrating sand dunes 
miqht adversely affect the tailings in the future. 

5. Whether or not a potential landslide hazard exists from 
Poison Spider Mesa escarpment. 

6. The licensee has not provided sufficient information to 
evaluate the seismic desiqn basis for the site. 

7. In order to complete the characterization of the 
tailings and the settlement analysis, the licensee needs to 
submit additional piezocone information. Prior to approval 
of the settlement evaluation, the licensee should submit a 
field exploration plan for the piezocone exploration 
proqram. 

8. The staff cannot conclude that the slopes of the 
disposal cell are designed to endure the effects of the 
geologic processes and events, including resistance to 
earthquake and settlement, to which they may reasonably be 
subjected during the design life and that the analyses have 
been made in a manner consistent with Chapter 2 of the SRP 
CNRC, 1993). 

9. The licensee is currently reevaluating the liquefaction 
potential for the site. The staff's liquefaction analysis 
review has been suspended until the licensee's reevaluation 
is complete and the results are made available. Thus, the 
staff cannot conclude that there is adequate assurance of 
safety with respect to liauefaction damage. 
10. The licensee should provide adequate, detatltd 
construction specifications (or a quality assurance 
program) for field testing the 110isture content of the 
radon barrier soils when lift olacement is interruoted. 

11. Portions of the technical specifications have been 
superseded by later subllittals, such as the revised cover 
design; however, the specifications have not been updated 
to reflect these revisions. The technical specifications 
need to be consistent with the reclamation desian. 

12. The specifications per11i.t the placement of fill in 18-
inch-thick lifts; however, such lift thicknesses make 
unifon1 cQ11Paction difficult to achieve~ The licensee 
should either specify more workable lift thicknesses or 
describe applicable procedures for verifying that thorough 
compaction has been achieved. 
13. The licensee has not formally subllitted revisions to 
erosion protection features that have been revised; 
subsequently, inconsistencies with previous subllittals 
exist. Additionally, details of layer thicknesses and 
gradations have not been orovided. 
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14. Consequences, with respect to erosion protection, of 
severe landslides have not been adequately addressed. 

4.5.l.3.2 

15. The licensee must provide additional data to support 5.2.4 
its interpretation of groun~water flow directions and 
gradients in the alluvial aquifer near the southern 
property boundary of the site. 

16. The licensee must provide data showing that monitoring 5.2.5 
well AMM-1 is not influenced by contaminants from the 
former ore storage oad. 

17. The licensee must clarify whether it plans to take 5.3 
engineering credit for any disposal cell component for 
meeting compliance with the groundwater protection 
standards for the site. If engineering credit is taken, 
costs associated with achieving the necessary cover 
permeability must be incorporated into the reclamation 
plan. 

18. The licensee must provide a sampling plan for Ra-226 6.2.2 
analysis of the upper 3 to 4 feet of coarse tailings and 
the technical basis for modeling the coarse tailings on the 

. sides 1 opes as being· homogenous (i.e., ·a single layer) for 
Ra-226 concentration. 

19. The licensee must provide the ga11111a survey and sampling 6.2.3 
procedures for verification of tailings cleanup in the Moab 
Wash sandy soil borrow area for NRC approval. Also provide 
revised Reclamation Plan Specifications (Section 1.14 and 
5.3.3) and page 40 of the text to indicate that the 
background soil Ra-226 value is the average value approved 
by NRC to demonstrate that the radon barrier will comply 
with Criterion 6 (5). 

20. The licensee must include in the testing progra• for 6.2.3 
the clay borrow material, analysis and/or ga11111a surveys 
determine its Ra-226 value, to demonstrate that the radon 
barrier will comoly with Criterion 6 (5). 

1.6 Confirmatory Items 

The NRC staff review of the Reclamation Plan identified several instances in · 
which the licensee had agreed to revision of the Reclamation Plan but has not 
formally provided that revision. These items, which the staff considers to be 
confirmatory itet1s, are given in Table 1-2. Confirmatory items must be 
resolved before the staff can support the .issuance of a 1 icense amendment 
approving the proposed reclamation plan. 
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Table 1-2: Confirmatory Items 

Confirmatory Item 

1. Provide revised Recla~1tion Plan pages pertaining to the 
method of composite sampling for ore and tailings to 
accurately describe the samoling program. 

2. Incorporate in the Reclamation Plan, the proposed 
testing program for "affected• soil to substantiate the 
radon flux model/calculation parameter values. 

3. Incorporate in the Reclamation Plan, the final clay 
borrow area proposed testing program to substantiate the 
radon flux model parameter values for the clay material. 
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4.0 SURFACE WATER HYDROLOGY AND EROSION PROTECTION 

4.1 IntrOdyction 

This section of the TER describes the staff's review of surface water 
hydrology and erosion protection issues related to long-term stability. In 
this section, the staff provides the technical bases for the acceptability of 
the licensee's reclamation design. Review areas that are covered include: 
estimates of flood magnitudes; water surface elevations and velocities; sizing 
of riprap to be used for erosion protection; long-term durability of the 
erosion protection; and testing and inspection procedures to be implemented 
during construction. 

4.2 Hydrologic Description and Site Conceptyal Design 

The Atlas tailings disposal area is located on a river terrace approximately 
500 to 700 feet from the Colorado River and approximately 3 miles north of the 
town of Moab, Utah. Moab Wash, an ephemeral stream with a drainage area of 
about 5 square miles, is located along the north and east sides of the 
tailings impoundment. The site is surrounded by the near-vertical sandstone 
cliffs of the Moab Valley. 

To comply with Criterion 6 of 10.CFR 40, Appendix A, which requires stability 
of the tailings for 1000 years to the extent reasonably achievable and in any 
case for 200 years, the licensee proposes to reclai• the tailings impoundment 
in place and to protect the tailings from flooding and erosion. The design 
basis events for design of erosion protection include the Probable Maximum 
Precipitation (PMP) and the Probable Maximu• Flood (PMF) events, both of which 
are considered to have very low probabilities of occurring during the 
1000-year stabilization period. 

As shown in Figure 4-1, the top surface of the tailings impoundment will be 
reconfigured to drain toward three collection ditches, and the embankment side 
slopes will be flattened to 10H:3V except at the southwest corner where the 
slopes will be lOH:lV. The three collection ditches on the top surface will 
merge to for11 the Upper lmpoundllent Drainage Channel. This channel will 
convey flood runoff into the Lower Impoundmant Drainage Channel, which will 
then discharge into Moab Wash. Moab Wash will be reconfigured to convey flood 
flows into the Colorado River east of the tailings pile. The Southwest Runoff 
Drainage Channel will divert runoff fr09 the side slopes on the southwest side 
of the reclaimed impound11ent and fr09 the sandstone bluffs southwest of the 
channel. · · 

To protect against erosion, the top and side slopes of the tailings . 
impoundment will be covered with layers of rock riprap. At the toes of 
the side slopes, a riprap apron/toe will be constructed to provide 
protection against the potential migration of Moab Wash and the Colorado 
River. The collection ditches and drainage channels will also be protected 
with riprap. 

For Moab Wash, the licensee proposes to excavate a new channel as far away 
from tailings as possible. The reconfigured channel will flow eastward across 

4-1 NUREG-1532 



:z c: 
::a ,.., 
G) 
I -UI 
w 
N 

-I N 

..... 

\ ... --~.·. 
'lillt.~. 

................. ,"' 

.... p ...... 

~-RECvU/11£0 
IMl'Ol.NJMENT 

·-1····----·· 

-·-•!•""'•'·.,..,. 
·~-... ........ . 

.... ,. ··-·· ...... "-·· l1,1r• • .,.,_,., 

:.~··~1.:.·~· ....... -
......_.,_ .. ···•···· ........ . ................. 

--··· ... ·''°"" . -.- ..... 

······--···"" llOllQll(I ......... 

--....-........ ··-- ...... ,., ....... . .. a.,."'·· ... 
..,......._,. ,. , .............. . 
""'"' ... D ...... . 

1_-:-1 
D ..... 

l'lAN ll1fw lll 
Hfl.LAIM[lJ ~NI 

ATLAS CORPOOATK>N 

DENVER, COLORAOO 

Canoa1eE11v 11 1 4 11 1 ~ ·r 11. ii 



• • • • 

• • • • 
• • • • • • • 

the floodplain and into the Colorado River upstream of the site. 
will provide a shallow trapezoidal channel designed for the PMF. 
approximately the center of the main channel, a low-flow channel 
constructed to convey flows up to the 200-year flood . 

4.3 Flooding Determin~tions 

The design 
At 

w i 11 be 

The computation of peak flood discharges for various site design features and 
nearby hydrologic features was performed by the licensee in several steps . 
These steps included: (1) selection of a design rainfall event; 
(2) determination of infiltration losses; (3) determination of times of 
concentration; (4) determination of appropriate rainfall distributions, 
corresponding to the computed times of concentration; and (5) calculation of 
flood discharge. Input parameters were derived from each of these steps and 
were then used to determine the peak flood discharges to be used in water 
surface profile modelling (Section 4.4) and in the final determination of rock 
sizes for erosion protection (Section 4.5). 

4.3.1 Selection of Design Rainfall Event 

One of the phenomena most likely to affect long-term stability is surface 
water erosion. To mitigate the potential effects of surface water erosion, 
the staff considers that it is very important to select an appropriately 
conservative rainfall event on which to base the flood protection designs. 
Further, the staff considers that the selection of a design flood event should 
not be based on the extrapolation of limited historical flood data, due to the 
unknown level of accuracy associated with such an extrapolation. The licensee 
utilized a PMP computed by deterministic methods (rather than statistical 
methods) and based on site-specific hydrometeorological characteristics. The 
PMP has been defined as the most severe reasonably possible rainfall event 
that could occur as a result of a combination of the most severe 
meteorological conditions occurring over a watershed. No recurrence interval 
is normally assigned to the PMP; however, the staff has concluded that the 
probability of such an event being equalled or exceeded during the 1000-year 
stability period is very low. Accordingly, the PMP is considered by the NRC 
staff to provide an acceptable design basis . 

Prior to determining the runoff from the drainage basin, the flooding analysis 
requires the determination of PMP amounts for the specific site location . 
Techniques for detenaining the PMP have been developed for the United States 
by Federal agencies in the for111 of hydrometeorological reports for specific 
regions. These techniques are widely used and provide straightforward 
procedures with minimal variability. The staff, therefore, concludes that use 
of these reports to derive PM~ estimates is acceptable. 

PMP values were estimated by the licensee using Hydrometeorological Report No . 
49 (HMR-49) (NOAA, 1977). The report provides information on distributing the 
rainfall that falls over a particular drainage area; during a PMP event these 
rainfall amounts vary inversely with the size of the area (the smaller the 
area the larger the average rainfall). A 1-hour PMP of 7.4 inches a~d a.6-
hour PMP of 9.36 inches were used by the licensee as a basis for est1mat1ng a 
PMF for Moab Wash which has a drainage area of 5 square miles. For the 
smaller areas at the site such as the pile top, embankment side slopes, and 
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the discharge channels, a I-hour PMP of 8.25 inches was used. For the 
Colorado River, the licensee did not calculate the PMF using PMP values· 
rather, the licensee used existing PMF studies to estimate the PMF (See' 
Section 4.3.5.5). 

The licensee's procedures for estimating PMP values were reviewed, and it was 
concluded that a 1-hour PMP of 7.4 inches and a 6-hour PMP of 9.36 inches are 
acceptable for Moab Wash. For the other small drainage areas at the site, it 
was concluded that a I-hour PMP of 8.25 inches was acceptable. Based on staff 
review of the rainfall computations, the staff concludes that the PMP was 
acceptably derived for this site. 

4.3.2 Infiltration Losses 

In addition to the amount of precipitation, the detennination of the peak 
runoff rate is also dependent on the amount of precipitation that infiltrates 
into the ground during its occurrence and therefore does not contribute to 
flood flows. If the ground is saturated from previous rains, very little of 
the rainfall will infiltrate and most of it will become surface runoff. The 
loss rate is highly variable, depending on the vegetation and soil 
characteristics of the watershed. Typically, all runoff models incorporate a 
variable runoff coefficient or variable runoff rates. Corrmonly-used models 
such as the U.S. Bureau of Reclamation (USSR) Rational Formula (USSR, 1977) 
incorporate a runoff coefficient (C); a C value of 1 represents lOOI runoff 
and no infiltration. Other models such as the U.S. An11y Corps of Engineers· 
Flood Hydrograph Package HEC-1 (COE, 1988) separately compute infiltration 
losses within a certain period of time to arrive at a runoff amount during 
that time period. 

In computing the peak flow rate for the small drainage areas at the site, the 
licensee used the Rational Formula (USSR, 1977). In this formula, the runoff 
coefficient was assumed to be unity; that is, the licensee assumed that no 
infiltration would occur. Based on a review of the computations, the staff 
concludes that this is a conservative assumption and is, therefore, 
acceptable. 

The licensee used HEC-1 to estimate PMF values for larger drainage areas such 
as the drainage channels and Moab Wash. Basin characteristics used as input 
parameters to HEC-1 were detenained by the licensee using the U.S. Soil 
Conservation Service Curve NUlllber (CN) Method (USSR, 1977). The CN of an area 
is an indication of the allOUnt of precipitation that will result in runoff. 
It is based on the soil and vegetation characteristics of a drainage area and 
on the soil moisture levels existing prior to the design ston1 event. In 
estimating CN values, the licensee assumed that the soil moisture at the 
beginning of the PMP event would be close to saturation. This resulted in 
conservative PMFs, because saturated soil conditions limit the amount of 
infiltration that will occur and max1m1ze the amount of runoff. 

4.3.3 Times of Concentration 

The time of concentration (t ) is the amount of time required for runoff to 
reach the outlet of a drainage basin fra11 the most remote point in that basin. 
The peak runoff for a given drainage basin is inversely proportional to the 
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time of concentration. If the time of concentration is computed to be small 
the peak discharge will be conservatively large. Times of concentration ' 
and/or lag times are typically computed using empirical relationships such as 
those developed by Federal agencies (USBR, 1977). Velocity-based approaches 
are also used when accurate estimates are needed. Such approaches rely on 
estimates of actual flow velocities to determine the time of concentration of 
a drainage basin. 

Times of concentration for the riprap design were estimated by the licensee 
using several methods, such as the Kirpich Method (USSR, 1977) and the 
Manning's Equation (Chow, 1959). Such methods are generally accepted in 
engineering practice and are considered by the staff to be appropriate for 
estimating times of concentration. Based a review of the calculations 
provided, the staff concludes that the tc values used by the licensee were 
acceptably derived. 

4.3.4 Ra~nfall Distributions 

After the PMP is determined, it is necessary to determine the rainfall 
intensities corresponding to shorter rainfall durations and times of 
concentration. A typical PHP value is derived for periods of about one hour. 
If the time of concentration is less than one hour, it is necessary to . 
extrapolate the data presented in the various hydrometeorological reports to 
shorter time periods. The licensee utilized a procedure recommended in HMR-49 
(NOAA, 1977) and by the NRC staff (NRC, 1990). This procedure involves the· 
determination of rainfall amounts as a percentage of the one-hour PMP, and 
computes rainfall amounts and intensities for very short periods of time. 

To determine peak flood flows for the pile (for a PMP of 8.25 inches), 
approximate PMP rainfall intensities were derived by the licensee as shown in 
Table 4-1. 

Table 4-1: PHP Rainfall Intensity 

Rainfall Duration Rainfall Intensity 
{minutes) {inches/hr) 

2.5 54.S 

s.o 44.5 

15.0 24.4 

60.0 8.25 

The staff checked the rainfall intensities for the short durations associated 
with small drainage basins. Based on a review of this aspect of the flooding 
determination, the staff concludes that the computed peak rainfall intensities 
are acceptable. 

The temporal distribution of rainfall is the sequence in which a sto~ occurs. 
For example, in some storms, such as the PHP in HMR-49, the largest lncrements 
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of rainfall occur at the beginning of the storm and taper off as the rainfall 
continues. In other storms, rainfall begins.slowly, increasing in intensity 
to a peak near the center of the storm durat1on before it begins to taper off 
It has been shown that a rainfall distribution that peaks near the center of · 
the storm duration results in the most conservative (largest) PMF peak 
discharge. In order to obtain conservative PMF estimates the licensee 
resequenced the incremental rainfall amounts from HMR-49 ;o that the largest 
rainfall increments occurred near the center of the storm duration. The 
resequence~ PMP amounts, CN values, tc estimates and other parameters were 
t~en used 1,n the HEC-1 com~uter.program for calculating appropriate PMF peak 
d1scharges for the collect1on dltches, drainage channels, and Moab Wash. 
Based on its review of these aspects of the flood determinations, the staff 
concludes that appropriate rainfall distributions were used.· 

4.3.5 Computation of PMF 

Various methods are used to determine peak PMF flows, depending on the 
location of the feature, the drainage area, and other factors. 

4.3.5.1 Top and Side Slopes 

To estimate PMF peak discharges for the impoundment top and embankment side 
slopes, the licensee used the Rational Method (Chow, 1959). This method is a 
simple procedure for estimating flood discharges that is reconnended in the 
Staff Technical Position (STP) on Erosion Protection (NRC, 1990). In using. 
the Rational Method, the licensee conservatively assumed a runoff coefficient 
equal to one. This means that the entire PMP would result in runoff, i.e., 
there would be no losses due to infiltration and evapotransp1ration. -

For a maximum top slope length of 1440 feet (with a slope of 0.018) and a side 
slope length of 310 feet (with a slope of 0.3), the licensee estimated the 
peak flow rates to be about 1.0 cubic feet per second per foot of width 
(cfs/ft) for the-top slope and 0.4 cfs/ft for the side slope. For the 10 
percent slope at the extreme southern end of the pile, the peak flow rate was 
estimated to be 0.7 cfs/ft. Based on a review of the calculations, including 
the time of concentration, rainfall intensity, and runoff, the staff concludes 
that the estimates are acceptable. 

4.3.5.2 Apron/Toe 

PMF flow rates for overland flow for the downstrea• apron were estimated by 
the licensee and are similar to the flow rates for the side slopes. As 
discussed above,. the flow rates are considered to be acceptable. 

4.3.5.3 Collection Ditches and Drainage Channels 

Peak PMF discharges for the collection ditches and drainage channels were 
estimated by the licensee using the HEC-1 computer program. The program was 
developed by the U.S. Army Corps of Engineers (COE, 1988), and is a widely 
used and accepted procedure for estimating flood peak discharges. The method 
is reconnended by the NRC staff (NRC, 1990) and is therefore, acceptable. 

Table 4-2 contains a summary of the licensee's calculated PMF peak discharges 
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for the collection di~ches, the Upper Impoundment Drainage Channel (UIOC), ~he 
Lower Impoundment Drainage Channel (LIDC), and the Southwest Diversion Channel 
( swoc). 

Table 4-2: PMF Peak Discharge 

Drainage Area PMF 
Channel (sauare miles) ( cfs) 

Co 11 ect ion Ditch 1 .02 376 
Co 11 ect ion Ditch 2 .03 482 
Collection Ditch 3 .04 614 

UIDC .08 1638 

LIOC .09 1640 

swoc .09 1723 

The flow rate for the LIDC, for example, represents a discharge of about 
18,000 cfs/mi 2• These flow rates were compared with published historic 
maximum flood rates (Crippen and Bue, 1977). Based on a review of the . 
calculations and comparison with historic floods, the licensee's estimates are 
acceptable. 

4.3.5.4 Moab Wash 

To evaluate the adequacy of the licensee's estimated PMF peak discharge for 
Moab Wash, an independent calculation was performed by the NRC staff. Using 
the 1:24,000 scale map provided by the licensee, the staff first. verified the 
licensee's estimate of the Moab Wash drainage area (5 square miles). The 
incremental PMP values were then arranged to provide the largest possible 
flood peak discharge. A curve number of 93 was then selected (see discussion 
of curve numbers above; a CN•lOO would mean that 100 percent of the rainfall 
would result in runoff). Using HEC-1, the staff estimated a PMF peak discharge 
of 16,069 cfs. This compares favorably with the licensee's estimate of 16,129 
cfs. Based on this close comparison, it was concluded that the licensee's PMF 
estimate for Moab Wash is acceptable. 

4.3.5.5 Colorado River 

The licensee did not independently estimate a PMF peak discharge for the 
Colorado River. Instead, existing flood data were reviewed and a search was 
conducted for additional studies of floods in the area. The review provided a 
range of Colorado River flood events that included the highest recorded flood, 
the 100-year, 200-year, and 500-year floods, and two estimates of the PMF. 
The highest recorded flow, as reported by the U.S. Geological Survey (USGS) 
for Moab, Utah, was 77,000 cfs in 1917. The USGS estimated 100-year, 200-
year, and 500-year flood discharges of 99,500 cfs, 109,500 cfs, and 123,500. 
cfs, respectively. However, these estimates are for the nearest stream gaging 
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station which is at Cisco, Utah, located about 35 miles upstream of Moab. 

A PMF peak discharge (300,000 cfs) was previously estimated by the NRC staff. 
This esti~ate was developed by adjusting the Standard Project Flood estimate 
of the Corps of Engineers. As a result, it was recognized that the estimate 
was likely to ~e conservative. It was significantly higher, however, than the 
178,000 cfs estimated by Dames & Moore and reported by Atlas in the May 1984 
renewal application. 

In reviewing the licensee's reported historic and estimated extreme flood peak 
discharges for the Colorado River, the NRC staff contacted the USSR. The USBR 
reported that they have not performed any comprehensive flood studies of the 
Colorado River at Moab, Utah. However, PMF reports are available for Hoover 
and Glen Canyon Dams, which are located on the Colorado River downstream of 
Moab (USSR, 1990). The PMF developed for the Colorado River at Glen Canyon 
Dam had a peak discharge of 697,000 cfs. This is more than twice as large as 
the largest recorded flood in the Colorado River which occurred at the site of 
Hoover Dam in July of 1884. That flood had a peak discharge of about 300,000 
cfs. The NRC staff recognizes that these studies are not applicable to the 
Moab site since the drainage areas at these dam sites are considerably larger; 
however, they can be used to obtain a rough estimate of a PMF at Moab. Chow 
states that, "In some homogeneous areas where tc is a simple function of area, 
the peak rates will vary directly with some power of the area, usually 0.5 
(Chow, 1959).• The Colorado River at Glen Canyon Dam has a drainage area of 
108,000 square miles (USSR, 1990). By comparison, the drainage area for the 
Colorado River at Moab, Utah is about 25,000 square miles, according to the 
licensee's May 1984 renewal application. Using the Chow relationship, a rough 
estimate of the PMF for the Colorado River at Moab would be 335,300 cfs. 
Therefore, assuming a PMF peak discharge of 300,000 at Moab appears to be 
reasonable and acceptable. This estimate was used by the licensee. 

The staff's assessment of flood potential also included a review of paleoflood 
data for the Colorado River basin. These data were presented in "Paleoflood 
Evidence for a Natural Upper Bound to Flood Magnitudes in the Colorado River 
Basin• (Enzel et al., 1993). In this report, the authors indicate that the 
largest flood on the Colorado River occurred about 4000 years ago. This flood 
had a magnitude of about 495,000 cfs (14,000 cubic meters per second) at Lee's 
Ferry (Glen Canyon Da11), where the drainage area is about 108,000 square miles 
(279,000 square kilometers). This flood magnitude ts less than the estimated 
PMF peak discharge of 697,000 cfs. No data were presented to estimate the 
magnitude of this historical flood at t_he site; however, using similar 
relationships to those discussed by Chow (1959) and discussed above, an 
approximate estimate of the maximum historical flood at the site (where the 
drainage area is about 25,000 sq~are miles) would be approximately 238,000 
cfs. This discharge is also less than the PMF estimate of 300,000 cfs. 

4.4 Water Syrface Profiles and Channel Velocities 

Following the determination of the peak flood discharge, it is necessary to 
determine the resulting water levels, velocities, and shear stresses 
associated with that discharge. These parameters then provide the basis for 
the determination of the required riprap size and layer thickness needed to 
ensure stability during the occurrence of the design event. 
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4.4.l Top and Side Slopes 

In determining riprap requirements for the top and side slopes, the licensee 
used the Safety Factors Method (Stevens et al., 1976) and the Stephenson 
Method (Stephenson, 1979), respectively. The Safety Factors Method is used 
for relatively flat slopes of less than 10 per~ent; the Stephenson Method is 
used for slopes greater than 10 percent. The validity of these design 
approaches has been verified by the NRC staff through the use of flume tests 
at Colorado State University. It was determined that the selection of an 
appropriate design procedure depends on the magnitude of the slope (Abt et 
al., 1987). The staff, therefore, concludes that the procedures and design 
approaches used by the licensee are acceptable and reflect state-of-the-art 
methods for designing riprap erosion protection. Input parameters and design 
methods for riprap sizing are discussed further in Section 4.5. 

4.4.2 Apron/Toe 

The design of the apron/toe for this site must be adequate to withstand forces 
from several different phenomena and is based on the following general 
concepts: (1) provide riprap of adequate size to be stable against.overland 
(downslope) flows produced by the design storm (PMP), with allowances for 
turbulence along the downstrea~ portion of the toe; (2) provide uniform and/or 
gentle grades along the apron and the adjacent ground surface such that runoff 
is· distributed uniformly onto natural ground at a relatively low velocity, 
minimizing the potential for flow concentration and erosion; (3) provide . 
riprap of adequate size to withstand expected peak flow velocities and scour 
in Moab Wash, assuming that the channel has eroded and is located in the 
i11111ediate area of the toe; (4) provide riprap to resist the highest velocities 
and shear forces expected in the Colorado River channel (such velocities and 
shear forces may not occur during the PMF, but may occur at lesser river flows 
where the backwater effects of the Portal area are not present); and (5) 
provide an adequate apron length and quantity of rock to allow the rock apron 
to collapse into a stable configuration if the main channel of the Colorado 
River eroded toward the site. 

Several analytical methods were used for designing the riprap for the 
apron/toe, depending on its location relative to Moab Wash and the Colorado 
River. Additional detailed discussion of the riprap design of various 
components of the apron/toe can be found in Section 4.5.1.2, below. 

4.4.3 Collection Ditches and Drainage Channels 

Using the PMF peak discharges discussed above, flood control features such as· 
collection ditches and drainage channels were designed by the licensee. For 
the trapezoidal-shaped ditches and channels with little variation in slope or 
shape, the licensee determined water surface elevations and flow velocities 
associated with the PMF peak discharges by calculating normal depth (Chow, 
1959). Normal depth calculations are generally acceptable for the design of 
riprap erosion protection. In some cases, flow profiles and velocities were 
calculated by the licensee using the computer program HEC-2 (COE, 1991). This 
method is considered to be an acceptable computational method for estimating 
water surface elevations, flow depths, and flow velocities and is reco11111ended 
by the staff (NRC, 1990). Based on a review of the licensee's computations, 
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the staff concludes that the estimates of flow velocity and depth of flow are acceptable. 

4.4.4 Moab Wash 

There is a potential for the ~ation of the main channel of Moab Wash toward 
the tailings pile. The NRC stafr reviewed information and analyses provided 
by the licensee related to chanpel migration and conducted independent field 
investigations in the Moab Wash channel and overbank area. Based on available 
information, the staff is concerned that during the 1000-year design life, 
Moab Wash may vary its location periodically and unpredictably, and the 
licensee has provided no basis to conclude that Moab Wash cannot move to a 
location adjacent to the reclaimed tailings impoundment. To prevent erosion 
into the tailings embankment, the licensee proposes to provide a large rock 
toe/apron along the toe of the embankment adjacent to Moab Wash. 

Assuming migration of the channel to the toe of the pile, the licensee 
estimated water surface elevations and flow velocities using HEC-Z. The staff 
reviewed the HEC-Z output files that were provided by the licensee. These 
files provided information regarding maximum water surface elevations and 
velocities and included both subcritical and supercritical flow profiles for 
Moab Wash. Since the supercritical profile resulted in the highest 
velocities, this profile was used by the licensee to estimate the depth of 
scour and the configuration of the buried rock wall. Based on staff review of 
both the supercritical profile and the subcritical profile, the staff. 
concludes that the profiles and velocities were acceptably derived. · 

In developing the profiles, the licensee used various conservative assumptions 
regarding the location and configuration of Moab Wash. In addition to the 
technical bases established by the calculations associated with PMF flows, 
there are several qualitative reasons for the staff to conclude that the design is acceptable. 

First, it is not likely that the channel will migrate all the way to the toe 
of the pile. A positive slope of about one percent will be maintained from 
the toe of the embankment toward the main low-flow channel. A large amount of 
soil will ~eed to be eroded before complete channel migration or avulsion occurs. 

Second, the main channel of Moab Wash was assumed to have the same elevation 
in a mi~rated condition as its design condition. It is more likely that the 
channel will have a higher elevation, since it will be eroding into a mass of 
natural stream deposits in the overbank area that are at a higher elevation. 
The licensee's estimates of scour depth (See Section 4.5.1.2.Z) are therefore 
conservative, since the migrated channel invert is assumed to be the same as the design condition. 

Third velocities were calculated assuming that the channel retained the same 
conff 9uratf on following migration. Such a~ assumption ts co~servattve! s1nce 
the eroded channel is likely to be less un1form and have a hlgher Mann1ng s 
'n' value, resulting in a decrease in velocities. 

Fourth, the proposed location of Moab Wash is roughly equivalent to the 
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location of the channel prior to initial construction of the Atlas facility. 
The existing (relocated) channel of Moab Wash adjacent to the tailings pile 
was realigned to allow for construction of the mill buildings. Based on 
review of the information provided by the licensee, the channel is more likely 
to remain in its undisturbed location, rather than migrate. 

Fifth, this area is an aggrading alluvial fan area (Mussetter and Harvey, 
1994), and deposition along Moab Wash will continue to occur. Such increases 
in elevation will increase the conservatisms associated with scour depth and 
the bottom elevation of the buried riprap wall. 

4.4.5 Colorado River 

The licensee provided detailed information and analyses {Mussetter and Harvey, 
1994) and used the HEC-Z computer program to evaluate the hydraulic 
characteristics of the Colorado River in the 111111ediate vicinity of the 
reclaimed pile. The study area extended from the Portal area {downstream of 
the pile) to a location upstream of the U. S. Highway 191 bridge (upstream of 
the pile) . 

For these water surface profile analyses, the licensee surveyed fourteen cross 
sections of the river. The surveyed sections were tied to the State Plane 
Coordinate System and were extended into the overbank area using data from 
available topographic maps. Construction drawings for the Route 191 highway 
bridge were obtained from the Utah Department of Highways and Transportation·~ 

The licensee first calibrated the HEC-Z model by comparing model results to 
observed high water marks for known discharges. This calibration was done to 
verify that input parameters to the model, such as Manning's 'n' value, were 
appropriate. Comparisons were performed for discharges ranging from 4000 cfs 
to 48,900 cfs. In addition, the predicted water surface elevation at the toe 
of the tailings pile for a discharge of 70,300 (peak flow rate of the 1984 
flood) was consistent with local observations in 1984 that the flood reached 
the toe of the. tailings pile. 

Following calibration of the HEC-2 model, the licensee analyzed water surface 
profiles and velocities for various discharges up to the magnitude of the PMF. 
A su11111ary of the analyses is provided 1n Table 4-3 for cross section 5, which 
is located near the upstre111 end of the pile • 

For explanation purposes, the event 1s a brief description of the flow that 
was analyzed; the flow rate is the flood discharge in cubic feet per second 
(cfs) for that event; the water surface elevation is the water surface 
elevation in feet above mean sea level (ft msl) at cross section 5; the 
channel velocity is the average velocity in feet per second (ft/sec) in the 
main channel of the Colorado River at cross section 5; and the overbank 
velocity 1s the average velocity in ft/sec in the overbank area adjacent to 
the pile at cross section 5 and is used to conservatively represent the 
maximum velocity that will occur on the pile side slopes. Cross section 5 was 
chosen because the computed channel velocities are higher than those at cross 
section 6. 
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Table 4-3: Water Surface Profiles and Velocities 

Flow Rate Water Surface Channel Overbank 
(cfs) Elevation Velocity Velocity 

(ft msl) lft/sec) (ft/sec) 

Calibration 4000 3952.0 2.51 ---
Calibration 20,000 3959.1 4.08 ---
1993 Flood 48,900 3964.7 6.03 0 .17 
1984 Flood 70,300 3967.6 6.91 0.56 
500-vear Flood 123.500 3975.8 5.75 0.98 
PMF (Atlas\ 178.000 3983.1 4.61 0.90 

PMF lNRCl 300,000 3996.7 3.14 0. 71 

The HEC-2 analysis performed by the licensee indicated that a peak discharge 
of 300,000 cfs in the Colorado River would result in an elevation of about 
3996.7 ft msl. The maximu• flow velocity occurred at a discharge of about 
70,000 cfs and was about 7 ft/sec. The toe of the tailings impoundment is at 
an elevation of about 3968 feet. Therefore, a PMF discharge of 300,000 cfs 
would result in a depth of water of about 29 feet against the tailings 
impoundment. The maxilllWI flow velocity (1n th• overbank against the side 
slope) of about one foot per second 1s well below the velocity considered to 
cause erosion to the rock armored impoundment side slopes. The licensee 
concluded that the riprap proposed for th• impoundllent side slopes is adequate 
for resisting extre11e floods in the Colorado River (See Section 4.5, below). 

To independently verify the licensee's conclusions, a sensitivity study was 
performed assuming a larger flood discharge in the Colorado River. This 
analysis indicated that even a discharge of 600,000 cfs (the approximate PMF 
at Hoover Dam) would not result in erosive flow velocities against the 
tailings 1mpoundment. Such a discharge would have a maxillUll flow velocity 
against the reclaimed tailings of about 1.6 feet per second (fps), even though 
the toe of the pile would be inundated by about SO feet of water. 

Such low flow velocities result frOll a narrow gorge 2 miles downstream of the 
mill site called the Portal. This channel constriction has limited flood 
carrying capacity; consequently, during an extreme flood event, floodwaters 
will pond in the wide river channel and overbank areas upstre111 of the Portal. 
This situation is analogous to that of a dam which ponds water 1n the upper 
end of its reservoir due to the limited capacity of the outlet. For example, 
during routine flows, a river channel flowing into the reservoir may have flow 
velocities in excess of 10 ft/sec; however, if reser'Voir ponding occurs to 
inundate the channel, the velocity could be less than one ft/sec in the same 
channel for a larger flow rate. This is essentially what happens on the 
Colorado River near the Atlas site during large floods. The river channel at 
the Portal is capable of discharging only a relatively low (compared to areas 
upstrea11) flow, and when that flow rate is exceeded, ponding occurs, reducing 
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velocities upstream of the Portal. 

In spite of the low velocities that are produced during the occurrence of 
major flood flows, the staff is concerned that there is a potential for the 
Colorado River to migrate and possibly reach the toe of the reclaimed tailings 
disposal area. These concerns are based on staff observations ano review of 
licensee analyses which indicate that erosion will occur during lesser flood 
events and this erosion is currently on-going in the i11111ediate site area. 
Further, the Colorado river may have once been located north of the pile, and 
there is no assurance that it could not migrate northward to this location 
again. The licensee has indicated that the potential for migration is very 
low and that there are several bases supporting this low probability. The 
staff requested that Atlas provide quantitative evidence to support this 
conclusion; however, Atlas was not able to do so. Therefore, Atlas intends to 
provide a large rock apron at the toe of the disposal cell to protect the pile 
from erosion. The apron will be located on the southeastern side of the pile 
and will be designed to collapse into the channel, if migration occurs. The 
staff concludes that providing such a design measure 1s appropriate, since 
quantitative proof of channel stability cannot be provided. 

However, the staff reviewed the licensee's qualitative information and 
generally concludes that the potential for migration is very low during a 200-
1000 year period. Several site-specific factors need to be considered. 

First, channel migration is normally the result of the meandering of a freely
adjustable stream. The ability of the Colorado River to 111eander across the 
Moab Valley is restricted by bedrock controls upstrea11 at the valley entrance 
and downstream at the Portal. 

Second, the rate of bank retreat is dependent upon the forces exerted and the 
resistance of the bank material to erosion. The maximu11 velocity of the river 
is about 7 ft/sec, which is generally not extre1111ly erosive. Further, the 
overbank area between the river and the disposal area is heavily vegetated 
with grass, weeds, and ta11arisks. Such heavy vegetation provides a 
considerable amount of erosional stability for both erosion and bank 
sloughing. 

Third, the presence of •id-channel bars would tend to indicate that the river 
is probably aggrading more than it is eroding. This indicates that velocities 
in the area are low, tending to cause deposition rather than erosion. 

Fourth, a considerable amount of aggradation caused by sediments fro• Moab 
Wash and Courthouse Wash appears to be occurring. There is some evidence to 
suggest that 2.5 feet of aggradation have occurred over the last 20 years 
(Mussetter and Harvey, 1994). 

Fifth, aerial photographs indicate that lateral accretion has occurred along 
the river bank downstream of the site. Photographs taken between 1960 and 
1985 indicate that so .. accretion has occurred in this area. 

In su11111ary, the staff concludes that it is unlikely that the river will 
migrate as far as the tailings pile within the next 200-1000 years. However, 
because quantitative proof of bank stability was not provided, it is prudent 
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to design the pile for such an occurrence. The licensee intends to provide an 
erosion protection apron for the pile and this measure is considered by the 
staff to be a conservative method for addressing Colorado River erosion 
concerns. A detailed discussion of the design of the apron may be found in 
Section 4.5.1.2.3. 

4.5 Erosion Protection 

The ability of a riprap layer to resist the velocities and shear forces 
associated with ~urface flows over the laye~ is rela~ed to the size and weight 
of the stones wh1ch make up the layer. Typ1cally, riprap layers consist of a 
mass of well-graded rocks which vary in size. Because of the variation in 
rock sizes, design criteria are generally expressed in terms of the median 
stone size, D5q, where the numerical subscript denotes the percentage of the 
graded material that contains stones of less weight. For example, a rock 
layer with a 05Q of 4 inches could contain rocks ranging in size from 0.75 
inches to 6 incnes; however, at least 50% of the weight of the layer will be 
provided by rocks that are 4 inches or larger. 

Depending on the rock source, variations occur in the sizes of rock available 
for production and placement on the reclaimed pile. It is necessary to ensure 
that the variation in rock sizes is not extreme, and design criteria for 
developing acceptable gradations are provided by various sources (e.g., COE, 
1971, and Simons and Li, 1982). 

4.5.1 Sizing of Erosion Protection 

Riprap layers of various sizes and thicknesses are proposed for use at the 
site. The design of each layer is dependent on its location and purpose. The 
licensee proposes to use several different sizes and layer thicknesses, 
depending on the location and erosive forces that could occur. To reduce the 
number of gradations that need to be produced, the licensee will place larger 
rock in some areas than is required. For example, rock to be used on the 
upper portion of the top slope has a average size of 1.3 inches. However, in 
the extreme upper portion of this upper slope, rock require11ents are much less 
than 1.3 inches. For ease of construction and to minimize the number of 
gradations, the licensee has purposely overdesigned several areas of the 
reclaimed surfaces. Table 4-4 sunnarizes the riprap to be used at the Atlas 
site. 

Discussion of the design of each of these features is provided in the sections 
that follow below. 

For ease of construction, the licensee intends to minimize the number of 
different rock sizes and gradations to be produced at the quarries that are 
eventually selected. It should be emphasized that the riprap sizes in the 
above table and in the following sections are based on recent information that 
was informally transmitted by the licensee to the NRC staff. At the present 
time, some of this information conflicts with information presented in tables 
and calculations previously submitted. The licensee intends to modify the 
rock sizes, layer thicknesses, and gradations in fon11al subll1ttals 'to be 
provided at a later date. Until those subllittals are provided, the staff 
cannot conclude that the overall riprap design is adequate. 
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Table 4-4: Riprap sizes and thicknesses 

Location/Feature 050 Layer Thickness 
(inches) (inches) 

Uooer Too S1oce 1. 3 4 

Lower Top Slope 3.0 6 

Side Slope (3V:lOH) 4.4 9 

Moab Wash Buried Rock Wall 4.4 9 

Collection Ditches 4.4 9 

Uooer Impoundment Drainage Channel 4.4 9 

Moab Wash Buried Rock Wall 9.0 13.5 
Southwest Drainaqe Channel. 9.0 13.5 

Acron along Colorado River 11.2 30 
Southwest Drainaqe Channel 11.2 17 

Southwest Draf naqe Channel 17.4 26 
Lower Impoundment Drainage Channel 17.4 26 

Lower Southwest Drainage Channel 27.6 52 

Staff review has focused principally on the D50 sizes informally proposed by 
the licensee, and this review has been done to determine that the D50 size is 
adequate for each of the different locations in the design. However, details 
of layer thicknesses and gradations have net been provided. Final approval of 
the layer thicknesses and gradations can be given only after that information 
is provided for staff review. Therefore, the overall riprap design is 
considered an QlfJ.ltl~. pending formal submittal of the riprap design . 

4.5.1.l Top and Side Slopes · 

The riprap on the top slope has been sized to withstand the erosive velocities 
resulting fro• an on-cell PMP, as discussed in previous sections. The 
licensee proposes to use a 4-inch rock layer with a minimum 0,0 rock size of 
1.3 inches at the upper portion of the cell. For the lower portion of the top 
slope, a 6-inch 1 ayer with a minimum D 0 of 3 inches will be used. The Safety 
Factors Method was used to determine t~e rock sizes. Based on staff review of 
the calculations, we conclude that the design is accept~ble • 
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The riprap for the side slopes is also designed for an occurrence of the local 
PMP. The licensee proposes to use a 9-inch layer of rock with a minimum o 
of 4.4 inches. The rock layer will be placed on a 6-inch bedding layer. 50 

Stephenson's Method was used to determine the required rock size. 
Conservat~ve values were used for the s:1ecific gravity of the rock, the rock 
angle of internal friction, and porosity. Based on staff review of the 
licensee's analyses and the acceptability of using design methods reco1T111ended 
by the NRC staff, as discussed in Section 4.4 of this report, the staff 
concludes that the proposed rock size for the side slope is adequate. 

The riprap proposed for the side slopes of the tailings embankment could be 
subjected to shear stresses from the PMF in the Colorado River. In addition, 
the tailings impoundment is located on the outside bend of the Colorado River 
where the river turns from a westerly to a southerly direction. Because the 
potential for erosion is greater at the outside bend of a channel, an analysis 
was performed using the COE procedures {COE, 1970) to determine if the. riprap 
proposed for the embankment side slopes was of sufficient size to resist the 
erosion potential at the outside river bend. Based on the use of COE 
procedures, the staff concludes that the estimated flow velocity of about one 
ft/sec is well below the velocity that the riprap on the embankment side 
slopes can withstand. On this basis, it was concluded that a PMF in the 
Colorado River will not adversely affect the stability of the reclaimed 
tailings pile. 

As discussed in Section 4.4.5, there is a potential for the Colorado River to 
migrate towards the tailings pile. For conservatism, the staff assumed that 
the river channel will migrate to a location inmediately adjacent to the 
embankment side slope and that the peak channel flow velocity of about 7 
ft/sec will occur. The staff considers this scenario to be extremely 
unlikely, even in a 1000-year design lifetime. However, based on review of 
the velocity adjacent to the side slope, the proposed riprap size of 4.4 
inches is also capable of resisting this peak channel velocity. As discussed 
in Section 4.5.1.2.3, the controlling hydraulic design force results from 
overland flows directly down the pile side slope. 

4.5.1.2 Apron/Toe 

As previously discussed, the design of the apron/toe area must be capable of 
withstanding various phen0111na. The riprap design is dependent on the 
specific location of the toe, and erosion protection needs to be provided 
against (1) overland flows down the side slope onto the toe, (2) Moab Wash, 
and (3) the Colorado River. 

4.5.1.2.l Overland Flows 

In those areas where the embankment side slopes or toes are not affected by 
the Colorado River or by Moab Wash, the licensee has.designed the side slopes 
to simply transition to natural ground. The riprap on the pile side slope 
will be extended and the toe will consist of rock extended 3 feet below the 
surface of the ground. This depth 1s greater than the estimated scour of 0.92 
foot, which was estimated using accepted procedures {DOT, 1975). This method 
for estimating scour depth is reco11111ended in the STP on Erosion Protection 
{NRC, 1990). Based on review of the calculations provided by the licensee, 
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the staff concludes that this aspect of the toe design is acceptable . 

4.5.1.2.2 Moab Wash 

As discussed in Section 4.4.4, above, the licensee provided designs and 
analyses of the riprap to be placed along the sides and toe of the pile, 
assuming that the main channel of Moab Wash had migrated to a new location 
i1T1T1ediately adjacent to the toe of the side slope embankment. The design 
included consideration of the: (1) potential future location of the channel; 
(2) estimated depth of scour; and (3} PMF water surface elevations. 

To determine the areal extent of the apron/toe erosion protection, it was 
necessary for the licensee to analyze the hydraulic characteristics, assuming 
migration of the main channel of Moab Wash. The licensee developed water 
surface profiles and velocity estimates for such a channel configuration (See 
Section 4.4.4). Based on the velocity estimates and an evaluation of the 
potential for scour, erosion, and deposition, the licensee will construct a 
buried riprap wall along the toe of the pile, with the rock extending downward 
to the expected depth of scour. The buried wall will be constructed from the 
mouth of the lower impoundment drainage channel eastward to the point where 
the northeast debris pit begins. From there, the buried wall will extend 
southeastward to a point where the wall joins the rock apron that protects the 
pile from Colorado River migration (See Section 4.S.1.2.3). 

The licensee concluded that the potential for channel migration toward the · 
pile was greatest along the north side of the pile, where Moab Wash could be 
expected to meander and encroach upon the toe of the slope. In this area, the 
cross-sectional flow area is smallest, and velocities will be highest. Along 
the east side of the pile, beginning at the northeast debris pit, the flow 
area becomes much larger and the flow velocities are much lower. Therefore, 
the potential for channel migration in this area is lower. 

The depth of scour was estimated by the licensee using four different methods, 
as reconmended by Pemberton and Lara (1984). Using the field measurement 
method, the Regime Equation method, the mean velocity method, and limiting 
scour control method, the licensee estimated the average scour depth to be 
about 7-8 feet at most locations along the northern portion of the disposal 
cell. Along the northeastern portion of the cell in the area of the debris 
pit, a scour depth averaging about 3.6 feet was estimated. Based on a review 
of computations provided by the licensee, the staff concludes that the 
estimates are acceptable. 

The riprap to be provided in the toe area was estimated by the licensee using 
the Corps of Engineers allowable shear stress method (COE, 1994). This method 
is appropriate when flow depths are larger than the rock size. The staff 
reviewed computations provided by_the licensee and independently estimated the 
rock size using methods discussed in NUREG/CR-4651 (Abt et al., 1987). Based 
on this review, the staff concludes that the proposed 0,0 rock sizes of 9 
inches and 4.4 inches are acceptable for the northern an~ northeastern toe 
areas, respectively. 
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4.5.1.2.3 Colorado R;ver 

As discussed ;n Section 4.4.5, above, the l;censee prov;ded designs and 
analyse~ for the riprap to be placed along the sides and toe of the pile 
assuming that the channel of the Colorado River had mig~ated to a new lo~ation 
irm1ediately adjacent to the toe of the side slope embankment. The revised 
design included consideration of the: (1) assumed future location of the 
channel; (2) estimated depth of scour; and (3) required volume and size of the 
riprap. 

To determine the areal extent of the apron/toe erosion protection, the 
licensee simply assumed that the main channel of the river would erode toward 
the pile and would ultimately exist i11111ediately adjacent to the toe of the 
pile at all points along the southeastern side. The staff considers this to 
be an unlikely situation and a conservative assumption. Based on a geomorphic 
evaluation {Mussetter and Harvey, 1994) of the potential for scour, erosion, 
and deposition, the licensee will construct a large rock apron along the toe 
of the pile. The apron will be provided from the mouth of the southwest 
drainage channel northeastward to the point where it joins the Moab Wash toe 
protection in the area of the debris pit . 

To estimate the depth of scour associated with migration of the river, the 
licensee conservatively assumed that the river channel would retain 
essentially the same elevations and configuration in its migrated state as in 
its current state. The current minimu~ river bottom elevation was assumed to 
be the maximum depth of scour. This assumption resulted in an estimated scour 
depth of about 21 feet. Based a review of the information provided, the-- staff 
concludes that the assumptions are acceptable. 

To provide adequate erosion protection and to prevent erosion of the 
embankment side slope, the licensee will provide a large essentially 
horizontal, rock apron, designed to collapse onto the side slope of the 
migrated river channel. The rock volume will be sufficient to cover the 
channel bank and to prevent further erosion of the river bank and the pile 
side slope. The riprap to be provided for the rock apron was estimated by the 
licensee using methods developed by the COE (COE, 1994). The staff reviewed 
computations provided by the licensee. Based on this review, the staff 
concludes that the proposed apron length and thickness will provide an 
adequate volume of rock to protect the side slope fro• further migration of 
the Colorado River. 

The size of the riprap to be placed in the apron is not controlled by flow 
velocities in the Colorado River. As discussed above, the maximum flow 
velocity of the river (using the extremely conservative assumption that the 
main channel, rather than the overbank, is adjacent to the pile side slope) is 
about 7 ft/sec, produced by a flow of about 70,000 cfs. If this were the 
controlling case, the side slope rock size of 4.4 inches would be more than 
adequate to prevent further erosion. Actually, the size of the apron rock is 
controlled by overland flows directly down the side slope. The licensee 
assumed that when the rock collapses ;nto the scoured area, it w111 collapse 
onto the river bank in a configuration where the side slope is lV on 2H. 
Flows directly down a lV on ZH slope will require a rock size larger than 4.4 
i11ches, which would be adequate for the JV on lOH side slope. To provide the 
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required protection, the licensee used the Stephenson Method to determine that 
the riprap apron will need an average rock size of 11.2 inches. Based on · 
review of the computations provided by the licensee, the staff concludes that 
this rock size is acceptable. 

4.5.1.3 Collection Ditches and Drainage Channels 

Median rock diameters (050 ) for the collection ditches and drainage channels 
were estimated by the licens~e using either the Corps of Enginee~s' Shear 
Stress Method (COE, 1994) or the Safety Factors Method (Stevens et al., 1976). 
The COE method was used in cases where channel flow depths are large, relative 
to the median rock diameter. For shallow channels, the Safety Factors Method 
was used. The methods used by the licensee for designing erosion protection 
are those reconmended in the STP on Erosion Protection (NRC, 1990), and are 
therefore acceptable. 

To verify the licensee's riprap design for the collection ditches and 
channels, independent analyses were performed using methods developed by NRC 
contractors (Abt et al., 1987), the Safety Factors Method, and the Corps of 
Engineers' Shear Stress Method. These independent analyses indicated that the 
050 values proposed by the licensee are adequate. Therefore, the staff 
concludes that the riprap sizes proposed by the licensee are acceptable. 

4.5.1.3.1 Ditch Outlets 

The licensee proposes to construct heavily-armored rock sections at the 
outlets of both the Southwest Runoff Drainage Channel (SWOC) and the Lower 
Impoundment Drainage Channel (LIDC). Their purpose is to protect the outlets 
of these channels from headcutting that may result from scour and may 
propagate upstream, potentially impinging on tailings. The depth of the 
proposed rock protection is equal to the expected depth of scour, which was 
estimated by the licensee to be approximately 8 feet. The outlet sections 
were assumed to collapse due to either: 1) gully headward erosion over a long 
period of time, or 2) the PMF flows in the ditches. In order to reduce the 
rock size required at the outlets, the licensee proposes to construct outlet 
slopes of lV on 9H. In this design case, the scoured configuration is pre
constructed, rather than assumed to have collapsed randomly into a steeper 
configuration requiring much larger rock. 

The 0
50 

sizes of the rock in the outlet sections are proposed by the licensee 
to be 17.4 inches for both the SWOC (for a discharge of 1723 cfs and bottom 
width of 100 feet) and the LIDC (for a discharge of 1640 cfs and bottom width 
of 100 feet). This size is larger than the required size of about 16 inches 
computed by the licensee usin~ the Stephenson Method. Based on a review of 
the calculations by the staff, the designs of the outlet sections are 
considered to be acceptable. 

The licensee does not propose to provide outlet protection at the outlet of 
Moab Wash because the elevation of the outlet is controlled by the Colorado 
River. It is highly unlikely that the base level of the Colorado River wtll 
change during the performance period (Mussetter and Harvey, 1994). Therefore, 
the outlet of Moab Wash should remain fairly stable. The NRC staff agrees 
that outlet protection is not required for Moab Wash. 
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4.5.1.3.2 Sediment Considerations 

In general, sediment deposition can be a problem in diversion ditches when the 
slope of the diversion ~itch is l~ss than the slope of the natural ground 
where flows enter the d1tch. It ls usually necessary to provide sufficient 
slope and capacity in the diversion ditch to flush or store any sediments 
which will enter the ditch. Concentrated flows and high velocities could 
transport large quantities of sediment, and the size of the particles 
transported by the natural gully may be larger than the man-made diversion 
ditch can effectively flush out. 

For this site, a considerable amount of sediment from the upland drainage area 
can be expected to enter the Southwest Diversion Channel (SWDC) for the 
following reasons: ' 

1. 

2. 

The upland drainage area has an extremely steep slope in the vicinity of 
the ditch, whereas the diversion ditch itself has been designed with a 
relatively flat slope in the reaches adjacent to the tailings 
embankment. Flow velocities fn the ditches may not be as high as those 
occurring on the natural ground. Therefore, sediment, cobbles, and 
boulders may be transported to the ditch and may not be easily be 
flushed out by the lower velocities in the ditch. 

The potential for gully development (and resulting high flow velocities) 
in the upland drainage ~rea and subsequent transport of material into. 
the diversion ditch is high. Gullies and areas of flow concentration 
are evident upstrea11 of the diversion ditch, based on review of 
topographic maps of the area and a staff site visit to the area. Flows 
moving towards the diversion ditch will tend to concentrate in these 
gullies, increasing the potential for gully incision and transport of 
sediment. 

To document the acceptability of the ditch design, the licensee demonstrated 
that the ditch will be capable of discharging the design flows, even if 
blockage occurs. The licensee assumed that sediment, debris, and large rocks 
would be deposited in the SWOC. The licensee determined that this channel 
would have adequate flow capacity, even if a significant amount of blockage 
(50%) occurred. The licensee performed analyses using HEC-2 and determined 
the effects of blockage on flow velocities and water surface profiles. The 
licensee determined that the blockage would raise PMF water surface elevations 
in the· channel. The licensee proposes to vertically extend the required 
riprap to the increased elevations. Also, the blockage will increase the 
velocities, and the licensee will provide riprap of adequate size to resist 
those increased velocities. The proposed riprap varies in size from 9 inches 
in the upper reaches of the channel to 17 inches in the lower portions of the 
channel and was sized using COE design methods (COE, 1994) and the Safety 
Factors Method (Stevens et al., 1976). 

Further, the licensee determined that the increased velocities will increase 
the depth of scour along the side slope, and therefore ·proposes to extend the 
side slope riprap vertically downward to the expected scour depth. The scour 
depth was determined using procedures discussed by Pemberton and Lara (1984); 
the acceptability of these scour analyses is discussed in Section 4.5.1.2.2. 
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Based on a review of the calculations provided, including the water surface 
profiles and riprap sizing techniques, the staff concludes that the s~OC will 
effectively accorm1odate a large amount of rock and debris entering the 
channel .. The staff further concludes that the channel will convey PMF flows 
in a manner that will not affect the stability of the pile. 

At the present time, it is not clear if a severe landslide potential exists in 
the site area. This issue is currently being evaluated by the staff and is 
further discussed in Section 2.4. If a landslide potential exists, design 
changes may be needed to the SWOC to accorm1odate the expected sediment input 
into the channel. This is an OPEll:=IS~. 

4.5.2 Riprap Gradations 

The various estimated 0,0 values were used as the basis for the design of well 
graded mixtures of rock to resist the shear forces of the PMF peak discharge. 
Riprap gradations and layer thicknesses were developed by the licensee using 
the criteria outlined in Surface Mining Water Diversions Design Manual (Simons 
and Li, 1982). To verify the adequacy of the licensee's proposed riprap 
gradations, independent spot checks were made by the staff using design 
methods presented in NUREG/CR-4620 (Nelson et al., 1986). These checks 
indicated that the gradations proposed by the licensee are acceptable. 

The licensee estimated many riprap sizes for the various applications. 
However, to reduce the number of different riprap sizes and gradations, the 
licensee elected to use larger rock than required in many areas. Thus, 
additional conservatisms are added to the design in those areas where larger 
rock than required is used • 

4.5.3 Rock Durability 

NRC regulations require that control of residual radioactive materials be 
effective for up to 1000 years, to the extent reasonably achievable, and, in 
any case, for at least 200 years. The previous sections of this TER examined 
the ability of .the erosion protection to withstand flooding events reasonably 
expected to occur in 1000 years. In this section, rock durability is 
considered to deten1ine if there is reasonable assurance that the rock itself 
will survive and remain effective for 1000 years. 

Rock durability is defined as the ability of a material to withstand the 
forces of weathering. Factors that affect rock durability are 1) chemical 
reactions with water, 2) saturation time, 3) temperature of the water, 4) 
scour by sediments, 5) windblown scour, 6) wetting and drying, and 7) freezing 
and thawing. 

To assure that the rock used for erosion protection remains effective for up 
to 1000 years as required by Criterion 6 of 10 CFR Part 40, Appendix A, 
potential rock sources must be tested and evaluated to identify acceptable 
sources of riprap. A procedure for determining the acceptability of a rock 
source is presented in Appendix D of the STP on Erosion Protection (NRC, 
1990). The procedure discussed in the STP includes the following steps: 

Step 1. Test results from representative samples are scored on a scale of O 

4-21 NUREG-1532 



• 

I'. 

I-
I 

' I 

I 

Step 2. 

Step 3. 

Step 4. 

to 10. ~esultsnof.8.to 10 are considered "good~; results of s to 8 are cons1dered fa1r; and results of 0 to Sare considered "poor." 

The score is multiplied by a weighting factor. The effect of the 
weighting factor is to focus the scoring on those tests that are the 
most applicable for t~e p4rticular rock type being tested. 

The weighted scores are totaled, divided by the maximum possible 
score, and multiplied by 100 to determine the rating. 

The rock quality scores are then compared to the criteria which 
determines its acceptability, as defined in the NRC scoring 
procedures. 

After these tests are conducted, a rock quality score is determined. 
Different minimum scores, depending on the location where the rock will be 
placed, are recon111ended in the STP. Rock scoring 80 percent or greater 
indicates high quality rock that can be used for any application. Rock scores 
between 65 and 80 percent indicate less durable rock that can also be used for 
most applications, provided that the riprap is appropriately oversized. Rock 
scoring less than 65 percent cannot be used for critical areas such as 
diversion ditches or poorly drained toes and aprons. Rock scoring between SO 
and 65 percent can be used in non-critical areas such as well drained tailings 
pile tops and side slopes provided it 1s oversized as reco111111ended in the STP 
on Erosion Protection (NRC, 1990). Rock scoring less than 50 percent. 1s no·t. 
reconwnended for use in any application. 

In general, rock durability testing is performed using standard test 
procedures, such as those developed by the American Society for Testing and 
Materials (ASTM). The ASTM publishes and updates an Annual Book of ASTM 
Standards (ASTM, 1995), and rock durability testing is usually performed using 
these standardized test methods. 

Initially, the Jicensee identified seven potential rock sources in the 
proximity of the Atlas Mill. Four of the sources were rounded igneous 
alluvial rock, two sources were sedimentary rock, and one source was an 
igneous outcrop. Petrographic analyses using ASTM C 295 were performed by the 
licensee on samples from the sedimentary sources and on samples of alluvial 
rock. These analyses indicated that some of the sources could be considered 
for further physical testing. Rock samples were then tested for Bulk Specific 
Gravity and Absorption (ASTM C 127), Sodium Sulfate Soundness (ASTM C 88), Los 
Angeles Abrasion (ASTM C 131 or C 535) and Tensile Strength. The results of 
these tests were then evaluated using procedures reconnended in the STP on 
Erosion Protection (NRC, 1990). This evaluation indicated to the licensee 
that the sedimentary rock weathered very rapidly, scoring only 37 and 45 
percent. These rock sources are not useable since they scored less than SO 
percent. Two samples of the igneous alluvial rock scored 65 and 68 percent. 
This rock can be used for any application if it is oversized as reconnended in 
the STP on Erosion Protection (NRC, 1990). Use of the alluvial rock source 
may be 1 imited, because the maximum 050 1s probably less than 3 inches. The 
sample from the igneous rock outcrop was the most durable, having scored 78 
percent. Atlas reserves the right to either use the tested rock or an 
alternate source. Regardless of the rock source used, the licensee has 
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corrtnitted to meet the durability and oversizing reco11111endations of the STP on 
Erosion Protection. 

Based on a review of the rock durability analysis provided by Atlas, and 
considering the co1m1itment to comply with the STP on Erosion Protection (NRC, 
1990), it was concluded that acceptable rock will be used for erosion 
protection. 

4.5.4 Testing and Inspection of Erosion Protection 

The staff reviewed and evaluated the testing, inspection, and quality control 
procedures proposed by the licensee for the erosion protection materials and 
design features. The review included evaluations of programs for durability 
testing, gradation testing, rock placement, and verification of rock layer 
thicknesses.· 

4.5.4.1 Durability Testing 

The licensee's proposed rock durability testing will include the following 
tests, shown with their ASTM designation: 

1. Bulk Specific Gravity - ASTM C 127 
2. Absorption - ASTM C 127 
3. Sodium Sulfate Soundness - ASTM C 88 
4. L.A. Abrasion at 100 cycles - ASTM C 131 or ASTM C 535 

Durability test results will be used by the licensee to deten11ine a rock 
durability rating in accordance with Table 0-1 of the STP on Erosion 
Protection (NRC, 1990). The licensee proposes that the following criteria 
will be used to determine acceptable uses of rock, based on its durability 
rating: 

1. Rock having a durability rating of greater than or equal to 80 may be 
used as riprap or filter material. 

2. 

3. 

4. 

s . 

Rock having a durability rating of less than 80 and greater than or 
equal to 65 may be placed in surface water control ditches, and used as 
riprap or filter material only after being oversized in accordance with 
the STP . 

Rock having a durability rating of less than 80 and greater than or 
equal to 50 may be used on the top or side slopes, only after being 
oversized in accordance with the STP. 

Rock having a durability rating of less than 65 may not be used for 
riprap or filter material in a drainage channel. Rock having a 
durability rating of less than SO may not be used for any application. 

In addition to oversizing the rock according to the durability ratings, 
an additional oversizing factor of 20 percent will be added if rounded 
alluvial rock is used. 

The licensee proposes that a minimum of one initial test series will be 
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performed prior to using rock for riprap or filter material. Additional test 
series will be performed when approximately one-third and two-thirds of the 
total volume of each type of riprap or filter material have been delivered. 
When the total volume of any type of riprap or filter material exceeds 30,000 
cubic yards, the licensee will conduct an additional test series for each 
additional 10,000 cubic yarJs delivered. The licens1e also co11111itted to 
performing additional tests when the rock characteristics (i.e., color or 
texture) in the rock borrow source vary significantly from the rock that was 
previously tested. · 

Based on a review of the proposed procedures, the staff concludes that the 
durability testing program will ensure that rock of acceptable quality is 
provided. The testing program is equivalent to several which were approved by 
the staff and have been implemented at other reclaimed sites during 
construction. 

4.5.4.2 Gradation Testing 

The licensee proposes that riprap, rock mulch, and the filter material 
gradations will be verified during reclamation using the following procedures: 

1. Filter gradations will be tested using ASTM C 136, Standard Method for 
Sieve Analysis of Fine and Coarse Aggregates, or ASTM D 422, Standard 
Test Method for Particle-Size Analysis of Soils, as appropriate. 

2. For riprap having a maximum n011inal diameter (0,.) of less than or equal 
to 6 inches, ASTM C 136, Standard Method for Sieve Analysis of Fine and 
Coarse Aggregates, will be used to verify that gradations comply with 
the specifications. 

3. Gradation testing will be performed at the same frequency as rock 
durability testing. 

Based on a review of the proposed procedures, the staff concludes that the 
gradation testing program will ensure that rock layers with acceptable 
gradations are provided. The testing program is equivalent to several which 
were approved by the staff and have been implemented at other reclaimed sites 
during construction. 

4.5.4.3 Riprap Placement 

The licensee proposes a placement program where: (1) riprap will be placed to 
the depths and grades shown on the drawings; (2) riprap will be placed in a 
manner to ensure that the larger rock fragments are uniformly distributed and 
the smaller rock fragments serve to fill the void spaces between the larger 
rock fragments, so that a densely packed, unifon1 layer of riprap of the 
specified thickness will result; (3) hand placing will be used, as necessary, 
to ensure proper results; and (4) material that does not meet these 
specifications will be either reworked or removed and replaced as necessary. 

Based on a review of the licensee's proposal, the staff concludes that the 
procedures will ensure acceptable placement. The placement procedures are 
equivalent to several which were approved by the staff and nave been 
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implemented at other reclaimed sites during construction. 

4.5.4.4 Rock Layer Thickness Testing 

The licensee proposes that the thickness of the rock layers will be verified 
by establishing a 200-foot by 200-foot grid over the tailings impoundment and 
using specific procedures for measuring and recording depths. Visual 
examinations will also be conducted to verify the uniformity of depths. 

Based on a review of the information provided, the staff concludes that the 
proposed testing program is acceptable. Combined with the rock placement 
procedures discussed in Section 4.5.4.3, above, the program conforms to other 
previously-approved programs that have been implemented at other Title I and 
Title II sites. 

4.5.5 Wind erosion 

The tailings impoundment is located in an area that provides some wind 
protection due to the local topography. Cliffs on the western side of the 
impoundment rise abruptly for 1000 feet. To the north and east of the site 
are 500 to 600 ft high barren sandstone formations. The staff considers that 
the site will be adequately protected from wind erosion by placement of 
engineered riprap layers that protect the tailings from surface water erosion. 
Studies performed for the NRC (Voorhees et al., 1983) have shown that an 
engineered riprap layer designed to protect against water erosion will be 
capable of providing adequate protection against wind erosion. 

4.6 Ucstream Dam Failures 

There are no impoundments near the site whose failure could potentially affect 
the site. 

4.7 Conclusions 

Based on review of the information submitted by the licensee and on 
independent calculations, the NRC staff concludes that the licensee has 
identified the appropriate floods for the design of erosion protection 
features at the site. The staff further concludes that water surface profiles 
and channel velocities were appropriately derived and are acceptable as a 
basis for the design of erosion protection features. Based on the most recent 
informal licensee information, the erosion protection design appears to be 
adequate to provide reasonable assurance of protection for 1000 years, as 
required in Criterion 6 of 10 GFR Part 40, Appendix A. However, recent 
information related to rock sizes and layer thicknesses conflicts with 
information presented in tables and calculations previously submitted. The 
staff understands that the licensee intends to modify the rock sizes, layer 
thicknesses, and gradations in formal submittals to be provided at a later 
date. Until those submittals are provided, the staff cannot conclude that the 
overall riprap design is adequate. Furthermore, it is not clear if a severe 
landslide potential exists in the site area. This issue is currently being 
evaluated in the staff's geology review. If a landslide potential exists, 
design changes may be needed to the Southwest Runoff Diversion Channel to 
acco11111odate the expected sediment input into the channel. 
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1.0 INTRODUCTION 

1.1 Background 

Source Material License SUA-917 for.the Moab Mill is held by the Atlas 
Corporation (Atlas). The mill has not operated since 1984. A 
decommissioning1 plan for the mill was approved by Amendment No. 3 dated 
November 28, 1988. Decommissioning of the mill began in 1988, and interim 
cover placement over the tailings disposal area began in 1989. The 
reclamation2 plan that was prepared in 1981 and approved by NRC in 1982 was 
based on projected disposal capacity requirements and was designed for an 
ultimate crest elevation of 4076 feet. The maximum crest elevation 
constructed before mill operations ceased was 4058 feet, resulting iri the 
necessity to redesign the tailings impoundment and thus revise the reclamation 
plan. In July 1993, NRC noticed in the Federal Register the intent to approve 

·Atlas' revised reclamation plan and made available for public comment an 
environmental assessment of the effects of the proposed.action. As is usual 
in cases where a licensee proposes re~isions to an approved reclamation plan, 
both the NRC technical evaluation and environmental assessment only addressed 
the revised elements of the plan and the environmental effects of changes to 
the plan approved in 1982. Extensive adverse public ~omments were received in 
response to the Federal Register notice. As a result, NRC decided to . 
reevaluate the entire reclamation plan and to prepare an Environmental Impact 
Statement (EIS) addressing reclamation. 

This final Technical Evaluation Report (TER) documents the NRC staff review of 
Atlas' proposed reclamation plan and staff conclusions with respect to the 
appropriate regulations. The regulations governing reclamation of uranium 
mill tailings appear primarily in 10 CFR Part 40. Technical criteria appea~ 
in Appendix A to Part 40, which also allows licensees to propose alternatives 
to the specific requirements in the appendix. NRC can approve an alternative 
if it finds that it will achieve a level of stabilization and containment of 
the site, and a level of protection of public health, safety, and the 
environment, equivalent to, to extent practicable, the level which would be 
achieved by the requirements in the appendix. 

A draft TER was prepared and published in January 1996 documenting the staff's 
initial review of Atlas' proposed reclamation plan and its conclusions with 
respect to the appropriate regulations. That draft TER contained 20 open 
issues that needed to be resolved by Atlas before NRC could conclude that the 
proposed action of on-site stabilization met the requirements of 10 CFR 
Part 40, Appendix A. In most licensing reviews, a draft TER is provided to 
the licensee, in lieu of an additional round of questions and requests for 
information, as a means to expedite the review process. While the draft TER 
is a publicly available document, it is· not normally available for public 

1Decommissioning refers to the dismantling and disposal of the mill 
buildings and structures. 

2Reclamation refers to the stabilization and closure of the tailings 
impoundment. 
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comment in most licensing cases. However, due to the extensive public 
interest and comment on the 1993 TER, NRC decided to make the Atlas draft TER 
available for public comment. The comments received and the staff responses 
to those comments, are provided in Appendix A of this document. 

1.2 Site Description 

1.2.1 Location and Description 

The Atlas' Moab Mill site is located in Grand County, Utah. The site is 
located on the northwest shore of the Colorado River, 5 km (3 miles) northwest 
of the center of Moab (Figure 1-1). The site can be accessed from U.S. 
Highway 191 north of Moab. The Atlas mill site encompasses 162 hectares (400 
acres) on the outside bend of the Colorado River, at the southern terminus of 
the Moab Canyon. The site is surrounded on the north and west sides by high 
sandstone cliffs. To the north and east is Moab Wash, to the east and south 
is the flood plain of the Colorado River, and across the river is Moab Marsh. 
The city of Moab is southwest of the marsh. The elevation at the mill is 
approximately 1130 meters (3700 feet) above mean sea level (MSL). 

The mill grounds slope generally towards the Colorado River and Moab Wash. 
The substratum upon which the mill was constructed is composed mainly of 
alluvial materials brought down the Moab Canyon and Colorado River. Adjac~nt 
to the mill site on the north and west are U.S. Highway 191 and Utah Highway 
279, respectively. Arches National Park is north of the site across U.S. 
Highway 191. The Rio Grande Railroad traverses a small section of Atlas 
property, just west of Highway 279, prior to entering a tunnel that emerges 
many kilometers down river. 

1.2.2 Description of Mill Facility 

The processing facility and tailings pond combined, cover approximately 
81 hectares (200 acres) of an available 162 hectares (400 acres) owned by 
Atlas. The mill was authorized to extract uranium oxide (yellowcake) by both 
the acid and alkaline leach processes and was licensed for production at 
850 metric tons (MT, 1,870,000 pounds) of yellowcake annually. During the 
life of the mill, only one tailings pond was used. 

The plant site, before decommissioning, was composed of a main processing 
plant, a 53-hectare tailings pond, storage yards, ore receiving facilities, 
various process-related structures, and an office complex. These structures 
and facilities are enclosed by a four-strand barbed wire fence which prevents 
random access. All structures, including the office complex, are being razed 
during decommissioning of the facility. 

1.2.3 Description and Characteristics of Tailings 

The majority of the ore for the Atlas Mill came from the Big Indian Uranium 
District approximately 130 km {80 miles) to the southeast. The ore was 
primarily a sandstone with minor amounts of carbonate. Ore was trucked to the 
mill, ground to a sufficiently fine consistency to allow maximum efficient 
chemical reactions to occur. It was then processed through either the acid-
1 each circuit or the alkaline-leach circuit, both of which were used in this 
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mill. Analysis of the mineral content of the ore would determine which 
circuit the ore would be processed through. After mill.ing, the combined waste 
slurry from both-circuits was pumped to the tailings impoundment. 

The approximate wet weight of the tailings cu~tained within the tailings 
impoundment is determined to be 9.5 million MT (10.5 million tons), with a 
volume of 5.7 million cubic meters (7.5 million cubic yards). The tailings 
basin is composed of fine tailings (slimes), coarse tailings {sand), and ore 
which was placed there at the end of operation of the mill as part of the 
interim cover. A composite analysis of the tailings by Atlas, determined that 
the average radium activity of the slimes was 1275 picocuries per gram {pCi/g) 
and that of the sands was 241 pCi/g. The activity of the ore in the tailings 
impoundment was determined to be 213 pCi/g radium. 

1.3 Site History and Proposed Action 

The Uranium Reduction Company {URC) built and began operations at the Moab 
Mill in October 1956. Atlas acquired URC in 1962 and operated the mill until 
1984 when it was placed in stand-:by status. Atlas holds NRC Source Material 
License SUA-917 for the Moab Mill which was changed to a possession only 
status on December 18, 1992. 

A decommissioning plan for the mill was approved on November 28, 1988. 
Decommissioning of the mill began in 1988, and interim cover.placement over 
the tailings disposal area began in 1989 a~d was completed in 1995. 

The proposed action is approval of a reclamation plan for onsite disposal of 
the tailings. A reclamation plan was prepared by Atlas in 1981 and approved 
by NRC in 1982. This plan was based on the projected life of facility 
disposal capacity requirements; the disposal pile was designed for an ultimate 
crest elevation of 4076 feet. The maximum crest elevation constructed before 
the mill ceased operation was 4058 feet, resulting in the necessity to revise 
the reclamation plan. In accordance with 10 CFR 40, ·Appendix A, Atlas, by 
letter dated August 2, 1988, submitted a revised reclamation plan for NRC 
review and approval. NRC staff review of the proposed plan resulted in 
requests for additional information, reevaluation, and redesign. As a result, 
Atlas submitted a revised reclamation plan (Canonie, 1992)• NRC staff review 
of this document resulted in a request for additional information dated 
March 5, 1993. Revisions to the 1992 reclamation plan were submitted by 
letters dated April 14, and April 23, 1993. On July 20, 1993, NRC noticed in 
the Federal Register its intent to approve the reclamation plan and made 
available for public comment an environmental assessment of the effects of the 
proposed action which only addressed the environmental effects of changes to 
the plan approved in 1982. Extensive adverse public comments were received. 
Major concer'ns and questions related to seismic and 'fault evaluations, the 
potential effects of the Colorado River and local tributaries on the stability 
of the disposal cell, and the need for an updated, complete environmental 
assessment of the entire reclamation plan, including alternative disposal 
locations. The comments received prompted NRC to withdraw, by Federal 
Register notice dated October 8, 1993, its previously noticed intent to 
approve the revised reclamation plan. By Federal Register notice dated 
March 30, 1994, NRC announced its intent to prepare an EIS. 
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The NRC staff review that resulted in the decision to approve tne revised 
reclamation plan (and noticed on July 20, 1993, in the Federal Register), 
focused only on revisions to the previously approved reclamation plan. Due to 
the extensive public comments, NRC decided to reevaluate the revised 
reclamation plan in its entirety. This lead to additional requests for 
information by the staff and to submittals by Atlas, in response, in 
January 1994, June 1994, and March 1995. The draft TER, published in 
January 1996, contained 20 open issues. In response to these open issues 
Atlas provided further submittals in February 1996, June 1996, and July 1996, 
and submitted a revised reclamation plan and technical specifications in 
October 1996, which were modified by submittals in November 1996 and December 
1996. As a result, the reclamation plan reviewed by the NRC staff consists of 
the following documents: 
1. Base Reclamation Plan of June 1992 (Canonie, 1992), 
2. April 1993 Response (Canonie, 1993), 
3. January 1994 Response (Canonie, 1994a}, 
4. June 1994 Response {Canonie, 1994b), 
5. March 1995 Response (Canonie, 1995), 
6. February 1996 Response {Woodward-Clyde, 1996a), 
7. February 1996 Response {Smith, 1996a), 
8. June 1996 Response (Smith, 1996b), - -
9. July 1996 Response (Woodward-Clyde, 1996b), 
10. Final Reclamation Plan (Smith, 1996c), and 
11. Technical Specifications {Smith, 1996d). 

1.4 Review Process and TER Organization 

The NRC staff review was performed in accordance with the Final Standard 
Review Plan (SRP) 3 for the Review and Remedial Action of Inactive Mill 
Tailings Sites under Title I of the Uranium Mill Tailings Radiation Control 
Act (UMTRCA), Revision 1 (NRC, 1993) and is a comprehensive assessment of 
Atlas' proposed reclamation plan as documented by this TER. Appendix A to 
10 CFR Part 40 contains the technical requirements for disposition of tailings 
and waste produced from the extraction or concentration of source material 
from ores. The TER is organized by the technical disciplines involved in the 
assessment of the reclamation plan to assure compliance with Appendix A. Each 
section describes the compliance with the applicable Criteria in Appendix A as 
it pertains to the specific discipline addressed in that section. Sections 2, 
3 and 4 provide the technical basis for the NRC staff's conclusions with 
respect to long-term stability, Section 5 the plan's compliance with 
groundwater standards, and Section 6 describes radon control assessment. 
Section 7 provides a criterion by criterion evaluation of the reclamation plan 
with respect to Appendix A. 

3Although the SRP is written for the UMTRCA Title I program, the 
applicable standards for the Title II program are similar. Division of Waste 
Management guidance directs the staff to use this SRP for Title II reviews to 
the extent practicable. All NRC licensed mill sites, including the Atlas 
site, are covered under the Title II program. 
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1.5 License Conditions 

The NRC staff review of the reclamation plan identified a number of issues for 
which a license condition may be desirable to ensure that staff requirements· 
are met. These items, with appropriate references to related sections of the 
TER, are identified in Table 1-1. 

Table 1-1: License Conditions 

License Condition 

1. Verification of Ra-226 concentration in coarse tailinqs 

2. Verification of parameter values for "affected" soil 

3. Verification of characteristics of clay for cover 

4. Justification 
are not met 
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4.0 SURFACE WATER HYDROLOGY AND EROSION PROTECTION 

4.1 Introduction 

This section of the TER describes the staff's review of surface water 
hydrology and erosion protection issues related to long-term stability. In 
this section, the staff provides the technical bases for the acceptability of 
the licensee's reclamation design. Review areas that are covered include: 
estimates of flood magnitudes; water surface elevations and velocities; sizing 
of rtprap to be used for erosion protection; long-term durability of the 
erosion protection; and testing and insp~ction procedures to be implemented 
during construction. · 

4.2 Hydrologic Description and Site Conceptual Design 

The Atlas tailings disposal area is located on a river terrace approximately 
500 to 700 feet from the Colorado River and approximately 3 miles north of the 
town of Moab, Utah. Moab Wash, an ephemeral stream with a drainage area of 
about 5 square miles, is located along the north and east sides of the 
tailings impoundment. The site is surrounded by the near-vertical sandstone 
cliffs of the Moab Valley. 

To comply with Criterion 6 of 10 CFR 40, Appendix A, which requires stability 
of the tailings for 1000 years to the extent reasonably achievable ind in any 
case for 200 years, the licensee proposes to reclaim the tailings impoundment 
in place and to protect the tailings from flooding and erosion. The design 
basis events for design of erosion protection include the Probable Maximum 
Precipitation (PMP) and the Probable Maximum Flood (PMF) events, both of which 
are considered to have very low probabilities of occurring during the . 
1000-year stabilization period. 

As shown in Figure 4-1, the top surface of the tailings impoundment will be 
reconfigured to drain toward three collection ditches, and the embankment side 
slopes will be flattened to 10H:3V except at the southwest corner where the 
slopes will be lOH:lV. The three collection ditches on the top surface will 
merge to form the Upper Tailings Pile Drainage Channel. This channel will 
convey flood runoff into the Lower Tailings Pile Drainage Channel, which will 
then discharge into Moab Wash. Moab Wash will be reconfigured to convey flood 
flows into the Colorado River east of the tailings pile. The Southwest Runoff 
Drainage Channel will divert runoff from the side slopes on the southwest side 
of the reclaimed impoundment and from the sandstone bluffs southwest of the 
channel. 

To protect against erosion, the top and side slopes of the tailings 
impoundment will be covered with layers of rock riprap. At the toes of 
the side slopes, a riprap apron/toe will be constructed to provide 
protection against the potential migration of Moab Wash and the Colorado 
River. The collection ditches and drainage channels will also be protected 
with riprap. 

For Moab Wash, the licensee proposes to excavate a new channel as far away 
from tailings as possible. The reconfigured channel will flow eastward across 
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the floodplain and into the Colorado River upstream of the site. 
will provide a shallow trapezoidal channel designed for the PMF. 
approximately the center of the main channel, a low-flow channel 
constructed to convey flows up to the 200-year flood. 

4.3 Flooding Determinations 

The design 
At 

will be 

The computation of peak flood discharges for various site design features and 
nearby hydrologic features was .performed by the licensee in several steps. 
These steps included: (l} selection of a design rainfall event; 
(2} determination of infiltration losses; (3} determination of times of 
concentration; (4} determination of appropriate rainfall distributions, 
corresponding to the computed times of concentration; and (5} calculation of 
flood discharge. Input parameters were derived from each of these steps and 
were then used to determine the peak flood discharges to be used in water 
surface profile modelling (Section 4.4} and in the final determination of rock 
sizes for erosion protection (Section 4.5} . 

4.3.1 Selection of Design Rainfall Event 

One of the phenomena most likely to affect long-term stability is surface 
water erosion. To mitigate the potential effects of surface water erosion, 
the staff considers that it is very important to select an appropriately 
conservative rainfall event on which to base the flood protection designs. 
Further, the staff considers that the selection of a design flood event should 
not be based on the extrapolation of limited historical flood data, due to the 
unknown level of accuracy associated with such an extrapolation. The. licensee 
utilized a PMP computed by·deterministic methods (rather than statistical 
methods} and based on site-specific hydrometeorological characteristics. The 
PMP has been defined as the most severe reasonably possible rainfall event 
that could occur as a result of a combination of the most severe 
meteorological conditions occurring over a watershed. No recurrence interval 
is normally assigned to the PMP; however, the staff has concluded that the 
probability of such an event being equalled or exceeded during the 1000-year 
stability period is very low. Accordingly, the PMP is considered by the NRC 
staff to provide an acceptable design basis. 

Prior to determining the runoff from the drainage basin, the flooding analysis 
requires the determination of PMP amounts for the specific site location. 
Techniques for determining the PMP have been developed for the United States 
by Federal agencies in the form of hydrometeorological reports for specific 
regions. These techniques are widely used and provide straightforward 
procedures with minimal variability. The staff, therefore, concludes that use 
of these reports to derive PMP estimates is acceptable. 

PMP values were estimated by the licensee using Hydrometeorological Report No. 
49 (HMR-49} (NOAA, 1977). The report provides information on distributing the 
rainfall that falls over a particular drainage area; during a PMP event these 
rainfall amounts vary inversely with the size of the area (the smaller the 
area the larger the average rainfall). A 1-hour PMP of 7.4 inches and a 6-
hour PMP of 9.36 inches were used by the licensee as a basis for estimating a 
PMF for Moab Wash which has a drainage area of 5 square miles. For the 
smaller areas at the site such as the.pile .top, embankment side slopes, and 
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the discharge channels, a I-hour PMP of 8.25 inches was used. For the 
Colorado River~ the licensee did not calculate the PMF using PMP values; 
rather, the licensee used existing PMF studies to estimate the PMF (See 
Section 4.3.5.5). 

The licensee's procedures for estimating PMP values were reviewed, and it was 
concluded that a I-hour PMP of 7.4 inches and a 6-hour PMP of 9.36 inches are 
acceptable for Moab Wash. For the other small drainage areas at the site, it 
was concluded that a I-hour PMP of 8.25 inches was acceptable. Based on staff 
review of the rainfall computations, the staff concludes that the PMP was 
acceptably derived for this site. 

4.3.2 Infiltration Losses 

In addition to the amount of precipitation, the determination of the peak 
r~noff rate is also dependent on the amount of precipitation that infiltrates 
into the ground during its occurrence and therefore does not contribute to 
flood flows. If the ground is saturated from previous rains, very little of 
the rainfall will infiltrate and most of it will become surface runoff. The 
loss rate is highly variable, depending on the vegetation and soil 
characteristics of the watershed. Typically, all runoff models incorporate a 
variable runoff coefficient or variable runoff rates. Commonly-used models 

· such as the U.S. Bureau of Reclamation {USBR) Rational Formula {USBR, I977) 
incorporate a runoff coefficient {C); a C value of I represents IOO% runoff 
and no infiltration. Other models such as the U.S. Army Corps of Engineers 
Flood Hydrograph Package HEC-1 {COE, I988) separately compute infiltration 
losses within a certain period of time to arrive at a runoff amount during 

• 
that time period. · 

In computing the peak flow rate for the small drainage areas at the site, the 
licensee used the Rational Formula {USBR; I977). In this formula, the runoff 
coefficient was assumed to be unity; that is, the licensee assumed that no 
infiltration would occur. Based on a review of the computations, the staff 
concludes that this is a conservative assumption and is, therefore, 
acceptable. 

The licensee used HEC-I to estimate PMF values for larger drainage areas such 
as the drainage channels and Moab Wash. Basin characteristics used as input 
parameters to HEC-1 were determined by the licensee using the U.S. Soil 
Conservation Service Curve Number {CN) Method {USBR, 1977). The CN of an area 
is an indication of the amount of· precipitation that will result in runoff. 
It is based on the soil and veget~ion characteristics of a drainage area and 
on the soil moisture levels existing prior to the design storm event. In 
estimating CN values,· the licensee assumed that the soil moisture at the 
beginning of the PMP event would be close to saturation. This resulted in 
conservative PMFs, because saturated soil conditions limit the amount of 
infiltration that will occur and maximize the amount of runoff. 

4.3~3 Times of Concentration 

The time of concentration {tc) is the amount of time required for runoff to 
reach the outlet of a drainage basin from the most remote point in that basin. 
The peak runoff for a given drainage basin is inversely proportional to the 
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time of concentration. If the time of con~entration is computed to be small, 
the peak discharge will be conservatively large. Times of concentration 
and/or lag times are typically computed using empirical relationships such as 
those developed by Federal agencies (USBR, 1977). Velocity-based approaches 
are also used when accurate estimates are needed. Such approaches rely on 
estimates of actual flow velocities to determine the time of concentration of 
a drainage basin. 

Times of concentration for the riprap design were estimated by the licensee 
using several methods, such as the Kirpich Method (USBR, 1977) and the 
Manning's Equation (Chow, 1959). Such methods are generally accepted in 
engineering practice and are considered .by the staff to be appropriate for 
estimating times of concentration. Based a review of the calculations 
provided, the.staff concludes that the tc values used by the licensee were 
acceptably derived. 

4.3.4 Rainfall Distributions 

After the PMP is determined, it is necessary to determine the rainfall 
intensities corresponding to shorter rainfall durations and times of 
concentration. A typical PMP value is derived for periods of about one hour. 
If the time of concentration is less than one. hour, it is necessary to 
extrapolate the data presented in the various hydrometeorological reports to 
shorter time periods. The licensee utilized a procedure recommended in HMR-49 
(NOAA, 1977) and by the NRC staff (NRC, 1990). This procedure involves the 
determination of rainfall amounts as a percentage of the one-hour PMP, and 
computes rainfall amounts and intensitjes for very short periods of time. 

To determine peak flood flows for. the pile (for a PMP of 8.25 inches), 
approximate PMP rainfall intensities were derived by the licensee as shown in 
Table 4-1. 

Table 4-1: · PMP Rainfall Intensity 

Rainfall Duration Rainfall Intensity 
(minutes) (inches/hr) 

2.5 54.5 

5.0 44.5 

15.0 24.4 

60.0 8.25 

The staff checked the rainfall intensities for the short durations associated 
with small drainage basins. Based on a review of this aspect of the flooding 
determination, the staff concludes that the computed peak rainfall intensities 
are acceptable. · 

The temporal distribution of rainfall is the sequence in which a storm· occurs. 
For example, in some storms, such as the PMP in HMR-49, the largest increments 
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of rainfall occur at the beginning of the storm and taper off as the rainfall 
continues. In.other storms, rainfall begins slowly, increasing in intensity 
to a peak near the· center of the storm duration before it begins to taper off. 
It has been shown that a rainfall distribution that peaks near the center of 
the storm duration results in the most conservative (largest) PMF peak 
discharge. In order to obtain conservative PMF estimates, the licensee 
resequenced the incremental rainfall amounts from HMR-49 so that the largest 
rainfall increments occurred near the center.of the storm duration. The 
resequenced PMP amounts, CN values, tc estimates and other parameters were 
then used in the HEC-1 computer program for calculating appropriate PMF peak 
discharges for the collection ditches, drainage channels, and Moab Wash. 
Based on its review of these aspect~ of the flood determinations, the staff 
concludes that appropriate rainfall distributions were used. 

4.3.5 Computation of PMF -

Various methods are used to determine peak PMF flows, depending on the 
location of the feature, the drainage area, and other factors. 

4.3.5.l Top and Side Slopes 

To estimate PMF peak discharges for the impoundment top and embankment side 
slopes, the licensee used the Rational Method (Chow, 1959). This method is a 
simple procedure for estimating flood discharges that is recommended in the 
Staff Technical Position (STP) on Erosion Protection (NRC, 1990). In using 
the Rational Method, the licensee conservatively assumed a runoff coefficient 
equal to one. This means that the entire PMP would result in runoff, i.e., 
there would be no losses due to infiltration and evapotranspiration. 

For a maximum top slope length of 1440 feet {with a slope of 0.018) and a side 
slope length of 310 feet (with a slope of 0.3), the licensee estimated the 
peak flow rates to be about 1.0 cubic feet per second per foot of width 
(cfs/ft) for the top slope and 0.4 cfs/ft for the side slope. For the 10 
percent slope at the extreme southern.end of the pile, the peak flow rate was 
estimated to be 0.7 cfs/ft. Based on a review of the calculations, including 
the time of concentration, rainfall intensity, and runoff, the staff concludes 
that the estimates are acceptable. 

4.3.5.2 Apron/Toe 

PMF flow rates for overland flow for the downstream apron were estimated by 
the licensee and are similar to the flow rates for the side slopes. As 
discussed above, the flow rates are considered to be acceptable. 

4.3.5.3 Collection Ditches and Drainage Channels 

Peak PMF discharges for the collection ditches and drainage channels were 
estimated by the licensee using the HEC-1 computer program. The program was 
developed by the U.S. Army Corps of Engineers (COE, 1988), and is a widely 
used and accepted procedure for estimating flood peak discharges. The method 
is recommended by the NRC staff {NRC, 1990) and is therefore, acceptable. 

Table 4-2 contains a summary of the licensee's calculated·PMF peak discharges 
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for the collection ditches, the Upper Tailings Pile Drainage Channel (TPDC), 
the Lower Tailings Pile Drainage Channel (TPDC), and the Southwest Diversion 
thannel (SWDC). 

Table 4-2: PMF Peak Discharge 

Drainage Area PMF 
Channel (square miles) (cfs) 

Collection Ditch 1 ·.02 376 

Collection Ditch 2 .03 482 

Collection Ditch 3 .04 614 

Upper TPDC .08 1638 

Lower TPDC .09 1640 ·-

SWDC .09 1723 

The flow rate for the Lower TPDC, for example, represents a discharge of about 
18,000 cfs/mi 2 • These flow rates were compared with published historic 
maximum flood rates (Crippen and Bue, 1977). Based on a review of the 
calculations and comparison with historic floods, the licensee's estimates are 
acceptable. 

4.3.5.4 Moab Wash 

To evaluate the adequacy of the licensee's estimated PMF peak discharge for 
Moab Wash, an independent calculation was performed by the NRC staff. Using 
the 1:24,000 scale map provided by the licensee, the staff first verified the 
licensee's estimate of the Moab Wash drainage area (5 square miles). The 
incremental PMP values were then arranged to provide the largest possible 
florid peak discharge. A curve number of 93 was then selected (see discussion 
of curve numbers above; a CN=lOO would mean that 100 percent of the rainfall 
would result in runoff). Using HEC-1, the staff estimated a .PMF peak discharge 
of 16,069 cfs. This compares favorably with the licensee's estimate of 16,129 
cfs. Based on this close comparison, it was concluded that the licensee's PMF 
estimate for Moab Wash is acceptable. 

4~3.5.5 Colorado River 

The licensee did not independently estimate a PMF peak discharge for the 
Colorado River. Instead, existing flood data were reviewed and a search was 
conducted for additional studies of floods in the area. The review provided a 
range of Colorado River flood events that included the highest recorded flood, 
the 100-year, 200-year, and 500-year floods, and two estimates· of the PMF. 
The highest recorded flow, as reported by the U.S. Geological Survey (USGS) 
for Moab, Utah, was 77,000 cfs in 1917. The USGS estimated 100-year, 200-
year, and 500-year flood discharges of 99,500 cfs, 109,500 cfs, and 123,500 
cfs, respectively. However, these estimates are for the nearest stream gaging 
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station which is at Cisco, Utah, located about 35 miles upstream of Moab. 

A PMF peak discharge (300,000 cfs) was previously estimated by the NRC staff. 
This estimate was developed by adjusting the Standard ~roject Flood estimate 
of the Corps of Engineers. As a result, it was recognized that the estimate 
was likely to be conservative. It was significantly higher, however, than the 
178,000 cfs estimated by Dames & Moore and reported by Atlas in the May 1984 
renewal application. · 

In reviewing the licensee's reported historic and estimated extreme flood peak 
discharges for the Colorado River, the NRC staff contacted the USBR. The USBR 
reported that they have not performed any comprehensive flood studies of the 
Colorado River at Moab, Utah. However, PMF reports are available for Hoover 
and Glen Canyon Dams, which are located on the Colorado River downstream of 
Moab (USBR, 1990). The PMF developed for the Colorado River at Glen Canyon 
Dam had a peak discharge of 697,000 cfs. This is more than twice as large as 
the largest recorded flood in the Colorado River which occurred at the site of 
Hoover Dam in July of 1884. That flood had a peak discharge of about 300,000 
cfs. The NRC staff recognizes that these studies are not applicable to the 
Moab site since the drainage areas at these dam sites are considerably· larger; 
however, they can be used to obtain a rough estimate of a PMF at Moab. Chow 
states that, "In some homogeneous areas where tc is a simple function of area, 
the peak rates will vary directly with some power of the area, usually 0.5 
(Chow, 1959)." The Colorado River at Glen Canyon Dam has a drainage area of 
108,000 square miles (USBR, 1990). By comparison, the drainage area for the 
Colorado River at Moab, Utah is about 25,000 square miles, according to the 
licensee's May 1984 renewal application· .. Using the Chow relationship, a rough 
estimate of the PMF for the Colorado River at Moab.would be 335,300 cfs. 
Therefore, assuming a PMF peak discharge of 300,000 at Moab appears to be 
reasonable and acceptable. This estimate was used by the licensee. 

The staff's assessment of flood potential also included a review of paleoflood 
data for the Colorado River basin.. These data were presented in "Paleoflood 
Evidence for a Natural Upper Bound to Flood Magnitudes in the Colorado River 
Basin" (Enzel et al., 1993). In this report, .the authors indicate that the 
largest flood on the Colorado River occurred about 4000 years ago. This flood 
had a magnitude of about 495,000 cfs (14,000 cubic meters per second) at Lee's 
Ferry (Glen Canyon Dam), where the drainage area is about 108,000 square miles 
(279,000 square kilometers). This flood magnitude is less than the estimated 
PMF peak discharge of 697,000 cfs. No d·ata were presented to estimate the 
magnitude of this historical flood at the site; however, using similar 
relationships to those discussed by Chow (1959) and discussed above, an 
approximate estimate of the maximum historical flood at the site (where the 
drainage area is about 25,000 square miles) would be approximately 238,000 
cfs. This discharge is also less than the PMF estimate of 300,000 cfs. 

4.4 Water Surface Profiles and Channel Velocities · 

Following the determination of the peak flood discharge, it is necessary to 
determine the resulting water levels, velocities, and shear stresses 
associated with that discharge. These parameters then provide the basis for 
the determination of the requi,red riprap size and layer thickness needed to 
ensure stability during the occurrence of the design event. 
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4.4.1 Top and Side Slopes 

In determining riprap requirements for the top and side slopes, the licensee 
used the Safety Factors Method (Stevens et al., 1976) and the Stephenson 
Method (Stephenson, 1979), respectively. The Safety Factors Method is used 
for relatively flat slopes of less than 10 percent; the Stephenson Method is 
used for slopes greater than 10 percent. The validity of these design 
approaches has been verified by the NRC staff through the use of flume tests 
at Colorado State University. It was determined that the selection of an 
appropriate design procedure depeods on the magnitude of the slope (Abt et 
al., 1987). The staff, therefore, concludes that the procedures and design 
approaches used by the licensee are ·acceptable and reflect state-of-the-art 
methods for designing riprap erosion protection. Input parameters and design 
methods for riprap sizing are discussed further in Section 4.5. 

4.4.2 Apron/Toe 

The design of the apron/toe for this site must be adequate to withstand forces 
from several different phenomena and is based on the following general 
concepts: (1) provide riprap of adequate size to be $table against overland 
(downslope) flows produced by the design storm (PMP), with allowances for 
turbulence along the downstream portion of the toe; (2) provide uniform and/or 
gentle grades along the apron and the adjacent ground surface such that runoff 
is distributed uniformly onto natural ground at a relatively low velocity, 
minimizing the potential for flow concentr~tion and erosion; (3) provide 
riprap of adequate size to withstand expected peak flow ve1ocities and scour 
in Moab Wash, assuming that the channel has eroded and is located in the · 
immediate area of the toe; (4) provide riprap to resist the highest velocities 
and shear forces expected in the Colorado River channel (such velocities and 
shear forces may not occur during the PMF, but may occur at lesser river flows 
where the backwater effects of the Portal area are not present); and (5) 
provide an adequate apron length and quantity of rock to allow the rock apron 
to collapse into a stable configuration if the main channel of the Colorado 
River erodes toward the site. 

Several analytical methods were used for designing the riprap for the 
apron/toe, depending on its location relative to Moab Wash and the Colorado 
River. Additional detailed di~cussion of the riprap design of various 
components of the apron/toe can be found in Section 4.5.1.2, below. 

4.4.3 Collection Ditches and Drainage Channels 

Using the PMF peak discharges discussed above, flood control features such as 
collection ditches and drainage channels were designed by the licensee. For 
the trapezoidal-shaped ditches and channels with little variation in slope or 
shape, the licensee determined water surface elevations and flow velocities 
associated with the PMF peak discharges by calculating normal depth (Chow, 
1959). Normal depth calculations are generally acceptable for the design of 
riprap erosion protection. In s~me cases, flow profiles and velociti~s were 
calculated by the licensee using the computer program HEC-2 (COE, 1991). This 
methQd is considered to be an acceptable computational method for estimating 
water surface elevations, flow depths, and flow velocities and is recommended 
by the staff (NRC, 1990). Based on a review of the licensee's computations; 
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the staff concludes that the estimates of flow velocity and dept~ of flow are 
acceptable. 

4.4.4 Moab Wash 

There is a potential for the migration of the main channel of Moab Wash toward 
the tailings pile. The NRC staff reviewe~ information and analyses provided 
by the licensee related to channel migration and conducted independent field 
investigations in the Moab Wash channel and overbank area. Based on available 
information, the staff is concerned that during the 1000-year design life, 
Moab Wash may vary its location periodically and unpredictably, and the 
licensee has provided no basis to conclude that Moab Wash cannot move to a· 
location adjacent to the reclaimed tailings impoundment. To prevent-erosion 
into the tailings embankment, the licensee proposes to provi-de a large rock 
toe/apron along the toe of the embankment adjacent to Moab Wash. 

Assuming migration of the channel to the toe of the pile, the licensee 

• 

estimated water surface elevations and flow velocities using HEC-2. The staff 
reviewed the HEC-2 output files that were provided by the licensee. These 
files provided information regarding maximum water surface elevations and 
velocities and included both subcritical and supercritical flow profiles for 
Moab Wash. Since the supercritical profile resulted in the highest _ 
velocities, this profile was used by the licensee to estimate the depth of 
scour and the configuration of th~ buried rock wall. Based on staff review of 
both the supercritical profile and the subcritical profile, the staff 
concludes that the profiles and velocities were acceptably ·derived. 

In developing the profiles, the licensee used various conservative assumptions 
regarding the location and configuration of Moab Wash. In addition to the 
technical bases established by the calculations associated with PMF flows, 
there are several qualitative reasons for the staff to conclude that the 
design is acceptable . 

• 
First, it is not likely that the channel will migrate all the way to the toe 
of the pile. A positive slope of about one percent will be maintained from 
the toe of the embankment toward the main low-flow channel. A large amount of 
soil will need to be eroded before complete channel migration or avulsjon 
occurs. 

Second, the main channel of Moab Wash was assumed to have the same elevation 
in a migrated condition as its design condition. It is more likely that the 
channel will have a higher elevation, since it will be eroding into a mass of 
natural stream deposits in the overbank area that are at a higher elevation. 
The licensee's estimates of scour depth (See Section 4.5.1.2.2) are therefore 
conservative, since the migrated channel invert is assumed to be the same as 
the design condition. · · 

Third, velocities were calculated assuming that the channel retained the same 
configuration following migration. -Such an assumption is conservative, since 
the eroded channel is likely to be less un.iform and have a higher Manning's 
'n' value, resulting i~ a decre~se in ~elocities. 

Fourth, the pr~posed location of Moab Wash is roughly equivalent to the 
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location of the channel prior to initial construction of the Atlas facility. 
The existing (relocated) channel of Moab Wash adjacent to the tailings pile 
was realigned to allow for construction of the mill buildings. Based on 
review of the information provided by the licensee, the channel is more likely 
to remain in its undisturbed location, rather than migrate. 

Fifth, this area is an aggrading alluvial fan area (Mussetter and Harvey, 
1994), and deposition along Moab Wash will continue to occur. Such increases 
in elevation will increase the conservatisms associated with scour depth and 
the bottom elevation of the buried riprap wall. 

4.4.5 Colorado River 

The licensee provided detailed information and analyses (Mussetter and Harvey, 
1994) and used the HEC-2 computer program to evaluate the hydraulic 
characteristics of the Colorado River in the immediate vicinity of the 
reclaimed pile. The study area extended from the Portal area (downstream of 
the pile) to a location upstream of the U. S. Highway 191 bridge (upstream of 
the pile). 

For these water surface profile analyses, the licensee surveyed fourteen cross 
sections of the river. The surveyed sections were tied to the State Plane 
Coordinate System and were extended into the overbank area using data from 
available topographic maps. Construction drawings for the. Route 191 highway 
bridge were obtained from the Utah Department of Highways and Transportation. 

The licensee first calibrated the HEC-2 model by comparing model results to 
observed high water marks for known discharges. This calibration was done to 
verify that input parameters to the model, such as Manning's 'n' value, were 
appropriate. Comparisons were performed for discharges ranging from 4000 cfs 
to 48,900 cfs. In addition, t~e predicted water surface elevation at the toe 
of the tailings pile for a discharge of 70,300 (peak flow rate of the 1984 
flood) was consistent with local observations in 1984 that the flood reached 
the toe of the tailings pile. 

Following calibration of the HEC-2 model, the licensee analyzed water surface 
profiles and velocities for various discharges up to the magnitude of the PMF. 
A summary of the analyses is provided in Table 4-3 for cross section 5, which 
is located near the upstream end of the pile. 

For explanation purposes, the event is a brief description of the flow that 
was analyzed; the flow rate is the flood discharge in cubic feet per second 
(cfs) for that event; the water surface elevation is the water surface 
elevation in feet above mean sea level (ft msl) at cross section 5; the 
channel velocity is the average velocity in feet per second (ft/sec) in the 
main channel of the Colorado River at cross section 5; and the overbank 
velocity is the average velocity in ft/sec in the overbank area adjacent to 
the pile at cross section 5 and is used to conservatively represent the 
maximum velocity that will occur on the pile side slopes. Cross section 5 was 
chosen because the computed channel velocities are higher than those at cross 
section 6. 
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Table 4-3: Water Surface Profiles and Velocities 

Flow Rate Water Surface Channel Overbank 
(cfs) Elevation Velocity Velocity 

(ft msl) (ft/sec) (ft/sec) 

Calibration 4000 3952.0 2.51 ---
Calibration 20,000 3959.1 4.08 ---
1993 Flood 48,900 3964.7 6.03 0.17 

1984 Flood 70,300 3967.6 6.91 0.56 

500-year Flood 123,500 3975.8 5.75 0.98 

PMF (Atlas) 178,000 3983.1 4.61 0.90 

PMF (NRC) 300,000 3996.7 3 .14 0.71 

The HEC-2 analysis performed by the licensee indicated that a peak discharge 
of 300,000 cfs in the Colorado River would result in an elevation of about 
3996.7 ft msl. The maximum flow velocity occurred at a discharge of about 
70,000 cfs and was about 7 ft/sec. The toe of the tailings impoundment is at 
an elevation of about 3968 feet.· Therefore, a PMF discharge of 300,000 cfs 
would result in a depth of water of about ?9 feet against the tailings 
impoundment. The maximum flow velocity (in the overbank against the side 
slope) of about one foot per second is well below the velocity considered to 
cause erosion to the rock armored impoundment side slopes. The licensee 
concluded that the riprap proposed for the impoundment side slopes is adequate 
for resisting extreme floods in the Colorado River (See Section 4.5, below). 

To independently verify the licensee's conclusions, a sensitivity study was 
performed assuming a larger flood discharge in the Colorado River. This 

•
analysis indicated that even a discharge of 600,000 cfs (the approximate PMF 
at Hoover Dam) would not result in erosive flow velocities against the 
tailings impoundment. Such a discharge would have a maximum flow velocity 
against the reclaimed tailings of about 1.6 feet per second (fps), even though 
the toe of the pile would be inundated by about 50 feet of water. 

Such low flow velocities result from a narrow gorge 2 miles downstream of the 
mill site called the Portal. This channel constriction has limited flood 
carrying capacity; consequently, during an extreme flood event, floodwaters 
will pond in the wide river channel and overbank areas upstream of the Portal. 
This situation is analogous to that of a dam which ponds water in the upper 
end of its reservoir due to the limited capacity ·of the outlet. For example, 
during routine flows, a river channel flowing into the reservoir may have flow 
velocities in excess of IO ft/sec; however, if reservoir ponding occurs to 
inundate the channel, the velocity could be less than one ft/sec in the same 
channel for a larger flow rate. This is essentially what happens on the 
Colorado River near the Atlas site during·large floods. The river channel at 
the Portal is capable of discharging only a relatively low {compared to areas 
upstream) flow, and when that flow rate is exceeded, ponding occurs, reducing 
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velocities upstream of the Portal. 

In spite of the low velocities that are produced·during the occurrence of 
major flood flows, the staff is concerned that there is a potential for the 
Colorado River to migrate and possibly reach the t~e of the reclaimed tailings 
disposal area. These concerns are based on staff observations and review of 
licensee analyses which indicate that erosion will occur during lesser flood 
events and this erosion is currently on-going in the immediate site area. 
Further, the Colorado River may have once been located north of the pile, and 
there is no assurance that it could not migrate northward. The licensee has 
indicated that the potential for migration is very low and that there are. 
several bases supporting this low probability. The staff requested that Atlas 
provide quantitative evidence to support this ·conclusion; however, Atlas was 
not able to do so. Therefore, Atlas intends to provide a larg rock apron at 
the toe of the disposal cell to protect the pile from erosion. e apron will 
be located on the southeastern side of the pile and will be desig ed to · 
collapse into the channel, if migration occurs. The staff concl es that 
providing such a design measure is appropriate, since quantitat' e proof of 
channel stability cannot be provided. 

However, the staff reviewed the licensee's qualitative tnformation and 
. generally concludes that the potential for migration is very ·1ow during a 200-

1000 year period. Several site-specific factors need to be considered. 

First, channel migration is normally the result of the meandering of a freely
adjustable stream. The ability of the Colorado River to meander across the 
Moab Valley is restricted by bedrock controls upstream at the valley entrance 
and downstream at the Portal. 

Second, the rate of bank retreat is dependent upon th~ forces exerted and the 
resistance of the bank material to erosion. The maximum velocity of the river 
is about 7 ft/sec, which is generally.not extremely erosive. Further, the 
overbank area between the river and the disposal area is heavily vegetated 
with grass, weeds, and tamarisks. Such heavy vegetation provides a 
considera~le amount of erosional stability for both erosion and bank 
sloughing. 

Third, the presence of mid-channel bars would tend to indicate that the river 
is probably aggrading more than it is eroding. This indicates that velocities 
in the area are low, tending to cause deposition rather than erosion. 

Fourth, a considerable amount of aggradation caused by sediments from Moab 
Wash and Courthouse Wash appears to be occurring. Mussetter and Harvey (1994) 
discuss evidence suggesting that aggradation has occurred in the vicinity of 
the site over the last 20 years. 

Fifth, aerial photographs indicate that lateral accretion has occurred along 
the river bank downstream of the site. Photographs taken between 1960 and 
1985 indicate that some accretion has occurred in this area.· 

In summary, the staff concludes that it is unlikely that the river will 
migrate as far as the tailings pile within the next 200-1000 years. ·However, 
because quantitative proof of bank stability was not provided; it is prudent . . 
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to design the pile for such an occurrence. The licensee intends to provide an 
erosion protection apron for the pile and this measure is considered by the 
staff to be a conservative method for addressing Colorado River erosion 
concerns. ·A detailed discussion of the design of the apron may be found in 
Section 4.5.1.2.3. 

4.5 Erosion Protection 

The ability of a riprap layer to resist the velocities and shear forces 
associated with surface flows over the layer is related to the size and weight 
of the stones which make up the layer. Typically, riprap layers consist of a 
mass of well-graded rocks which vary in size. Because of the variation in 
rock sizes, design criteria are generally expressed in terms of the median 
stone size, D5Q, where the numerical subscript denotes the percentage of the 
graded material that contains stones of less weight. For example, a rock 
layer with a 05 of 4 inches could contain rocks ranging in size from 0.75 
inches to 6 incies; however, at least 50% of the weight of the layer will be 

~provided by rocks that are 4 inches or larger. 

Depending on the rock source; variationi occur in the sizes of rock available 
for production and placement on the reclaimed pile. It is necessary to ensure 
that the variation in rock sizes is not extreme, and design criteria for . 
developing acceptable gradations are provided by various sources {e.g., COE, 
1971, and Simons and Li, 1982). 

4.5.l Sizing of Erosion Protection 

Riprap layers of various sizes and thicknesses are proposed for use at the 
site. The design of each layer is dependent on its location and purpose. The 
licensee proposes to use several different sizes and layer thicknesses, 
depending on the location and erosive forces that could occur. To reduce the 
number of gradations that need to be produced, the licensee will place larger 
rock in some areas than is required. For example, rock to be used on the 
upper portion of the top slope has a average· size of 1.3 inches. However, in 
the extreme upper portion of this upper slope, rock requirements are much less 
than 1.3 inches. For ease of construction and to minimize the number of 
gradations, the licensee has purposely overdesigned several areas of the 
-reclaimed surfaces. Table 4-4 summarizes the riprap to be used at the Atlas 
site. 

Discussion of the design of each of these features. is provided in the sections 
that follow. · 

The staff reviewed the 050 sizes proposed by the licensee, and details of 
layer thicknesses and gradations. Based on this review, the overall riprap 
design is considered to be acceptable. Additional ·discussion of the design is 
provided below. 
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Table 4-4: Riprap Sizes and Thicknesses 

Location/Feature D50 Layer Thickness 
(inches} (inches) 

Upper Top Slope 1.3 4 

Lower Top Slope (lV:lOH) 3.0 6 

Side Slope (3V:IOH) 5.3 10.5 

Collection Ditches 5.3 10.5 
Upper Tailings Pile Drainage Channel 5.3 10.5 

Moab Wash Channel 9.0 13.5 
Southwest Drainage Channel 9.0 13.5 

Apron along Colorado River 11.2 30 
Southwest Drainage Channel 11.2 17 

Lower Tailings Pile Drainage Channel 17.4 26 

Lower Southwest Drainage Channel 27.6 42 
{Outlet) 

4.5.1.1 Top and Side Slopes 

The riprap on the top slope has been sized to withstand the erosive velocities 
resulting from an on-cell PMP, as discussed in previous sections~ The 
licensee proposes to use a 4-inch rock layer with a mi~imum D50 rock size of 
1.3 inches at the upper portion of the cell. For a portion of the top slope 
with a slope of IV on IOH, a 6-inch layer with a minimum D5Q of 3 inches will 
be used. The Safety Factors Method was used to determine the rock sizes. 
Based on staff review of the calculations, we conclude that the design is 
acceptable. 

The riprap for the side slopes is also designed for an occurrence of the local 
PMP. The licensee proposes to use a 10.5-inch layer of rock with a minimum 
D50 of 5.3 inches. The rock layer will be placed on a 6-inch bedding layer. 
Stephenson's Method was used to determine the required rock size. · 
Conservative values were used for the specific gravity of the rock, the rock 
angle of internal friction, and porosity. Based on staff review of the 
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licensee's analyses and the acceptability of using design methods recommended 
by the NRC staff, as discussed in Section 4.4 of this report, the staff 
concludes that the proposed rock size for the side slope is adequate. 

The riprap proposed for the side slopes of the tailings embankment could be 
subjected to shear stresses from the PMF in the Colorado River. In addition, 
the tailings impoundment is located on the outside bend of the Colorado River 
where the river turns from a westerly· to a southerly direction. Because the 
potential for erosion is greater at the outside bend of a·channel, an analysis 
was performed using the COE procedures (COE, 1970) to determine if the riprap 
proposed for the embankment side slopes was of sufficient size to resist the 
erosion potential ·at the outside river bend. ·Based on the use of COE 
procedures, the staff concludes that the estimated flow velocity of about one 
ft/sec is well below the velocity that the riprap on the embankment side 
slopes can withstand. On this basis, it was concluded that a PMF in the 
Colorado River will not adversely affect the stability of the reclaimed 
tailings pile • 

As discussed in Section 4.4.5, there is a potential for the Colorado River to 
migrate towards the tailings pile. For conservatism, the staff assumed that 
the river channel will migrate to a location 'immediately adjacent to the 
embankment side slope and that the peak channel flow velocity of about 7 
ft/sec will occur. The staff considers thii scenario to be extremely 
unlikely, even in a 1000-year design lifetime. However, based on review of 
the velocity adjacent to the side slope, the proposed riprap size of 5.3 
inches is also capable of resisting this peak channel velocity. As discussed 
in Section 4.5.1.2.3, the contrblling hydraulic design force results from 
overland flows directly down the pile side slope • 

. 4.5.1.2 Apron/Toe 

As previously discussed, the design of the apron/toe area must be capable of 
withstanding various phenomena. The riprap design is dependent on the 

• 
specific location of the toe, and erosion protection needs to be provided 
against (1) overland flows down the side slope onto the toe, (2) Moab Wash, 
and (3) the Colorado River. 

4.5.1.2.1 Overland Flows 

In those areas where the embankment side slopes or toes are not affected by 
the Colorado River or by Moab Wash, the licensee has designed the side slopes 
to simply transition to natural ground. The riprap on the pile side slope 
will be extended and the toe will consist of rock extended 3 feet below the 
surface of the ground. This depth.is greater than the estimated scour of 0.92 
foot, which was estimated using Department of Transportation procedures (DOT, 
1975). This method for estimating scour d~pth is reconunended in the STP on 
Erosion Protection (NRC, 1990). Based on review of the calculations provided 
by the licensee, the staff concludes that this aspect of the toe design is 
acceptable. · 

4.5.1.2.2 Moab Wash 

As discussed in Section 4.4.4, above, the licensee provided designs and 
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analyses of the riprap to be placed along the sides and toe of the pile, 
assuming that the main channel of Moab Wash had migrated to a new location 
immediately adjacent to the toe of the side slope embankment. The design 
included consideration of the: (l} potential future location of the channel; 
(2} estimated depth of scour; and (3} PMF water surface elevations. 

To determine the areal extent of the apron/toe erosion protection, it was 
necessary for the licensee to analyze the hydraulic characteristics, assuming 
migration of the mai~ channel of Moab Wash. The licensee developed water 
surface profiles and velocity estimates for such a channel configuration (See 
Section 4.4.4}. Based on the velocity estimates and an evaluation of the 
potential for scour, erosion, and deposition, the licensee will construct a 
buried riprap wall along the toe of the pile, with the rock extending downward 
to the expected depth of scour. The buried wall will be constructed from the 
mouth of the lower impoundment drainage channel eastward to the point where 
the northeast debris pit begins. From there, the buried wall will extend 
southeastward to a point where the wall joins the rock apron that protects the 
pile from Colorado River migration (See Section 4.5.1.2.3}. 

The licensee concludeij that the potential for channel migration toward the 
pile was greatest along the north side of the pile, where Moab Wash could be 
expected to meander and encroach ~pon the toe of the slope. In this area, the 
cross-sectional flow area is smallest, and velocities will be highest. Along 
the east side of the pile, beginning at the northeast debris pit, the flow 
area becomes much larger and the flow velocities are much lower. Therefore, 
the potential for channel migration in this area is lower. 

The depth of scour was estimated by the licensee using four different methods, 
as recommended by Pemberton and Lara (1984}. Using the field measurement 
method, the Regime Equation method, the mean velotity method, and limiting 
scour control method, the licensee estimated the scour depth to be about 7-8 
feet along the northern portion of the disposal cell. Along the northeastern 
portion of the cell in the area of the debris pit, a scour depth of 3.6 feet 
was estimated. Based on a review of computations provided by the licensee, 
the staff concludes that the estimates are acceptable. 

The riprap to be provided in the toe area was estimated by the licensee using 
the Corps of Engineers allowable shear stress method (COE, 1994}. This method 
is appropriate when flow depths are larger than the rock size. The staff 
reviewed computations provided by the licensee and independently estimated the 
rock size using methods discussed in NUREG/CR-4651 (Abt et al., 1987}. Based 
on this review, the staff concludes that the proposed 050 rock size of 9 
inches is acceptable. 

4.5.1.2.3 Colorado River 

As discussed in Section 4.4.5, above, the licensee provided designs and 
analyses for the riprap to be placed along the sides and toe of the pile, 
assuming that the channel of the Colorado River had migrated tb ~ new location 
immediately adjacent to the toe of the side slope embankment. The revised 
design included consideration of the: {l) assumed future location of the 
channel; (2} estimated depth of scour; and (3} required volume and size of the 
riprap. · 
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To determine the areal extent of the apron/toe erosion protection, the 
licensee simply assumed that the main channel of the river would erode toward 
the pile and would ultimately exist immediately adjacent to the toe of the 
pile at all points along the southeastern side. The staff considers this to 
be an unlikely situation and a conservative assumption. Based on a geomorphic 
evaluation {Mussetter and Harvey, I994) of the potential for scour, erosion, 
and deposition, the licensee will construct a large rock apron along the toe 
of the pile. The apron will be provided from the mouth of the southwest 
drainage channel northeastward to the point where it joins the Moab Wash toe 
protection in the area of the debris pit. 

To estimate the depth of scour associated with migration of the river, the 
licensee conservatively assumed that the river channel would retain 
essentially the same elevations and configuration in its migrated state as in 
its current state. The current minimum river bottom elevation was assumed to 
be the maximum depth of scour. This assumption resulted in an estimated scour 
depth of about 2I feet. Based a review of the information provided, the staff 
concludes that the assumptions are acceptable. 

To provide adequate erosion protection and to prevent erosion of the 
embankment side slope, the licensee will provide· a large essentially 
horizontal, rock apron, designed to collapse onto the side slope of the 
migrated river channel. The rock volume will be sufficient to cover the 
channel bank and to prevent further erosion of the river bank and the pile 
side slope. The riprap to be provided for the rock apron was estimated by the 
licensee using methods developed by the COE {COE, I994 and COE, I995). The 
staff reviewed computations provided by the licensee. Based on this review, 
the staff concludes that the proposed apron length and thickness will provide 
an adequate volume of rock to protect the side slope from further migration of 
the Colorado River. 

The size of the riprap to be placed in the apron is not controlled by flow 
velocities in the Colorado River. As discussed above, the maximum flow 
velocity of the river {using the extremely conservative assumption that'the 
main channel, rather than the overbank, is adjacent to the pile side slope) is 
about 7 ft/sec, produced by a flow of about 70,000 cfs. If this were the 
controlling case, the side slope rock size of 5.3 inches would be more than 
adequate to prevent further erosion. Actually, the size of the apron rock is 
controlled by overland flows directly down the side slope. The licensee 
assumed that when the rock collapses into the scoured area, it will collapse 
onto the river bank in a configuration where the side slope is IV on 2H. 
Flows directly down a IV on 2H slope will require a rock size larger than 5.3 
inches, which would be adequate for the 3V on IOH side slope. To provide the 
required protection, the licensee used the Stephenson Method to determine that 
the riprap apron will need an average rock size of II.2 inches. Based on 
review of the computations provided by the licensee, the staff concludes that 
this rock size is acceptable. 

4.5.I.3 Collection Ditches and Drainage Channels 

Median rock diameters {050 ) for the collection ditches and drainage channels 
were estimated by the licensee using either the Corps of Engineers' Shear 
Stress Method {COE, I994) or the Safety Factors Method {Stevens et al., I976). 
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The COE method was used in cases where channel flow depths are large, relative 
to the median rock diameter. For shallow channels, the Safety Factors Method 
was used. These rock sizes are summarized in Table 4-4. The methods used by 
the licensee for designing erosion protection are those recommended in the STP 
on Erosion Protection (NRC, 1990), and are t~erefore acceptable. 

To verify the licensee's riprap design for the collection ditches and 
channels, independent analyses were performed using methods developed by NRC 
contractors (Abt et al., 1987), the Safety Factors Method, and the Corps of 
Engineers' Shear Stress Method. These independent analyses indicated that the 
D50 values proposed by the licensee are adequate. Therefore, the staff 
concludes that the riprap sizes proposed by the licensee are acceptable. 

4.5.1.3.1 Ditch Outlets 

The licensee proposes to construct heavily-armored rock sections at the 
outlets of both the Southwest Runoff Drainage Channel (SWDC) and the Lower 

. Tailings Pile Drainage Channel (TPDC). Their purpose is to protect the 
outlets of these channels from headcutting that may result from scour and may 
propagate upstream, potentially impinging on tailings. The depth of the 
proposed rock protection is equal to the expected depth of scour, which was 
estimated by the licensee to be approximately 8 feet. The outlet sections 
were assumed to collapse due to either: 1) gully headward erosion over a long 
period of time, or 2) the PMF flows in the ditches. In order to reduce the 
rock size required at the outlets,_ the licensee proposes to construct outlet 
slopes of IV on 9H. In this design case, the scoured configuration is pre
constructed, rather than assumed to have collapsed randomly into a steeper 
configuration requiring much larger rock. 

The D50 sizes of the rock in the outlet sections are proposed by the licensee 
to be 17.4 inches for the Lower TPDC and 27.6 inches for the SWDC. These 
sizes are larger than the required sizes computed by the licensee using the 
Stephenson Method. Based on a review of the calculations by the staff, the 
designs of the outlet sections are considered to be acceptable. 

The licensee does not propose to provide outlet protection at the outlet of 
Moab Wash because the elevation of the outlet is controlled by the Colorado 
River. It is highly unlikely that the base level of the Colorado River will 
change during the performanc~ period (Mussetter and Harvey, 1994). Therefore, 
the outlet of Moab Wash should remain fairly stable. The NRC staff agrees 
that outlet protection is n~t required for Moab Wash. 

4.5.1.3.2 Sediment Considerations 

In general, sediment deposition can be a problem in diversion ditches when the 
slope of the diversion ditch is less than the slope of the natural ground 
where flows enter the. ditch.. .It is usually necessary to provide sufficient 
slope and capacity in the diversion ditch to flush or store any sediments 
which will enter the ditch. Concentrated flows and high velocities could 
transport large quantities of sediment, and the size of the particles 
transported by the natural gully may be larger than the man-made diversion 
ditch can effectively flush out. · 
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For this site, a considerable amount of sediment from the upland drainage area 
can be expected to enter the Southwest Diversion Channel (SWDC), for the 
following reasons: · 

1. The upland drainage area has.an extremely steep slope in the vicinity of 
the ditch, whereas the diversion ditch itself has been designed with a 
relatively flat slope in the reaches adjacent to the tailings 
embankment. Flow velocities in the ditches may not be as high as those 
occurring on the natural ground. Therefore, sediment, cobbles, and 
boulders may be transported to the ditch and may not be easily be 
flushed out by the lower velocities in the ditch. 

2. The potential for gully development (and resulting high flow velocities) 
in the upland drainage area and subsequent transport of material into 
the diversion ditch is high. Gullies and areas of flow concentration 
are evident upstream of the diversion ditch, based on review of 
topographic maps of the area and a staff site visit to the area. Flows 
moving towards the diversion ditch will tend to concentrate in these 
gullies, increasing the potential for gully incision and transport of 
sediment. 

To document the acceptability of the ditch design, the licensee demonstrated 
that the ditch will be capable of discharging the design flows, even if 
blockage occurs. The licensee assumed that sediment, debris, and large rocks 
would be deposited in the SWDC. The licensee determined that this channel 
would have adequate flow capacity, even if a significant amount of blockage 
(50%) occurred. The licensee performed analyses using HEC-2. and determined 
the effects of blockage on flow velocities and water surface profiles. The 
licensee determined that the blockage would raise PMF water surface elevations 
in the channel. The licensee proposes to vertically extend the required 
riprap to the increased elevations. Also, the blockage will increase the 
velocities, and the licensee will provide riprap of adequate size to resist 
those increased velocities. The proposed riprap varies in size from 9 inches 
in the upper reaches of the channel to 17 inches in the lower portions of the 
channel and was sized using COE design methods {COE, 1994) and the Safety 
Factors Method (Stevens et al., 1976). 

Further, the licensee determined that the increased velocities will increase 
the depth of scour along the side slope, and therefore proposes to extend the 
side slope riprap vertically downward to the expected scour depth. The scour 
depth was determined using procedures discussed by Pemberton and Lara (1984); 
the acceptability of these scour analyses is discussed in Section 4.5.1.2~2. 

Based on a review of the calculations provided, including the water surface 
profiles and riprap sizing techniques, the staff concludes that the SWDC will 
effectively accommodate a large amount of rock and debris entering the 
channel. The staff further concludes that the channel will convey PMF flows 
in a manner that will not affect the stability of the pile. 

A landslide potential exists in the site area. This issue was evaluated by· 
the staff and is further discussed in Section 2.4. Based on this analysis, 
design changes were not needed to the SWDC to acco11111odate the expected 
sediment input into the channel. The assumption of 50 percent blockage, as 
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discussed above, is considered to be conservative. 

4.5.2 Riprap Gradations 

The various estimated D50 values were used as the basis for the design of well 
graded mixtures of rock to resist the shear forces of the PMF peak discharge. 
Riprap gradations and layer thicknesses were developed by the licensee using 
the criteria outlined in "Surface Mining Water Diversions Design Manual" 
(Simons and Li, 1982). To verify the adequacy of the licensee's proposed 
riprap gradations, independent spot checks were made by the staff using design 
methods presented in NUREG/CR-4620 (Nelson et al., 1986). These checks 
indicated that the gradations proposed by the licensee are acceptable. 

The licensee estimated many riprap sizes for the various applications. 
However, to reduce the number of different riprap sizes and gradations, the 
licensee elected to use larger rock than required in many areas. Thus, 
additional conservatisms are added to the design in those areas where larger 
rock than required is used . 

4.5.3 Rock Durability 

NRC regulations require that control of residual radioactive materials be 
effective for up to 1000 years, to the extent reasonably achievable, and, in 
any case, for at least 200 years. The previous sections of this TER examined 
the ability of the erosion protection to withstand flooding events reasonably -
expected to occur in 1000 years. In this section, rock durability is · 
considered to determine if there is reasonable assurance that the rock itself 
will survive and remain effective for 1000 years. 

Rock durability is defined as the ability of a material to withstand the 
forces of weathering. Factors that affect rock durability are 1) chemical 
reactions with water, 2) saturation time, 3) temperature of the water, 4) 
scour by sediments, 5) windblown scour, 6) wetting and drying, and 7) freezing 
and thawing. 

To assure that the rock used for erosion protection remains effective for up 
to 1000 years as required by Criterion 6 of 10 CFR Part 40, Appendix A, 
potential rock sources must be tested and evaluated to identify acceptable 
sources of riprap. A procedure for determining the acceptability of a rock 
source· is presented in Appendix D of the STP on Erosion Protection (NRC, 
1990). The procedure discussed in th~ STP includes the following steps: 

Step 1. 

Step 2. 

Step 3. 

Test results from representative samples are scored on a scale of 0 
to 10. Results of 8 to 10 are considered "good"; results of 5 to 8 
are considered "fair~;· and results of 0 to 5 are considered "poor." 

The score is multiplied by a weighting factor. The effect of the 
weighting factor is to focus the scoring on those tests that are the 

·most applicable for the particular rock type being tested. 

The weighted scores are totaled, divided by the maximum possible 
_ score, _and multiplied by 100 to determine the rating. 
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Step 4. The rock quality scores are then compared to the criteria which 
determines its acceptability, as.defined in the NRC scoring 
procedures. 

After these tests are conducted, a rock quality score is determined. 
Different minimum scores, depending on the location where the rock will be 
placed, are recommended in the STP. Rock scoring 80 percent or greater 
indicates high quality rock that can be used for any application. Rock scores 
between 65 and 80 percent indicate less durable rock that can also be used for 
most applications, provided that the riprap is appropriately oversized. Rock 
scoring less than 65 percent cannot be used for critical areas such as 
diversion ditches or poorly drained toes and aprons. Rock scoring between 50 
and 65 percent can be used in non-critical areas such as well drained tailings 
pile tops and side slopes provided it is oversized as recommended in the STP 
on Erosion Protection (NRC, 1990). Rock scoring less than 50 percent is not 
recommended for use in any application. 

In general, rock durability testing is performed using standard test. 
procedures, such as those developed by the American Society for Testing and 
Materials (ASTM). The ASTM publishes and updates an Annual Book of ASTM 
Standards (ASTM, 1995), and rock durability testing is usually performed using 
these standardized test methods. 

The licensee has identified several acceptable potential rock sources in the 
proximity of the Atlas Mill. Petrographic analyses using ASTM C 295 were 
performed by the licensee on samples from a sedimentary source and on samples 
of alluvial rock. Rock samples were also tested for Bulk Specific Gravity and 
Absorption (ASTM C 127), Sodium Sulfate Soundness (ASTM C 88), Los Angeles 
Abrasion (ASTM C 131 or C 535) and Tensile Strength. The results of these 
tests were then evaluated using .procedures recommended in the STP on Erosion 
Protection (NRC, 1990) and the rocks were found to be acceptable. Atlas 
reserves the right to either use the tested rock or an alternate source. 
Regardless of the rock source used, the licensee has cormnitted to meet the 
durability and-oversizing recormnendations of the STP on Erosion Protection. 

Based on a review of the rock durability analysis provided by Atlas, and 
considering the commitment to comply with the STP on Erosion Protection (NRC, 
1990), it was concluded that acceptable rock will be used for erosion 
protection. 

4.5.4 Testing and Inspection of Erosion Protection 

The staff reviewed and evaluated the testing, inspection, and quality control 
procedures proposed by the licensee for the erosion protection materials and 
design features. The review included evaluations of programs for durability 
testing, gradation testing, rock placement, and verification.of rock layer 
thicknesses. 

4.5.4.1 Durability Testing 

The licensee's proposed rock durability testing will include the following 
tests, shown with their ASTM designation: 
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1. Bulk Specific Gravity - ASTM C 127 
2. Absorption - ASTM C 127 
3. Sodium Sulfate Soundness -.ASTM C 88 
4. L.A. Abrasion at 100 cycles - ASTM C 131 or ASTM C 535 

Durability test results will be used by the licensee to determine a rock 
durability rating in accordance with Table 0-1 of ·the STP on Erosion 
Protection (NRC, 1990). The licensee proposes that the following criteria 
wi 11 be used to determine acceptable uses of rock, based on its durability 
rating: 

1. Rock having· a durability rating of greater than or equal to 80 may be 
used as riprap or filter material. 

2. Rock having a durability rating'of les~ ~han 80 and greater than or 
equal to 65 may be placed in surface water control ditches, and used as 
riprap or filter material only after being oversized in accordance with 
the STP. 

3. .Rock having a durability rating of less than 80 and greater th~n or 
equal to 50 may be used on the top or side slopes, only after being 
oversized in accordance with the STP. 

4. Rock having a durability rating of less than 65 may not be used for 
riprap or filter material in a drainage-channel. Rock having a 
durability rating of less than 50 may not be used for any application. 

5. . In addition to oversizing the rock according to the durability ratings, 
an additional oversizing factor of 20 percent will be added if rounded 
alluvial rock is used. 

The licensee proposes that a minimum of one initial test series will be 
performed prior to using rock for riprap or filter material. Additional test 
series will be performed when approximately one-third and two-thirds of the 
total volume of each type of riprap or filter material have been delivered. 
When the total volume of any type of riprap or filter material exceeds 30,000 
cubic yards, the licensee will conduct an additional test series for each 
additional 10,000 cubic yards delivered. The licensee also committed to 
performing additional tests when the rock characteristics (i.e., color or 
texture) in the rock borrow source vary significantly from the rock.that was 
previously tested. -

. . 
Based on a review of the proposed procedures, the staff concludes that the 
durability testing program will ensure that rock of acceptable quality is 
provided. The testing program is equivalent to several which were approved by 
the staff and have been implemented at other reclaimed sites during 
construction. - · 

4.5.4.2 Gradation Testing 

The licensee proposes that riprap, rock mulch, and the filter material 
gradations will be verified during reclamation using the following procedures: 
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I. Filter gradations will be tested using ASTM C 136, Standard.Method for 
Sieve Analysis of Fine and Coarse Aggregates, or ASTM D 422, Standard 
Test Method for Particle-Size Analysis of Soils, as appropriate. 

2. For riprap having a maximum nominal diameter (D_) of less than or equal 
to 6 inches, ASTM C 136, Standard Method for Sieve Analysis of Fine and 
Coarse Aggregates, will be used to verify that gradations comply with 
the specifications. 

3. Gradation testing will be performed at the same frequency as rock 
durability testing. 

Based on a review of the proposed procedures, the staff concludes that the 
gradation testing program will ensure that rock layers with acceptable 
gradations are provided. The testing program is equivalent to several which 
were approved by the staff and have been implemented at other reclaimed sites 
during construction. 

4.5.4.3 Riprap Placement 

The licensee proposes a placement program· where: (I) riprap will. be placed to 
the depths and grades shown on the drawings; (2) riprap will be placed in a 
manner to ensure that the larger rock fragments are uniformly distributed and 
the smaller rock fragments serve to fill the void spaces between the larger 
rock fragments, so that a densely packed, uniform layer of riprap of the 
specified thickness will result; (3) hand placing will be used, as.necessary, 
to ensure proper results; and (4) material. that does not meet these 
specifications will be either reworked or removed and replaced as necessary. 

Based on a review of the licensee's proposal, the staff concludes that the 
procedures will ensure acceptable placement. The placement procedures are 
equivalent to several which were approved by the staff and have been 
implemented at other reclaimed sites during construction. 

Rock Layer Thickness Testing 

The licensee proposes that the thickness of the rock layers will be verified 
by establishing a 200-foot by 200-foot grid over the tailings impoundment and 
using specific procedures for measuring and recording depths. Visual 
examinations will also be conducted to verify the uniformity of depths. 

Based on a review of the information provided, the staff concludes that the 
proposed testing program is acceptable. Combined with the rock placement 
procedures discussed in Section 4.5.4.3, above, the program conforms to other 
previously-approved programs that have been implemented at other Title I and 
Title II sites. 

4.5.5 Wind erosion 

The tailings impoundment is located in an area that provides some wind 
protection due to the local topography. ·Cliffs on the western side of the 
impoundment rise abruptly for 1000 feet. To the north and east of the site 
are 500 to 600 ft high barren sandstone formations. The staff considers that 
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the site will be adequately protected from wind erosion by placement of 
engineered riprap layers that protect the tailings from surface water erosion. 
Studies performed for the NRC {Voorhees et al., 1983) have shown that an 
engineered riprap layer designed to.protect against water erosion will be 
capable of providing adequate protection against wind erosion. 

Wind erosion ~nd d~position of wind-blown material could occur and these 
deposits could accumulate in the various drainage channels. To document that 
clogging of the channels, particularly the smaller collection ditches on the 
top slope, the licensee provided analyses of sedimentation and channel 
flushing. These analyses indicate that the channels will produce sufficient 
velocities to flush out a considerable amount of material, even during small 
flood flows. The staff reviewed these computations and concludes that 
reasonable assumptions and methods were used. Therefore, the staff concludes 
that the design is acceptable. 

4.6 Upstream Dam Failures 

There are no impoundments near the site whose failure could potentially affect 
the site. 

4.7 Conclusions 

Based on review of the information submitted by the licensee and on· 
independent calculations, the NRC staff concludes that the licensee has 
identified the appropriate floods for the design of erosion protection 
features at the site. The staff further concludes that water surface profiles 
and channel velocities were appropriately derived and are acceptable as a 
basis for the design of erosion protection features. Based on the most recent 
licensee information, the erosion protection design is adequate to provide 
reasonable assurance of protection for 1000 years, as required in Criterion 6 
of 10 CFR Part 40, Appendix A. · 
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APPENDIX A 

RESPONSES TO COMMENTS RECEIVED ON THE 

DRAFT TECHNICAL EVALUATION REPORT 



3.12.4 . Re~isions to the TER 

No revisions were made to the TER. 

3.13 Incomplete Settlement Analysis 

3.13.1 Commenters 

Atlas (57-13) 
State of Utah (58-14) 

3.13.2· Summary of Issues 

Atlas ~iscussed open issue no. 7 (additional tailings characterization). 
Atlas stated that the lack of a field testing plan at that time did not 
impli~ate the underlying technical suitability of the reclamation plan design. 
The State of Utah questioned the January 29, 1996, Woodward-Clyde shear strain 
analysis. It was the State's contention that such an approach cannot 
adequately evaluate the type of surface disturbance that could impact the 
pile. 

3.13.3 Staff Analysis of Comments 

Atlas has completed additional studies which address the various modes of 
settlement to which the embankment may be subject. The Woodward-Clyde 
analyses indicate that a buried scarp would not adversely affect settlement of 
the embankment. Based on its review of the analyses performed by Woodward
Clyde, which examined various potential failure modes, the staff concludes 
that the embankment will be capable of resisting such extreme conditions. 

3.13.4 Revisions to the TER 

A new section, 3.3.5, addressing the stability of the pile with respect to 
subsidence, was added to the TER. -

4.0 SURFACE WATER HYDROLOGY AND EROSION PROTECTION 

4.1 Design of Rock Apron 

4.1.1 Commenters 

Richard L. Christie (23-2) 
Utah Division of Radiation Control (58-24) 
Grand County Council by Jenner & Block (59-39) 

4.1.2 Sun111ary of Issues 

Christie and the Grand County Council questioned the ability of rock apron to 
be effective if the Colorado River migrates toward the pile. 

The State of Utah indicated that details· of the rock wall transition area at 
the pile should be included in the engineering plan. 
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4.1.3 Staff Analysis of Comments 

The staff has carefully evaluated the design of the rock apron that will 
provide the ultimate protection against erosion if the.Colorado River channel 
erodes and migrates to the tailings pile. The staff recognizes the importance 
of this structure and has conservatively evaluated its design in several 
areas. 

First, the design is based on procedures developed by the U. S. Army Corps of 
Engineers (COE). The COE relies on fundamentally sound, published, and peer
reviewed techniques. In addition, COE designs are field tested and model 
tested in their extensive research facility at the Waterways Experiment 
Station in Vicksburg, Mississippi. The COE's detailed design procedures are 
published in "Toe Scour and Bank Protection Using Launchable Stone," dated 
September, 1995. The design of the Atlas rock apron conforms to the suggested 
methods in this report. ·second, the size of the rock to be provided in the 
apron area is larger than needed to resist flow velocities in the Colorado 
River. Since the design is based on flows down the slope, the overdesign of 
the rock for flows along the slope provides an added measure of conservatism. 
Third, the staff has conducted flume studies at Coloiado State University for 
design of erosion protection to prevent gully intrusion by providing rock 
aprons for collapse into eroded areas. The results of these tests indicate 
that collapsible rock is an effective method for providing adequate erosion 
protection. Staff contractors have personally visited several locations where 
such designs have been implemented. The designs appear to be functioning 
appropriately. 

Atlas provided details of the design of the transition area discussed in the 
comment. Revised detailed drawings were submitted by Atlas. 

4.1.4 Revisions to the TER 

Revisions have been made to the TER to reflect that the design of the apron 
meets criteria developed by the U. S. Army Corps of Engineers (COE); the COE 
reference was added. 

4.2 Moab Wash Erosion Protection Design 

4.2.1 Commenters 

Richard L. Christie (23-3) 
U.S. Department of the Interior (56-5, 56-6, 56-7, 56-9, 56-14) 

4.2.2 Summary of Issues 

The commenters questioned the Qesign of the erosion protection to be provided 
for Moab Wash, immediately adjacent to the reclaimed embankment. 

Christie requested clarification of the use of average scour depths for . · 
determining the depth of placement of the rock toe. 

The Department of the Interior questioned if sediment loads and sedimentation 
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had been considered in the design of the Moab Wash erosio~ protection. The 
commenter was very concerned about debris flows and debris flow hazards in 
those areas where likely deposits would occur in the Moab Wash Channel. The 
commenter also suggested that floods smaller than the PMF should be addressed 
in the design. The commenter a 1 so requested that water surface ·profi 1 e data 
for Moab Wash should be included in the TER. The commenter suggested than 
both subcritical and supercritical profiles be modelled and the data included 
in the TER. The commenter also indicated that complete avulsion of the Moab 
Wash channel was a possibility because of the potential of 100-200% blockage 
of the channel. 

4.2.3 Staff Analysis of Comments 

The staff agrees that the use of "average" depths of scour is confusing. The. 
intent of the statement was to indicate that Atlas had used several methods to 
predict the depth of scour and that the depth of scour used in the design was 
based on the use of several methods. 

As discussed in the TER, the design of the erosion protection for Moab Wash is 
based on several factor.s. All of these design considerations were carefully 
evaluated, and a conservative overall design was found acceptable by the staff 
for the final configuration of the erosion protection. 

The area of Moab Wash adjacent to the tailings pile consists of alluvial 
material deposited over many years. This area· is subject to changes during 
the occurrence of a flood. The staff recognized the problems associated with 
this area and requested Atlas to provide a design to accommodate potential 
channel avulsion, erosion, debris flows, deposition, and/or other phenomena. 

The staff and Atlas recognized the difficulties associated with quantifying 
the amount of sedimentation or predicting the exact position of the Moab Wash. 
channel during a major flood. To assure that the reclaimed pile would not be 
affected, the licensee assumed that debris/sediment deposition would occur 
near the pile and that erosion/avulsion of the channel would occur during the 
PMF. Atlas further assumed that the worst erosion conditions would exist 
immediately adjacent to the toe of the pile. 

The design for protection of the pile includes a large riprap toe constructed 
to a depth of 7-8 feet; The toe will not be undermined by erosion during an 
occurrence· of the PMF and is designed for both· supercritical (worst case) and 
subcritical flows. Smaller floods ·would have ~esser flow velocities and were 
not considered in the design. Flow profiles and velocity data may be found in 
the reclamation plan submitted by Atlas. 

4.2.4 Revisions to the TER 

Reference to average scour depths was removed from the TER. 

No other significant revisions were made to the TER regarding the design of 
the Moab Wash erosion protection. 
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In the Matter of 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

ATOMIC SAFETY AND LICENSING BOARD PANEL 

Before Administrative Judges: 
Peter B. Bloch, Presiding Officer 

Thomas D. Murphy,.Special Assistant 

Docket No. 40-3453-MLA-2 

ATLAS CORPORATION 
(Moab, Utah) 

) 
) 
) 
) 
) 
) 

Re: Tailings Pile Integrity 

ASLBP No. 98-747-02-MLA 

AFFIDAVIT OF RICHARD E. BLUBAUGH 

Richard E. Blubaugh, being duly sworn, states: 

1. My name is Richard E. Blubaugh. I am of sound mind and body and am competent to 

make this declaration. The factual statements herein are true and correct to the best of my 

lmowledge, and the opinions expressed herein are based on my best professional judgment and 

experience. 

2. The purpose of this declaration is to respond to State of Utah's Request for Hearing and 

Petition for Leave to Intervene dated July 13, 1998. 

STATEMENT OF QUALIFICATIONS 

3. I am the Vice President for Environmental and Governmental Affairs at Atlas Corpora-

tion ("Atlas" or the "Company"). I have served in that capacity for nine years. Previously, I was 



responsible for overseeing licensing and regulatory affairs at Atlas facilities including the mill at 

Moab, Utah. I have been employed by Atlas for a total of seventeen years. 

4. My academic training includes a B.S. from the University of New Mexico; and an M.A. 

in Public Administration with an emphasis on environmental and public health from the Univer

sity of New Mexico. 

RESPONSE TO ISSUES RAISED IN THE MOTION FOR HEARING 

5. In 1962, Atlas purchased the uranium mill located at Moab, Utah from Uranium Reduc-

tion Corporation. From 1962 until 1984, Atlas operated the mill to process uranium ore. The 

mill was put on standby in March 1984 in response to the depressed uranium market. In 1988, 

due to a severe drop in the price of yellowcake and the bleak forecast for the domestic uranium 

market, Atlas shut down the mill. 

6. Atlas first proposed on-site reclamation of the Moab Facility in connection with the re-

newal of its operating license in 1979. NRC approved the proposal in its Environmental Impact 

Statement ("EIS") also issued in 1979. 

7. In 1981, Atlas submitted a more detailed reclamation plan that reconfirmed the Com-

pany's intent to cap the tailings pile in its existing location. The NRC, through its License 

Amendment No. 7, dated June 30, 1982, approved the reclamation plan. 

2 



8. In May 1984, Atlas submitted an application for renewal of its Source Material License. 

This application included the previously submitted and approved reclamation plan for on-site 

capping. NRC renewed the license in 1988. 

9. In 1988, NRC requested Atlas to provide certain technical information relating to: (i) rock 

layers (rip rap) on the pile outslopes assuming flow from a probable maximum flood; (ii) design 

for rip rap placement based on rock durability; and (iii) an analysis of flatter slopes. Atlas con

tracted with Canonie Environmental to perform this technical work and submitted a revised rec

lamation plan in August 1988. 

10. After the issuance of a revised technical criteria for designing erosion protection covers in 

August 1990 -- Staff Technical Position: Design of Erosion Protection Covers for Stabilization of 

Uranium Mill Tailings Sites -- NRC requested Atlas to resubmit its reclamation plan. Atlas re

vised and resubmitted the reclamation plan in June 1992. 

11. In an effort to cooperate with the State of Utah, I met with Dr. Dianne Nielson, Director, 

Utah Department of Environmental Quality, on March 4, 1993 to explain the proposed reclama

tion plan. On July 1, 1993, Atlas staff provided Dr. Nielson with a tour of the Moab site and of

fered additional explanation of the reclamation plan. 

12. In July 1993, NRC issued a Finding of No Significant Impact ("FONSI") and a Notice of 

Intent ("NOI") to amend Atlas' license and approve the proposed reclamation plan. 

13. Later in 1993, NRC rescinded its FONSI and NOI in response to several factors including 

new information about the seismicity of the area near the tailings pile and considerable time that 

3 



had elapsed since the issuance of previous Final Environmental Statement ("FES ") in 1973. In 

March 1994, NRC announced its intent to undertake a full blown EIS in reviewing Atlas' pro

posed reclamation plan. 

14. At the time NRC announced its intent to issue an EIS for the proposed reclamation pro-

ject, Atlas informed the Commission that time was of the essence in completing the EIS process 

and that Atlas was concerned about a loss of business opportunity due to the continuing uncer

tainty about the magnitude of liability associated with the Moab site. NRC then indicated its in

tent to prepare the EIS on a "fast track" basis so that the final EIS would be available in 

approximately 12 months. Atlas was also advised that existing data would be used to complete 

the EIS to the maximum extent possible so as to minimize costs to the Company. 

15. A public scoping meeting for the EIS was held in Moab in April 1994. Public comments 

that were submitted at that meeting focused on groundwater and surface water issues. The State 

of Utah also submitted comments but did not raise any specific concern related to the potential 

migration of the Colorado River or design components that should be included to protect against 

such a possibility. 

16. On December 1, 1994, Atlas hosted a meeting and tour of the Moab site for the members 

of the Utah Radiation Control Board. The reclamation plan and related issues were discussed at 

this time in considerable detail. 

17. In 1994, Mussetter Engineering, Inc., a consultant hired by Atlas, completed an updated 

and more detailed geomorphological study dealing with the potential for the Colorado River to 

4 



migrate toward the Atlas tailings pile. Mussetter concluded that there was little likelihood of 

such a migration. 

18. In July 1995, Atlas submitted its Draft Reclamation Plan to NRC. The rock apron design 

was included in the plan. A copy of the plan was provided to William J. Sinclair, Director of 

Utah Division of Radiation Control and Executive Secretary of Utah Radiation Control Board. 

19. In January 1996, NRC issued the Draft Environmental Impact Statement and the Draft 

Technical Evaluation Report for the proposed reclamation plan. Both documents addressed the 

proposed rock apron in detail. 

20. It has been nearly four and a half years since NRC initiated its "fast track" EIS for the 

Moab site and almost ten years since Atlas submitted its modified reclamation plan. 

21. As early as 1994 when Atlas sought and received NRC' s assurance that the EIS process 

would be completed as soon as practicable, there were serious concerns about the potential im

pact of any prolonged review of the proposed reclamation plan on the financial condition of the 

Company. That year, Atlas's attempt to merge with another mining company failed precisely due 

to the uncertainty surrounding the Company's liability for the Moab site (estimates of which 

ranged from $15 million to more than $100 million). This uncertainty and the politicization of 

the reclamation plan review was sufficient to kill the planned merger. Other potential business 

opportunities have been similarly affected. In addition, the costs ofresponding to NRC's re

quests for information have been significant. 

5 
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22. Atlas has incurred approximately $4 million in costs for the EIS effort alone. However, 

that is not the total cost involved in this matter. For every year that the process is prolonged, 

Atlas is required to maintain the license, pay taxes, insurance, surety fees, etc. With overhead in

cluded, these costs average approximately $500,000 each year. To date, total costs associated 

with this licensing action are approximately $6 million. This does not include the cost of lost 

business opportunities which are practically immeasurable. 

23. Due to the potential contingent liabilities associated with the Moab Facility and years of 

delay in finalizing the EIS, the financial condition of the Company has deteriorated steadily and, 

as a result, the Company is currently in severe jeopardy. From March 1994 to August 1997 

when Atlas lost its listing on the New York Stock Exchange, the value of Atlas' stock had tum

bled from a high often dollars ($10) per share to less then one dollar ($1). Currently, the stock is 

trading for less than twenty cents per share. 

24. Atlas cannot, and should not have to shoulder the added burden of yet more delay and 

more unnecessary cost associated with this very lengthy and costly license amendment process. 

This action by the State of Utah is unduly prejudicial and threatens the very existence of the 

Company. 

25. The State of Utah has had numerous opportunities to intervene in the pending licensing 

action. As an Agreement state for other radiation licensing functions, Utah is in a position to 

clearly understand the NRC administrative rules. There should be no excuse for the untimely re

quest filed by the State of Utah. 

6 



AFFIDAVIT OF RICHARD E. BLUBAUGH 

STATE OF COLORADO ) 
)ss. 

COUNTY OF DENVER ) 

I, Richard E. Blubaugh, Vice President, Environmental and Governmental Affairs of Atlas 
Corporation, being first duly sworn upon my oath, deposes and say that the information presented 
herein regarding the State of Utah Request For Hearing and Petition for Leave to Intervene dated 
July 13, 1998, is correct and accurate to the best of my knowledge. 

Dated this 10th day of August, 1998. 

~~,-
Richard E. Blubaugh 
Vice President 
Environmental and Governmental Affairs 

Subscribed and sworn to before me this 10th day of August, 1998. 

My Commission Expires: 

~~d{J 
HOLLY D. NEEL 

NOT~RY PUBLIC, STATE OF COLORADO 
~;;;;:;;;;;;;;;;;;;;;;;;;;r;;;;:;;;;;:;;;:;o;;;;;;;;;;;J~ 
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. UN1TED STATU 

NUCLEAR REGULATORY COMMISSION 

Docket No. 40-3453 

Hr. Richard Bl4baugh 

REGION IV 

URANIUM RECOVERY FIEl.D OFFICE 
llOX Zlmll 

DENVER. COLORADO 11128 

NOV 2 9 i993 

Vice President of Environmental 
and Government Affairs 

Atlas Corporation 
370 Seventeenth Street, Suite 3150 
Denver, Colorado 80202 

Dear Mr. Blubaugh: 

The Nuclear Regulatory Commission staff, in reviewing your reclamation plan. 
for the Moab, Utah, uranium mill site, has identified several areas in which 
additional information is required. The information which is required for the 
review is detailed on Enclosures 1 and 2. 

Although all of the requested information is important to our review, 
Enclosure 1 contains two requests for information which will determine whether 
the site can meet Appendix A Technical Criteria of 10 CFR Part 40 for 
stabilization of the mill tail~ngs in place. The first request is in the area 
of assessment of the capability of the Moab and associated faults which 
apparently run under the disposal site, the resulting seismic considerations 
related to that situation~ the additional seismic evaluations required because 
of the site's location within the Paradox Basin, and the potential for 
movement related to solution of the underlying salt beds. As you are aware, 
the State of Utah Geologic Survey is currently preparing geologic and geologic 
hazards maps that inc)ude the Moab area, and our concerns are largely based on 
unpublished infonna-tion and d.iscussions with them. Hr. M. lee Allison ts the 
Director of the Utah Geologic Survey, and he inay be contacted at 
(801) 467-7970. His address is 2363 S. Foothills Drive, Salt Lake City, Utah 
84109-1491. The second request concerns the potential for Colorado River 
migration toward and into the pile. Successful resolution of these issues ts 
essential to our determination that the tailings can be reclaimed in place. 

Your responses to Enclosures 1 and 2 should be provided for our review within 
. 60 days of your receipt of this letter. The staff expects that additional 
questions may be forthcoming as our review progresses. 

. .. 
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Atlas Corporation -2- · o 21 1993 

If you have any questions concerning this request for information, please call 
me at (303) 231-5800. . · 

Enclosures: 
As stated 

cc: 
W. Sinclair, RCPDD UT 

119· • 

Sincerely. 

~~ 
Director 

. -
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ENCLOSURE 1 

REQUEST FOR INFORMATION - FAULTING, SEISMIC AND GEOMORPHIC CONSIDERATIONS 

A. POTENTIAL FAULTING AND SEISMIC CONSIDERATIONS 

New geologic information brought to our attention requires a 
reassessment of the stability of the s.ite. Please analyze the 
structural stability and liquefaction potential of the disposal area 
using current state-of-the-practice methodology by providing responses 
to the following: · 

1. There is evidence that a fault runs under the disposal site. Evaluate 
the extent of faulting under the disposal site and detenatne if there is 
capability for surface rupture. 

2. Evaluate the seismic potential for· faults adjacent to the site, 
including the potential for fault movement due to salt dissolution and· 
changes due to the development of oil resources. 

3. Include in your analyses the earthquake loading considering the more 
recent information on Maximum Credible Earthquakes for the Colorado 
Plateau, which appears to require a value larger than you have used in 
the past. Consider in your reevaluation the information on geologic and 
geologic hazards for the Moab area that the State of Utah ts currently 
preparing. 

Please submit for our review and approval the analyses discussed above. 
If these analyses requi11e revisions to your currently proposed design, 
please submit the revisions for our review and approval. 

B. GEOMORPHIC STABILITY 

1. From the available data and our observations, there appears to be no . 
basis to conclude that the Colorado River cannot erode in the direction 
of the·tailings pile. There ts also insufficient information currently 
available· to us to determine the rate of erosion. We therefore conclude 
that this erosion could adversely affect the stability of the tailings 
pile during the project design _life. 

Accordingly, provide information to show that the Colorado River will 
not erode and migrate to the tailings embankment, or substantiate that 
your proposed design .has considered and accounted for the potential for 
long-term bank erosion and changes t" the rtver•s positton tn the 
valley. Include consideration of both structural stability and erosion 
protection. 

If you cannot substantiate that the river wt11 not migrate toward the· 
tailings or that your design acconmodated this condition, provide a 
revised design for our review and approval that considers a complete 
range of river conditions and positions that could be eX'per1enced in the 
project design life. 

.... 
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Include in your. substantiation or redesign .the estimated location, 
depth, and dimensions of the channel and any revi$ed designs and 
analyses of the riprap to.be·placed along the sides and toe of the pile. 
Also consider potential future.channel locations, estimated depth of the 
channel, depth of scour, Probable Maximum Flood (PMF) water surface 
elevation, and other factors·which enter into the erosion protection 
design. Since a new channel could poss~bly occur tn a number of 
locations along the face of the pHe~ address in detail the areal extent 
~f the erosion protection for the pile s1~e slopes and toes. Include 
1nformation to demonstrate that erosion protection ts adequate to the 
scour depth that could be expected for the conditions described above • 

.. • 

2 
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...... ~~ November 4, 1994 . . . . ........... ' 
·,··· - Mr. Richard Blubaugh, Vice President 

Environmental and Government Affairs 
Atlas Corporation 
370 Seventeenth Street, Suite 3150 
Denver, Colorado 80202 

SUBJECl: REQUEST-FOR INFORMATION FOR THE REVISED RECLAMATION PLAN REVIEW 

Dear ·Mr. Blubaugh: 

On November 29, 1993, the U.S. Nuclear Regulatory Conmission wrote you 
requesting information on radon attenuation, the assessment of the capability 
of the Moab and associated faults, the resulting seismic considerations 
related to that situation, the additional seismic considerations based on the 
site's location within the Paradox B•~in, the potential for subsidence related 
to solution of the underlying salt beds, and the potential for Colorado River 
migration toward and into the pile. 

NRC staff has reviewed the information provided by your letters dated 
January 28, 1994 and June 1, 1994, and has found the responses insufficient t~ 
make the assessment of site stability required by Appendix A to 
10 CFR Part 40. In addition, new site-area information which bears on the 
questions has been acquired from the Utah Geological Survey (copy enclosed). 

The enclosed comments address the information which NRC staff has not received 
from Atlas in the detail needed to support the assessment. Please submit 
responses to these questions within 60 days, or in the event that is not 
feasible, tell us within 10 days when such responses can be made. 

Any questions should be addressed to NRC's Project Manager, Allan Mullins, at 
(301) 415-6693. 

Enclosures: 1. Geomorphic 

Sincerely, 

Joseph J. Holonich, Chief 
High-Level Waste and 

Uranium Recovery Projects Branch 
Division of Waste Management 
Office of Nuclear Material Safety 

and Safeguards 

2. Surface H20 Hydrology/ 
Erosion Protection 

3. Seismic 
4. Radon Attenuation 
5. Geology 
6. Utah Geological Survey 

cc: See attached list 
. ------- --·---- ._ .. --

·-
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.CC fj st fOr Letter Dated; 11 / 4 / 94 

Mr. Robert M. Baker, Regional 
Director 
Rocky Mountain Region 
National Park-Service 
U.S. Department of the Interior 
12795 Alameda Parkway 
P.O. Box 25287 
Denver, Colorado 80225-0287 

Dale Edwards 
Radiation Protection Coordinator 
Atlas Corporation 
P.O. Box 1207 
Moab, Utah 84532 

Peter Haney 
Grand County Council 
125 East Center 
Moab, Utah 84533 

Kenneth J. Havran 
Environmental Review Officer 
1849 C Street NW 
Mail Stop 2340 
Washington, DC 20240 

Bill Hedden 
Grand County Council 
125 East Center 
Moab, Utah 84533 

Dan Kimball, Chief 
Water Resources Division 
National Park Service • 
U.S. Department of Interior 
1201 Oakridge Drive, Suite 250 
Fort Collins, Colorado 80525 

Roger L. Kroodsma 
Oak Ridge National Laboratory 
Bldg. 1505, Mail Stop 6038 
P.O. Box 2008 
Oak Ridge, Tennessee 37831 

William Lamb 
Associate State Director 
Bureau of Land Management 
324 South State Street 
Salt Lake City, Utah 84111-2303 

Milton K. Lammering 
U.S. Environmental Protection Agency 
Region VIII 
999 18th Street, .Suite 500 
Denver, Colorado 80202-2405 

Marcil Moore 
W0760 
Bureau of Land Management 
1849 C Street, NW 
Washington, DC 20240 

Noel Poe, Superintendent 
Arches National Park 
National Park Service 
P.O. Box 907 . 
Moab, Utah 84532 . 

William J. Sinclair, Director 
Division of Radiation Control 
Departmenty of Environmental Quality 
168 North 1950 West 
P.O. Box 144850 
Salt lake City, Ut 84114-4850 
(801) 536-4250 

Ms. Lillian K. Stone, Chief 
Energy Faci11 ·~ ies Division 
Office of Environmental Policy and 
Compliance 
U.S. Department of the Interio.r 
1849 C Street, NW 
Mail Stop 2340 
Washington, DC 20240 

Christine Turk, Chief 
Branch of Compliance 
National Park Service 
12795 W. Alameda Parkway 
P.O. Box 25287 
Denver, Colorado 80225 

Wes Wilson 
U.S. Environmental Protection Agency 
Region VIII 
999·1sth Street, Suite 500 
Denver, Colorado 80202-2405 

Dr. Lee Allison 
State Geologist and Director 
Utah Geological Survey 
2363 South Foothill Drive 
Salt Lake City, UT 84109.-1491 



ATLAS URANIUM MILL 
MOAB, UTAH 

GEOMORPHIC QUESTIONS AND COMMENTS 

The following questions and comments are based on staff review of •Geomorphic, 
Hydraulic, and Lateral Migration Characteristics of the Colorado River Moab, 
Utah," dated May, 1994. This report was submitted by Atlas in response to NRC 
staff questions regarding the potential for the Colorado River to migrate 
toward the taili~gs pile. 

Staff review of the information provided in the report indicates that the 
important erosion or depositional processes that are ongoing at the site have 
not been adequately quantified. The report provides some observations that 
are pertinent to the stability of the Colorado River, but does not provide a 
definitive technical basis for concluding that the pile will not be affected 
for 1000 years to the extent reasonably achievable, and, in any case, for at 
least 200 years. The staff concludes that a significant amount of additional 
information and analyses will need to be provided in the following areas to 
substantiate that lateral migration of the river will not affect the stability 
of the pile: 

(1) Previous locations of the river channel across the valley floor and the 
potential for future movement or meandering; 

(2) Resistance to erosion and migration provided by the properties of the 
channel bank and floodplain; 

(3) Rates of lateral erosion, migration, or aggradation; 

(4) Effects of other process•s, such as sloughing and slumping, which could 
lead to channel migration; 

(5) Dating of alluvial deposits in the area to establish evidence of 
stability; and 

(6) Effects of salt dissolution and/or subsidence on the location of the 
river channel. 

Further discussion of additional information and analyses needed in these 
areas are provided in Comments 1-6, below. 

It is also important to note that other options may be available, if channel 
stability c~nnot be demonstrated. For excmple, the riprap on the side slopes 
and toe of the pile could be designed to resist the Colorado River channel 
velocities which would be assumed to occur in the immediate vicinity of the 
tailings pile. If Atlas chooses this option to design the side slope and toe 
for river migration, ~dditional information and analyses will need to be 
provided to substantiate the design of the addition~l erosion protection. 

' 1. Potential for Channel Migration and Meandering 

The report indicates that bedrock inlet and outlet conditions fn the Spanish 

Enclosure l 
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Valley will restrain the movement of the river channel, such that the ability 
of the river to develop a sinuous platform is constrained. However, based on 
observations -and map study of the area, it appears that the river channel has 
moved and has occupied different locations across the valley at various times. 
Even though there_may be constraints for meandering, it appears possible that 
the river could simply migrate toward the tailings pile on this outside bend 
in the river. 

Additional information and analyses should be provided to substantiate the 
claim for channel stability. Atlas should provide further detailed 
discussions of why the river has a low potential for meandering given the 
bedrock constraints, why the distance between bedrock constraints through this 
reach of the river is insufficient to develop meanders, why the channel bank 
will not erode toward the pile, and why previous locations of the river 
channel are not important with respect to assessing the stability of the river 
for 1000 years to the extent reasonably achievable, and, in any case, for at 
least 200 years. 

2. Resistance of Channel Banks to Erosion 

The report indicates that the sediment transported by Moab Wash and Courthouse 
Wash includes some very coarse material that is buried beneath the site and is 
evident in the toe of the river bank adjacent tc the tailings piie. At the 
present time, quantitative evidence of the presence and extent of the material 
has not been provided. Therefore, it is not clear exactly where this material 
is located or exactly how coarse the material is. The staff notes that the 
excavated banks of the current relocated Moab Wash channel (excavated several 
years ago) contains very little evidence of coarse material. Further, 
evidence cf the size and gradation of the material, such as gradation curves 
of the riverbank deposits, have not been provided to illustrate the coarseness 
of the material. 

In addition, the staff has rec~ntly reviewed a photograph taken in 1985 which 
shows a dirt road along the bank of the river near the pile. Based on NRC 
staff site visits to this area in 1994, the bank of the river has apparently 
been eroded, and this old roadbed is now exposed in the cut bank of the river. 
The amount of erosion is difficult to de~ermine, but it appears that several 
feet of the riverbank has been eroded since 1985. 

Atlas should provide additional information and maps which characterize the 
location and areal extent of the coarse material in the riverbank area. Using 
estimates of the size of the material, Atlas should determine its ability to 
resist .erosion by comparing, for example, the shear stresses produced along 
the outside bend of the riverbank with the shear stresses that the material is 
able to resist. (The staff notes that es·.imates of the maximum bank shear 
stress were calculated in Section 5.2.2 01 the report.) Atlas should also 
provide estimates of the allowable shear stress for the riverbank material, 
based on its physical properties of size, cohesion, and density. Such 
analyses may also be pertinent for other areas along the riverbank, even where 
there are no deposits of coarse material. In such locations, the allowable 
shear stress associated with cohesion, type and site of deposits, vegetation, 
etc. may also be sufficient to withstand expected shear stresses produced by 
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river flows. In addition, to document the erosion rate along the road near 
the riverban~ Atlas should make some direct observations in this area and 
determine (by photographic comparison, for example) the amount of erosion 
which has taken place since the road was constructed. Atlas should provide 
additional information and analyses to justify that the erosion will not 
continue to occur or w;ll not significantly affect the tailings pile. In 
addition, see Question 3, below. 

3. Quantification of Erosi~n or Aggradation Rates 

The report indicates that the net effect of sediment production from Moab Wash 
and Courthouse Wash is to laterally and vertically aggrade.the right bank of 
the river near the tailings pile. The staff considers that this argument is 
logical; however, evidence of net aggradation has not been provided to 
substantiate this claim. In general, the report only discusses the field 
evidence and historic evidence that was used to substantiate stability of the 
river channel. 

Atlas should provide quantitative information to substantiate that vertical 
and lateral aggradation has occurred. Such information should include, for 
example, photographs and maps which are compared over specific time intervals. 
Any photographs which were studied and provide bases for Atlas' conclusions 
should be provided for staff review. Any information that forms a basis for 
Atlas' conclusions of channel stability should also be provided. Further, 
since it is possible that erosion is occurring at several locations along the 
stream bank, rates of erosion at various locations should also be quantified. 

4. Effects of Processes Other Than Stream Erosion 

Based on site visits by the staff, the riverbank area directly fronting the 
tailings pile (between cross ~ections 4 and 6) appears to exhibit evidence of 
erosion and slumping. Based op the configuration of the bank, it appears to 
be reaching a more stable slope, through a series of erosion/sloughing cycles. 
It appears that the dominant process affecting the erosion rate of the bank 
may be sloughing, with subsequent erosion of the material. 

Atlas should provide additional information to explain the erosion of the 
river bank fronting the tailings pile. Atlas should document the rates of 
erosion and should provide bases for a conclusion that the erosional processes 
that are active in this location will pose no unacceptable threat to the 
stability of the pile. 

5. Establishing Quantitative Proof of Bank Stability 

Based on the presence of several hundrPd feet of floodplain deposits which 
separate the tailings pile from the river, it appears that a strong case could 
be made for river channel stability if the floodplain deposits could be 
approximately dated. Dating the time of deposit of the alluvial material 
would indicate with some degree of certainty that no erosion of t~e floodplain 
has occurred within that time period. There are numerous methods available to 
date alluvial deposits; one of the least expensive and most convnon techniques 
is radiocarbon dating of deposited organic material. Another simple dating 
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method could possibly be the dating of Indian artifacts, such as pottery 
shards, which-may have been present for a long period of time in the 
floodplain alluvium. More complicated methods are also available to date 
buried sediments._ · 

Atlas should consider the possibility of dating organic material in the 
alluvial deposits. Such dating may help to establish with some confidence 
that the river channel is stable or will not unacceptably affect the tailings 
pile due to erosion. · 

6. Effects of Salt Dissolution and Subsidence 

Based on a review of the geology of the area, it appears that salt dissolution 
and subsidence are active ongoing processes in the area, particularly in the 
site area at the northern end of the Moab-Spanish Valley. In •Quaternary 
Deposits in the Paradox Basin,• Biggar, and others, indicate that Holocene 
subsidence may be indicated· by the marshes present along the river and that 
the subsidence could be caused either by tectonism or by dissolution or 
migration of salt at depth. In "Quaternary Deposits and Soils in and Around 
Spanish Valley, Utah," Harden, and others, also indicate that ongoing 
subsidence at the lower end of Spanish Valiey may be inJicated by marshes 
present along the river. At the present time, it is not clear if these 
processes will have any effects on the location of the river channel. For 
example, if subsidence similar to that which may have occurred in the Moab 
Marsh area occurred north of the river, the channel could shift to accommodate 
the lowering of ground surface. 

Atlas should provide additional information and discussion to document that 
shifting of the river channel, caused by local subsidence, will not occur to 
the extent that the pile could be unacceptably affected • 

. .. 
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ATLAS URANIUM MILL 
SURFACE WATER HYDROLOGY/EROSION PROTECTION 

QUESTIONS AND COMMENTS 

1. Design of Too Slope Riorap and Rock-Sojl Hatrjx 

The rock-soil matrix proposed for the top slopes is not considered by the 
staff to be acceptably designed. The staff notes that two inches of topsoil 
will be placed above the top surface of the rock. Furthermore, the staff 
notes that the actual thickness of the rock layer will be only 3 inches. In 
addition to the difficulties in constructing such a 3-inch rock layer 
thickness, the staff concludes that a rock-soil matrix presents several design 
problems that should be considered. 

First, if soil is placed above the rock layer, gullying and flow 
concentrations in this upper layer of soil can be expected to occur, producing 
shear forces that the underlying rock may not be able to withstdnd. Because 
the shear force produced is largely a fLncti6n of the slope and the depth, the 
increased depth will increase the shear forces. Even if flow concentrations 
are not assumed, the proposed rock size is not likely to be adequate to 
prevent erosion of the underlying radon barrier. 

Second, the rock layer thickness should be at least 3 times the 050 size of 
the rock, in accordance with the recommendations of NRC technical assistance 
contractors. Therefore~ the layer thickness should be at least 4 inches, if 
the 050 is 1.3 inches. 

Third, because the upper 2-inch layer of soil is placed on a slope designed 
for rock, it is likely that the soil will be eroded and sedimentation will 
occur in the drainage channels . 

• • 
Fourth, the placement of such a rock-soil matrix requires a thorough and 
complete QA/QC pro9ram to assure that the rock placement is adequate and that 
the soil is properly compacted into the rock layer. A detailed program for 
such compaction and placement has not been proposed by the licensee. 

The staff concludes that the design of the rock-soil matrix should be modified 
to eliminate the soil portion and to increase the rock layer thickness to at -
least 4 inches. Alternately, the licensee should provide additional 
justification that the proposed riprap design is adequate to resolve the staff 
concerns discussed above. 

2. AR."on/Toe Design 

The design of the rock for the apron/toe area is not considered to·be 
acceptable. The rock size proposed for the toe is similar to the rock size 
for the side slopes. In general, the toe area will act as an energy 
dissipation area, producing turbulence and forces that need to be accounted 
for with an increased rock size. As the soil is er-oded, erosion pockets and 
gullies will form, resulting in turbulence as the flow energy is dissipated. 

Enclosure 2 
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To resolve stiff concerns, Atlas should design the lower portion of the toe to 
withstand turbulence which would be expected to occur during the design storm. 
U. S. Army Corps nf Engineers design procedures typically include an 
approximate 50 percent increase in the shear force produced in areas where 
turbulence is expected (non-uniform flow factor}. If such an increase were 
applied, the resulting 050 rock size would increase from approximately 4 
inches to approximately 6 inches. Such an increase would produce a design 
that would be acceptable to the staff. Alternately, Atlas should further 
justify that the.design of the toe is adequate. · 

It. should be noted that there may be a potential for the Colorado River to 
migrate toward the tailings pile. As discussed in staff geomorphic comments, 
the design of the toe may need to be revised to accommodate the erosive forces 
produced if the river channel 1s assumed to be located directly against _the 
slope of the tailings pile • 

If Atlas is not able to demonstrate stability of the river channel, the toe 
design should be revised •. If such a redesign is performed, several factors 
should be taken into account. The design of the apron/toe should be based on 
the following general concepts: (1) provide riprap of adequate size to be 
stable against overland flows produced by the design storm (PMP}, with 
allowances for turbulence along the downstream portion of the toe; (2) provide 
uniform and/or gentle grades along the apron and the adjacent ground surface~ 
such that runoff is distributed uniformly onto natural ground at a relatively 
low velocity, minimizing the potential for flow concentration and erosion; (3) 
provide riprap of adequate size to withstand expected river channel· 
velocities, assuming that the channel has eroded and is located in the 
immediate area of the toe; (4) provide riprap to resist the highest velocities 
and shear forces expected in the river channel (such velocities and shear 
forces may not occur during tht PMF, but may occur at lesser river flows where 
the backwater effects of the Portal area are not present); and (5) provide an 
adequate apron length and quantity of rock which allows the rock to collapse 
into a stable configuration in the eroded river channel. 

Atlas should revise the toe design, .as applicable. Alternately, Atlas should 
provide additional justification to document the adequacy of the current 
design. 

3. Design of Channel Outlet Protection 

The rock riprap for the outlets of the drainage channels appears to be 
somewhat undersized. Based on review of calculations provided in the January 
1994 submitta1, the size of the riprap tote placed at the outlets of the 
Southwest Drainage Channel and the Lower I1i.poundment Drainage Channel was 
determined using the bottom slopes of the channels in the vicinity of the 
outlet. Use of this slope is not appropriate, because scour will occur to the 
overlying soil during a flood, and flows will discharge down the steeper slope 
of the buried cutoff wall. Therefore, the slope of the cutoff wall should be 
used to determine the rock size. The staff notes that the proposed slope of 
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the cutoff wall is approximately 1.2 vertical (V) to 1 horizontal (H), 
according to Sheet 6 of the design drawings dated May 18, 1994. (The staff 
notes that the slope may be incorrectly designated, because the drawing also 
indicates that the slope will be flatter than the angle of repose of the 
rock.) The riprap sizes proposed are not likely to be capable of providing 
adequate erosion protection for flows down very steep apron slopes, since the 
rock was designed for the flatter channel slopes. 

To resolve staff concerns, several design changes could be made. The slope of 
the cutoff wall could be flattened (for example, to 1-V on 5-H), the channel 
and apron width could be increased, or a combination of the two could be 
developed. Using the Stephenson Method, the riprap size can be determined 
(based on the flow rate per unit width) for slopes steeper than 1-V on 10-H. 

Atlas should redesign the riprap for the cutoff walls at the drainage channel 
outlets. Alternately, additional justification should be provided for the 
designs proposed. 

4. Design of Riprap for Southwest Drainage Channel 

The design of the riprap for the side slope of the tailings pile in the 
Southwest Runoff Drainage Channel (SWRDC) is not considered to be adequate. 
The design does not appropriately account for localized buildup of rock and 
sediment which would be expected to occur in the channel. Atlas' assumption' 
that the buildup will occur at a uniform depth of 1.8 feet along the length of 
the channel is not consistent with actual observations in this area. Based on 
staff observations, it appears that the rock ~nd· sediment buildups could occur 
in one specific area, rather than being uniformly deposited in the channel. 

To resolve staff concerns, Atlas should revise the design of the riprap for 
the tailings side slopes in th( SWRDC area, assuming that the channel is 
approximately 50 percent blocked by deposited material at various random 
locations alcng the length of the channel. For example, if the channel has a 
bottom width of 50 feet, a 25-foot-wide obstruction (of unlimited height for 
computational purposes) should be assumed in the channel. Flow profiles 
should then be computed through the constricted channel. Riprap of adequate 
size should be provided to resist the increased velocities, and this riprap 
should be extended up the pile side slope to the increased computed elevation 
of flooding. 

Reference: 

"Desigr of Erosion Protection Covers for Stabilization of Uranium Mill 
Tailings Disposal Sites," Final Staff Technical Position, August 1990. 



I. 
' 

• I 0 .. ~ c .• 1? ~ 4 0 0 I : 0 r i: 01: "''T ~cc I. r>e: 1 .:: A I. : u r \• c '•' T 0 

.. :'..i.·· - ,~'jf-/" .-: 
I"''~ I 

• 

:A··· ··{iv: 
,~;, (···-~·~ State of Utah 

. ·. ...~ DEPAM'MENT OFNATURAt usotmers 
';, UTAH GltOLOGlCAL St.~ 

Mi.a.•1 (I. L•..nt& 
C:..C.cr 

Ted St.c.-e11. 
e:a 9(\1 ~,. W'C\Gr 

Ii. Lie Alt.ea 
llW.~ 

Hes Soull'I F~I Dr . .._ 
Cell ..... 011\',U-••100 1401 

IOl-'l'.'·7'70 
IOt4li-4010 IFu) 

Jn~cph I. Holonich, Chief 
U.S. Nuclear Regulatory Commission 
DWM/NMSS 
Washinaton. D.C. 20555-0001 

Dt'iU MJ. Hulu11ich: 

2. . . !. .. ii ii Lb! 
Ocu>bet27, 1994 

.:. a .EE 

We b.avc e-0mpleted our re.spooses to the qutstions triQS!Illtted in y1Jur letter of October 
7, 1994, resarding th~ Atlas Corporation mill site m Moab, t.:'tsh. Our respomesi md a copy of 
your questions are enclosed. As you ialow, we have previously disClJssed our information \\;th 
various !\RC personnel, Atlas Corporation L'1d their consu.!tants, and OllQC Co\.~ty offlclals. 

To understand our rcspomes, please refer to the attached geologic naaps and the USGS 
Moci.b 1.24,000 tor:-ogr:iphic m;ip. The :1uthors of the responGeG are Michael L. Ross imd Hellmut 
H. Doe:ling of the Geologic Mapping Program and Gary E. Christenson of the Applied GetJlogy 
Program. Mr. Ross ~d Dr. Doelling arc presently working en geologic :naps in the area and 
both have extensive field experience thro\lihOut southern Grand County. Mr. Christemon 
supervised work by William E. Mul\·ey or. the QuatemLry geol08)' and geologic iJa.wds in the 
Muau a.nJ Castle Valley are&, but has not worked ctemively ill the field in lhe au:&. Tl1c 
responses to question D were rC\·iewed by Craig Morglll <'f~c Economic Oeolo~· Program. If 
you have any questions, pleue call. 

Sinccray, 

M. Lee AlliaoD. Direaor · 

MLAJsw 
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ATLAS CORPORATION MILL SITB, MOAB, t'TAB 
RBSJ>ONSES TO OCTOSBR 7, 1994 NRC OU'BSTIONS 

Micr.ael L. Ross, Hellmut H. Du~llla9, and Gary B. Ch~istensor. 

Utah Geological Survey 

r.o: 

QUestion Ala. The extent of modern river flooding and channel 
migration is aetined by the geologic :100<1 plain, shown on 
the attached ~eologic map (Attachm.ene A) by the unit Qfp 
(T.od9rn flood-plain deposits). Stream terrace deposits 
representing ak>andoned ~lood pl~ing ~y oc ~ccd to determine 
the extent of past channel migration. Colorado River 
terrace gravels are presE~t on the east 1i~• of Courthouse 
W~Ah, just north o! U.S. Highway l~l. approximately 40 feet 
abo·. -~ the mo~ern river channel. Other possible :-iver 
gravels ax·• p:·e:==:nmL .u~aLL L.l:J.~ L.t."a1u1sm.lsslou powe.r l.llle \&1!!ui!il 
USGS Moab 1:24,000 topographic map) where it makes a sharp 
bend immediately southeast cf Utah Highway 279 west of the 
t•ilings pile. Theao gravels are approximately 90 feet 
above the modern river channel. At the present time we have 
not determ~nea it these gravels were ~rcughe in as fill for 
construction of the highway or if they are in place. If the 
river gravels are in place, they indicate that the present 
are~ of the tailing3 vao a; one ti'll\Q (prob~ly in 
Pleistocene time) paft cf the Colorado River channe~ • 

Q11A~~inn ~lh. ·One line of evidence would be to investigate the 
previously mentioned river gravels near the tailings pile 
<see Que5tion Ala Cl.buv~) tu \l~L""''\U.i.u" l.C l.u~y ci."·1;: lu ~la...:~. 
Also, a subsurface investigation in the tailings area could 
be conducted to look for other Colorado River gravel 
occurren~ac. Th• presence ei older, higher lrJel terrace 
gravels does not necessarily indi~ate a high potential tor 
the r1ver tc eroae laterally at 1t.s presen1: level and 
reoc~upv the area =ecause other constraints may exist new to 
confine the river. 

The river chi:umel m:iy inigr:ito onto any pazt of ita 
modern flood plain, or erode laterally to expand the flood 
plain, par~icularly on the outside of a meander bend such as 
... ~ t'.li-. A.r.las tailings site. 'Jnder nat\Aral conditions. it 
appears possible that the tailings may ):)e affec~ed by such. 
c:tuu:i.m::l 11.1.L!:ILa.1.lu.11 t&l'ld e:z;o:sion within t.he next. 1, 000 years. 

Question A2. We have no data or maps which characterize the 
loe~cion ann ~rAAl ~xtent of coarse material along tbia 
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portton of the Colorado River. Colorado River flood-plain 
deposits consist of clay t~ cobb~e-size material. ·Sand and 
gravel (~ebbles r.n enhhl~~\ ~~A mostly depo•i~•d in channel• 
a.nd are typically lenticular in morphology. Sand, silt, and 
clay characterize the overbank deposits. ueposits trom Moab 
and Court.house Washes are also vaz:·iable with respect to 
clase size and the gravelly deposits are also typically 
lQnticul.ar. Thu8, depoait• expooe~ alon~ the Colorado Rive~ 
bank at· ·the Atlas site are expected to be heterogeneoua in 
clast size and lithology, and laterally discontinuous. 
Because o~ this, qravels ~resently exposed in the river bank 
may not extend laterally and may not be a reliable deterrent 
to river-bank erceion. The stabili~y of river·banlts is also 
controlled by t~e vegetation. 

Quen :·.irm A1. WP. rirfll RWilrA nt nn !'J11hl i ~h•d e"C' .available · 
inf o:riration on rates of vertical and lateral agg:adation or 
erosioJ"I. ot Meal:> wash or cou~t.llou.se wagn. n.a 'olorado x1ver 
is the ultimate base level for both washes, so -~ expect 
both washes to attempt to grade to the river level. 

Question A4. We have not st~died the erosion and mass-wasting 
processes act1ve along the Colcrado R1ver bank. However, we 
car. expect the banks to erode and i;lough to achieve a st.~le 
slope angle. Undercutting cf the bank by the river will 
c~~ee r~newed ereaiqn and e:c~ghing. We ha~-e not evaluated 
the potential for larger, deep-seated slumps or other slope 
f~ilu~es that may affect the tailings pile. 

Question AS. ~o our ~owledge there is no information regarding 
the age ot alluvial ~eposits 1n the 1mme~1ate area ot tne 
tailings. Eecause most. of the modern flood plain. (Moab 
Slough) was under water during flooding in the early 1980s, 
i~ ig likely t~t the upper ocpogita wrc Qll Holcce~e in 
age. Alluvium on the n~rthweEt ai~e of the Colorado River 
shows little or no soil de?elopmant, suggesting it is likel7 
ot ~olocene a~e. 

Qut:=s L.i.::m AE ~ Tllere ie no bai:-~ data to indicat.e th4.t subsll!len~-= 
caused by dissolution of salt has caused the Colorado River 
at Moab Valley to migrate in the pas~. However, it seems 
likely th•t the Colorado River may ehan9e course, at leaat 
temporarily, if a new depression were to appear in the flccd 
pla1d as per your example. 

In Cache Valley to the northeast cf the A;laa site, 
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cache-valley Wash is presently located in the areas or 
greatest salt-~issolution-induced structural col:apse of 
bedrock units within the Cache Valley graben CDoellinsi and 
Ross, 1993). The course of Cache Val:ey Wash may be the 
reault ~e two possible procee1SeD, o~ a comb.ln•t.J.uu uf both. 
First, Cache Valley Wash may ha\'9 channeled surface water 
into pre-existing bedroc:k fractures, which allowed downward 
migration nf r.h1t w,.t".fllr !".~ t.h~ underlyina calt diapir, 
thereby increasing salt-dissolution along the stream course. 
Alternatively, cache valley wasn may have ~een superimpoaec1 
on a structurally and litholcgically complex terrain, in 
which its path is the result of differential erosion and 
case~level i~fluences o~ the controllin9 ml:ljor drQir.agee. 

During periods of alluV:.ation in the evolution ot salt
dissolution-induced eolla~sing valleys, topographic lows are 
filled with stream alluvium. ·The stream channels t~en 
migrate across tne surface of t.he valley as it ~ills. 
!?xar.tplee ~f f il~in9 aLd etream migration are p~~~~u~ l~ 
castle Valley, Spanish Valley, Fisher Valley, and Salt 
Valley. 

Que;tion Bl. Tl:.e total length of the Moab tault and its 
1n~erprete~ splay ra~lts that are mappeo with con!ide~ce 1n 
G=and County are shown in t7GS Open-File Report 287 (Moab 
JO'x 60' quadrangle, scale 1~100,000). A slightly modified 
vcrcion of thic tM.ptic i.no:.uclcd wit.h thcoc rc:1ponse• ae 
At t.ac:hment B. ·.iJie: at taehed map shows our inteil)retation of 
the Moab fault systen highlighted in =ed. 'Ille exact trend 
and location of the Mo~ fault(&?) beneath the flnnT nf MnAh 
and Spanish Val:eys is u.nk.nown- at. this time and its 
~~LJ.uicil.~~ JiHJ~.l~~1o1u J.o cluLL.i=u caml qut1rit1d 11lcng t.he axis of 
the valleys. A similar queried fault is interpreted by Weir 
and others (1961) to follow the axis of Spanish Valley south 
of the southern map l::>ou.nda:cy of 't."CS Open-i'ile Report 21'7. 
However, structural offset. of Mesozoic formations across the 
valleys can be demons~ra~ed and 1nd1cates the tormat1ona 
wer~ offset by a nort~west-tr~nding fault {probably.the Moab 
fault) along the cres~ of the Moab-Spanish Valley salt-cored 
anticline prior eo &Qlt diasolution induced collapse of the 
crest o! the st:ucture. At the present time it is unknown 
whether ~he Moab fault is •n identifi~le feature at shallow 
depths in and beneach che val.ley-f 111 deposies and whether 
it survived as a coherent and recogDizable structural 
.C'=!ctl.1.&Lt:t du.Ll.1.l.9 1.1·.a supe.:imposed aalt.-diaeolut.ion•induced 
stnictural collapse. 
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Moab fault is the name given to the major surface 
!aul:-~ha~ ex~ends ~rom Mcal::l-spanis~ Valleys nc~hwest.varc 
to the Slue Hills. Detailed palecseismic studies to attempt 
to define- fault segments have not :been performed fer che 
Monb fDult. 

Question B2. Attachment A is a diagrammatic geologic map o! the 
area in the vicinity of the Atlas site based on H. 
Doelling'• current mapping in the Moab 7.S-minute 
quadrai1gle, which will be available a• an open-file report 
after J'une 30, lS95 for peer review. The report and 
interpreta~ions regarding the Moab fault will i,e finalized 
aftar roview comments are received. 

The Moab fault has two b:-anc.hes in the vicinity of the 
A1=las t.a111ngs p1le. .uiscont.inuous bedrock exposures a!ong 
the nor:heast cliffs of iois~~ Spider Mesa allow for a qood 
esti-:r.ate for the location ar.a t;ren:! ot ti1: west branch of 
the fault. The ~rend of ehe ~~i~ branch of the M:ab f•~lt 
southeast ~f its last bedrv-:k exposure in M1Jab Canywn ia 
interpretive. Attachment A shows tlle approximate locat1on 
and trend of ~he fault as projectgd by B. Doellin~, who 
considered t.he edge of the northeasterrnnost exposure of the 
MLit:mku~.:. ?'V•lUa i. .i.uu !vi,,u&tl wl.w~~u Lut:= I.WU 1J-'"'"11Wl•t:i:t. M. RUl:iiti 
estimates the location and trend of the buried main branch 
of the Moa.b fault to be slightly more to the northeast <see 
tran~ shewn en Attachcene B), on trend with its laat 
mappable o:ientation (ap~roximataly N4s•w). 

Question 83. Please rafer to Attachment a for locatio~s. In 
general, the Mo~ faul~ ~rends between N40·SO-W and dips 
between ~o-eo•NE. Starting near the northwestern. end Qf the 
Moab fault. the following is a l1st of fault attitudes and 
senses of mO\·ement. 

1. ~~~r.lAr.t. WBRh area: N4~-W, 60-~~9Nll. dmm ~n Nlll. 
~. Cou~thcuse Rock area: N40-SO-W, 60·659NB, down to 

NE. 
3. Old highway site n~rtheast of Little Valley: NSO· 

6c•w, 60-so•m, do~r.i to NB. 
1. Highway 191 croBaee the Moab f•ule Dea% J\rchem 

National Park Visitor Center: B-W, •60•N, down to N. 
In ehe vicinity of the ~tlaa site, poor bedrock exposures 
and burial 'by surficial deposits make measuremants of the 
Moab fault difficult. A:ong ~ha southwest sid• oi Hi9hway 
l.91, just no:tbwest of the Atla11 site, iimited. expocsurce1 o~ 
the fault indicate a relatively straight fault trace 
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(•N4S'W) suggesting the fault is relati~ely b!gh angle. 
From outcrops where it is possible to make a judgement, che 
inclir.ation varies from 68'NB to 9o•<vertical). 

The trend of the west ~ranch ~f the Moab fault has ar. 
eT"T"!'t i r:i t.Trl~P ;:a~-rnRR t-.!")~~~hy (&t-.r~r.~mf\llnt: &) , S\tggest ing a 

lower angle of inclination. Where the inclination of the 
wese l)ranch ot the tault 1s measural:)le, :. t ''ar1es rrom 35 eo 
45"NE across the map area. The fault may be slightly 
steeper to the north. This branch i• a normal fault and 
cliekeneidee indieate dip alip. 

Question B4a. Observed slicken•1des at \~ioua locations along 
the Moab fault and associated splay faults indicate both dip 
slip ana slight:ly oblique slip movement. Slickensides 
sl:u.;,w.i..1.:.9 a mi.1.1or coniponent ot oblique sll.p l:i.•"e Ld1'..~w Vd.4'·y.i.u~ 

between 75-SS'NW and SB (A. F~xford, Univ.of Liverpool, 
verbal communication, 1994) . No slickensides showing 
iltrike-slip movement alon9 the Moal> fault have been 
ob~erved. 

'J.'he exact amount ot vertical c11splacemene a.long tne 
Moab fault in the vicinity of the Atlas site is difficult: to 
assess because of :he potential variations in the thickness 
of late Penneylvonion through Jurassic formations re~ulting 
from mo~ement of the underlying salt diapir. Bstimated 
displace~~nt on the Moab fault at a point halfway between 
th~ ~-rr:h~-= N1ar. i nTlll1 l?Ark V'! ~1 t".nor ~.-1'1r."rr · ~nd the At la• 
tailings pile is approximately 2,500 feet, using data from 
measured strat1;raph1c sections and es~imaced thicJcne~ses o: 
subsurface formations. Field re:ations show the Moab Member 
of the Ene=ada Sandstone is juxtaposed against the Honaker 
Trail Fozmation aero&& the two fault b:anc:hea (~ttachmcnt 

A) . 
In the Vicinity of Sevenm1le C&nyon, approximately 7 

miles northwest of the Atlas site. estimated displacement on 
t.he Moab fault is approximately 3, 000 feet·. · Field relation• 
show the Salt WaDh M~r of the Mo..-iaon Fo:cmation 
j\xtaposed against the Cutler Pormatior.. 

At Bartlett Wash, approximately 13 miles northwest cf 
the ~tlas siee, eseimated diaplftcemant on th• Moab fault is 
approximately 600 feet. Field relations show the Cedar 
Mountain ~·ormat.ion juxtaposed agai.ns~ ~he Moab Memt>er ot t.he 
Entrada Sandstone. 

Quc:::;tion s,b. l!acod on the· geologic maps of Williams_ (19,4) ·and 
Doelling (1993), the yCUJlgest stratigraphic uni~ displaced 
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cy the Moab fault is the Cretaceous Mancos Shale alcng the 
ccut.hwest lid:> of th~ C'r.mrt.hrmse Wasb syncline. M. Ross 
interprets the Courthouse Wash syncline as .being a La:amide 
!old whO'Se axia~ erace 1s southweat ~! a P~•-exi•tir.g rim 
sync:ine (salt withdrawal basin> in Triassic and older 
strata along the southwest side of the Salt Valley salt· 
cor=d anticline. L~amide orogeny !oldina and tauit;ng 1n 
this part of the Colorado Plateau is believed to range from 
latest Cretaceous to Eocene. Tne Moab ~aulc cross-cuts th• 
Courthnu"e Wash syncline indicatin~ that the fault i• 
younger than the told and is probably of Tertiary age 
(Eocene or yuw.&~t;!.C). No Tertia:y rc>cks a:cc prcgcnt along 
the trace of the Moab fault to better constrain the 
period(s) of faulting. There is no evidence that the Moab 
!~ult cut& Quaternary d•posits 

Oviatt (19B8) interprets the beheading of the Little 
Canyon drainage as evidence tor Oe!otination due tu ~•1b 
teetonics ~nd,'or movement. on the Mcab fault.. He lJelieves 
this def =rmation occurred in late Ter:ia:y to early 
QuAcernai-y cioe. Little C:inyon is a broad, deep eanyon on 
the sout~west flank of Moab Canyon, a}:)out 5 miles no~hwest 
of the Atlas site. At this time M. Ross and G. ~hr1scenson 

bQli4il~.re thA 1111t.r11ctural factors responsible for the 
geomorphology in the area of Little Canyon are uncertain. 
H . .l.)Oell1ng believf:!is :.JJ~ luu'l9ing valley ie caused by 
beadward erosion (stream pira:y) of Mcab Wash. 

t . 
Q'.lc:scion 135. ':":lcro il' no published seismic reflection d;1t;11 · 

availalJle to constrain the subsurface geometry of the Moab 
fault in close proximity to tne Atlas siee. During 
discussions between ~arious UGS geologiscs ar.d petroleum 
company geologists involved in exploration in the Moal:> area, 
l~ w&s stated thae the currene intc:p:ctation o! the Moab . 
fault i& tha~ it is a northeast·dipping listric fault that 
appea::s to die out in the Moab salt diapi:r. Se'\·eral 
previ.01.u1 invest -I g-..t'; nnA reported in the literature have 
interpreted the Moab fault as terminating in the unde~lying 
;•1oa.t> salt diapir where the :a;.ilt i:iu\l ~•lL diapir aA 

superimposed. · 
The united States Geological Survey (~SGS) made 

~·.raila.tilc, for ~xamination, ••"feral -unpubli•h•c! Nld !)IX'T 
quality s!!ismic refection geophysical li:les to M. Ross and 
Craig D. Morgan =! the UGS. one ot these iines extended 
southwest to northeast aero~• the n.or~he:n ena of the Moab 
tault in the area of the Blue Hills. Ross and Morgan 
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interpreted a poss~ble faule (Moab fault) higher in t~e 
eeetion, with mini1"1'\Al diaplcccmcr.t down to the nortbc~Gt· 
that appeared to die ou: listric-northeast in the Paradox 
Fonnation. At deeper lev6ls in the seismi: section another 
f~ult., down-to-the·norebeast an~ high an~le, displaced 
=eismic reflectors they interpreted as the Leadville 
Lir.ies~cne (lo'x·t1-ttalL wL.c&~a), wt died cut upwaJ;d in the 
Paradox Formation. The deeper fault was offset from the 
upper l·evel fault (Moab fault) • At this loc:a~ion it· ~id not 
a~Faar that the upper f a~1t was diraetly eoJll1•eted to th• 
deeper fault. 

A steep, nortneast.-tac1ng grad1ene i.n regional grav1ty 
and magnetic data is s~parallel with the Moab-S~anish 
Valley salt-cored an~icline and Moab fault. Case and 
Joe$tins (~972) in~erpreted the gradient as a discontinuity 
in the basement reeks (pre-salt roeks) . They inte%preted 
the discontinuity as a nortowest-st:iking, high-angle fault 
with ~~wn-t~-rhP.-northeaet displaceme..~~-

Sased on t~e geologic ~ap of Williams 11;6,), the 
Lisbor. Val:ey !~ult i::t ~ luu~, UiJ~·L1~wt=t1L.-L~·tw\1.1.uy, down-Lu
the-northeast fault tha~ is very sittilar in geometry to the 
Moab fault. Lisbon Val~ey fa~lt is the name given to the 
major s~u·face fal;lt at Lic'.bcn Valley. ~arJccir {1981/, ba;ed. 
on well data, interpreted the Lisbon Valley f&l;lt as a high· 
angle, ncrtheas~·dipping listric normal fault that dies out 
i~ the ~isbo~ Valley salt diapir. Well data also indicate a 
high-angle faui.t ~-;'"•deeper crustal le·,,..els that offsets tb.e 
pre-salt •oci;& down to the no~thea~:. The deeper fault i~ 
also r.orthwest-striking but is offset to the southwest from 
the surface trace of the Lisbon Valley fault. 'nle shallow 
a-n.d. deep fRults c:.re not d·irP.ct1y COT'IT1ttC'ted, but are 
separated by the Lis~on Valley salt diapir. 

'J.'he 11isbcn va11ey fault trends nott.hweseward and 
te:nninates at the Kane Springs graben <see Williams, 1964) . 
Off set ot stratigra~bic units across Moab-Spanish Valleys 
(due to the Mo~ f~ult) dccro~cec at tho cou~hosct ond of 
Spanish Valley where the Kane Springs graben intersects the 
span~sh Vall&y collapsed salt cored a.,ticliue. Kane Springs 
gr&ben is northeast-trending and approximately S miles long. 
No detailed structural analysis has been conducted on the 
~.i;;olJ1:.u lJy 1..be U3S. 

The Moab fa~lt is right-stepping from the Lisbon Valley 
tault at the Kane Springs graben. This _suggests that the 
Kane Spring~ g~~h•n i~ a cross-st:ucture linking the two 
faulta. M. Ross indicates that the position o~ the graben 
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at t-he ~ermini of the Moab a..~d Lisbon Valley faults suggests 
a minc:>r riihe-lt&ten•l 11tr~:k.e-slip com;>onene ot ot~set &long 
the Moah. and Lisbon Valley fault1. H. Doelling does not 
interpret the Kane Springs gratJen aa resulting from this 
type o! de!ormation. He notea tbae it dicplays a vertical 
component of slip. 

Question B6 .. our response to Question B4b ~rovides infc:uation 
regarding age of movement on the Moab fault. In the 
vicinity of Moab Valley, i~ i• likely that part of the 
displacement on the Moab fault evident at the surfaee wa• 
related to dissolution of •~lt and brittle rock fai!ure in 
t.he nverlying rode imi t.R. Hnw-.v,.,.. ,.r. t-.h~ pT'ese:it time we 
have no~ made an assessment o: the amcunt of off set along 
the Moat> fault at Moat> Valley that 1s related to tectonic 
a.c:tivity vs. superimposei: salt~clissolution cclla;>se 
activity. We interpret that the majoriti ol ·~s of~set on 
the Moab =-~lt, at ~cab-Spa.nisb Valleyc a~d r.-rthwegtward, 
as being due to Tertiary t.ectonic activity that predates 
sa~t-a1~~o~ut1on ~ero:mation. 

No Cuaternacy sediments at the s,1rface of Moal:> Valley 
are offset by the Moab fault or any of the additional faul~s 
pr~eent in the bedrock unite that eurround the valley. The 
s'..lbsurf ace geometry of the Qu&ternary .valley-fill deposits 
in Moab Valley is unknown. Northwest of Moab at Bartlett 
Wash, reconnaissance investicrations indiQate that Holocene " . to latest Pleistocen~(?) s~rticial deposits extend across 
tne tra.~e of tha Moai:> rauic with no apparent ottset ot their 
upper surface. The absence o~ a well-developed soil on 
these deposits suggests a ycung age. The lack of offset -may 
indicate no curface rupture or. tho Mo:a.C f;lult ct thiB 
location during the late Pleistocene or Holocene. More work 
is needed at this site to document relat:.ionships between the 
fault an~ the Quaternary deposits and to constrain the age 
of the deposits. 

Question B7. Information :regarding seismic potential o~ the Moab 
!aulc and ground-shaking haza~ds in the Moal> Valley area has 
been p\l..blishcad by ,-arioua workers, p;.rticiularly Ivan Wong o! 
Woodward-Clyde Consultants, whc has .:or:.:1uc~ec1 the most 
deca1led seismologic wor~ in ~be area (fO% example, wong and 
Humphrey, 1989}. We have no additional information 
regarding these iss~es from our work. 

Question Cl. It is cur belief that prier eo lat••t-Miocene to 
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early_Fliocene time, a northweat-tren~ing, salt-cored 
cu1ti~liu~, with it• crest :a~ieed ~own-to-the-noreheast, was 
present in the Moab-Spanish Valley area. Dissolution of the 
salt diaplrs that :ore numerous anticlinee in th• northern 
Paradox bMain •ppeara co have begun in tho lateet Te:ti&rf · 
The oldest known late Cenozoic deposit preserved in ~ny of 
the collapsed struc~urai valleys (&a.Lt•corect ant1cl1ne1) is 
the Geyser Creek Panglcmerate. Geyser Creek Pan9lC1nerate ii 
present in Castle Valley and the Taylor Creek syncline. 
~rob;iblc cc;[\.\iv~lcnt a9c daposica are pre•en~ in Pi•h~ and 
Paraacx Valleys. At Castle. Valley, Geyser Creek 
Fa.nglomera:e is folded into an asymmetrical syncline that ia 
beveled-off and unconforma.Dly cv~rlain by P1in-~1•istocene 
alluvia!-tan gravels. The Plic-Pleistocene gravels are 
Clll)t>.LtJ..r...i1Lhal..~ly 400 C~e;:t. 1.u.l.1,;k .1.u tht! valley an" con~a1n a 
volcanic ash bed near thL top cf the section thae is 
ceT''".atively correlated witb t.he Guaja P-.mtic~ Sed dated at 
1.{~ million yQars. At 1isher Valley, paleoma~etic data 
tt·om allu-.~i".lt'l tilling the valley in-'icai:e probable Geyser 
creeK-equivalen~ gtavels are older tn&n i.s million years 
(Col=nan and others, 19881. These data indicate ~ha~ the 
Geyser Creek Fanglorr~rate is Pliocene age. The preservation 
of the Geyser Creek ~anglomerat~ in stJ:'Uetural valley• 
indicates salt-dissolution-induced collapse was on-going at 
the time of deposi=ion (Pliocene' and possibly shortly 
hAforA. No ~ApoAi~~ n, c;,.y~~r ~~~~ ~a~g1or.lerace have bQQn 
identified in or adf~cent to Moab er Spanish Valleys. 

Remnani:s ct Plio·Pleistocene gravels are preeerved 
within and around :he margins of many of the collapsed 
structural va~ley&. Deposits in the valleys are generally 
chicker chan chose in other areas. Plio-Pleistooene 
deposits 1n r~sher, Cache, and Salt Valleys are deformed by 
tau!ts ana to~~, ana are c:naracterized trf unconfor.nities, 
tiltinq of beds, L~d syndepositional ~hickening oi deposits 
in response to on-going deformaeion. These featu~es 
indicate continued mo-rement/diseclution of salt during the 
early Pleistocene. Along the northeast side and southern 
marsin cf Spani&h Valle-/, Plio·Pleistocene gravela are 
!'T"P~P.T"VA~ nn ~.t'>f)ngr'll[)'h;t".A11y·high hAC'irnr.'lr F.Ourfac•• 11t 

approximately 600 feet above current c!rainagea. Thia 
indicat~s signif icane poet-early Pleistocene •tream incision 
in the Spanish Valley area. The age-.assignment and 
correlation of Plio-Pleistocene deposit• ia baaed on the 
prea~nce o! ea%'ly to rniddl.e Pleistocec• ·voleanie a11h ):)ads in 
the deposi-;s or a cap of strongly d~veloped. pedogenic 
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=arbonat.e soils. 
Pleistocene alluvial depaslLo, lut~:-pret.ed t.o ~e Bull 

Lake-age \•120,000-150,000) and younger, show a complex 
dia~ribution and morphology at Spanish, Moab, and castl9 
Vall•Y•· Lonaitudinal profile& alon9 major er•alc• •how 
downstream convergence of terraces and burial o! older 
surtaeea in th• valley bottcnl9. At l:lipanish vaJ..ley, our1•c1 
soils ae two locations in the middle o: the valley have 
pedogenic carbonate profiles.similar to those found en 
upgtrc~m tcrr~oc dcpoaito ccnaidered to l:>e of Dull Lake•ag~ 
(Harden and others, 1985). The reappearance of these older 
terrace deposits and similar-age alluvial-fan deposits at 
the divic1e between Spanish and Moab V1111Aytl' 11i11ggest that th• 
middle of Spanish Valley has subsided in the last 150,000 
y~a•·1:1 "·t:lc&L.l.vt: Lu i.2'~ Yividtt. Hard.en anc1 others (1995) 
estimate that up to 219 feet of alluvium underliea the late
Pleistocene-Holocene surface of Spanish.Valley. Water-well 
data fo~ Moab VallQy cucrgas~ ~hat as im,ch ar JCO foet of · 
alluvi~m underlies the present valley surface. Indirect 
evidence tor continued ~aternary su:>sidence c:: Moab Valley
includes ~ossible continued aqqrad&eion of the Colorado 
River in the Moab Slough area and active alluvial-fan 
deposition at the ba8e of the· cli!fe southeast of the Portal 
in Moab va:ley. There is no definitive evidence of late 
Tertiary or Quaternary salt diapirism within Moab Valley. 

~~ ~~~~1- V~l1~, ~nwn~~~f!Ulm oonvqrgenoe of Pl&isto~•n• 
alluvial-tan surfaces, the ~u:ial of these older surfaces i~ 
the lower half of the valley, uie presence ot laee 
Pleistocene to Holocene alluvium at the surface, and 
accumulations of as much as 300 feet of valley fill in the 
lower part ot the valley sugge£t Ealt-dicaolution o\Jbgidcncc 
has occurred during the last 150,000 years in the lower part 
of the valley. 

Question C2. R.ocks west and northweat of the Aelas site between 
~he ~wo ~rai1ches o~ the Moab ~ault are more f~actured Lll.&l 
similar rocks along the Moab fault north of the splay 
junction where. the two branches merge. Glen C:anycn Group 
sands~ones on the north side ot Highway 191 aero•• ~rom th• 
Atlas site and in :~e hanging wall of the main branch of the 
MOaD !&UlC alSO are h1ghly iraceured by numerous ClO••ly- . 
spaced faults, joints, and networks of cataclastic slip 
bands. The concentration of roc:Jt f:actu:e• and fold• at the 
nucerous salt-coTed anticliwQ8 (for example, Moab Valley) 
suggest these featu:es are related to salt tec:t~nica. Many 
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of these structures may have a pre-salt-dissolution origin 
related to fl~w·~~ ur sait, but may have been reactivated 
during cllssolution o~ the underi)·ing salt diapir. Por 
example, l) where these faults trend at an angle to the 
valley mar9in&. displAc:ement en t'he 1'au1 t'.111 i nr.T'fll~uu•119' t.r>w-1"t!. 

the axis of the valley, and 2) fault blocks along the margin 
oc tne va.Lley show increased rocacion coward the axis o: the 
valley. 

Geomorphology of the area around the Atlas site is 
influenced by geologic atZ"Uoturc. The hcadward crocion of 
Moab Wash is following the trace of the Mo&)) fault. 
Numerous small drainages and erosional patterns of the rocks 
~~A ~nn~rnllP.d by the location. trend, and density of 
fractures. Sal~-dissolution-induced collapse of Moab Valley 
has 'been greattt:t· t1uuL.h~11Lol.. o! L.lle Colorado R.iver than 
northwest of the river, even though the river haa prcbaDly 
been at the northern ~nd of the Moab Valley for a long time. 
Thi~ probably can be attributed to the incrP.a~e in suTfa~P. 
aud grou.,d-water flow originating in the LaSal Mountains. 

'l'o understanc1 e?le mecnan1cs, rates, and development: ct 
salt-dissolution-induced collapse of the salt diapirs, an 
understanding of the surface and groll:ld-water tydrogeology, 
structural geology, ~d ::sedimentary pecrology of the bedrock 
units is needed. No studies have been conducted to 
underseand the dynamic relationship between s~rface water, 
h~RA lP.vel, grour.d~ater, structural geo~ogy, and aalt· 
dissolution co~~~p~e at the large collapse valleye. In 
gemu·i::Ll, wto= l.it=l 1'11 "et t.ll.at sal t-di~•ol ution•induced co1lapee 
is a near surface (shallow crustal) process that occurs at a 
relatively slow ra:e. The salt-dissolution process is 
controll&d l:ly the influx of f~-.~h l!n1~f~~- ~n~ grnun~ WR~Ar 

into the salt diapir. The onset of dissolution o! the salt 
diapirs appears ~o coincide w1tb the 1n1~1al coneact of 
fresh water in surf ace drainages and shallow grO\lnd water 
systems related to the downcuttiug of the Colorado River 
eya~em. The Colorado River wppc~ro to bo a major factor in 
controlling salt dissolution, bue large tributary drainag~s 
are also important (for exa.-np.e, Salt Wash, castle Creek, 
Pack Creek, and Mill Creak). At shallow crust&l levels, the 
overall rate cf collapse-induced deformation was relatively 
~luw Lo p~oduce the numercua tight folds pre•ent ae mGnY o~ 
the collapse valleys. Brittle rocks in the folds always 
contain a.bur.dant micro- and mesoscopic fractures (for 
exami;>le, c~~~~1AAr.ic slip bande, joints. faulta). However, 
the postulated overall slow rate cf development does not 
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preclUde the occurrence of localized, rapid collapse of 
.t>rittle rocks by solutioning of underlying s~lt and 
formation o! sinkholes and breccia piJ:)fll~- Paults in th• 
brittle rocks may form in a similar manner. The abundont 
f~aceuree in the brittle xock.& alxJve tbe c1iap1r provided 
good fracture permeability tor water to reach the salt at 
depth. 

... 1 ~ 

In gAn~rA1, w• believe ~hat dia•olution of aa1t ia 
increased during wet climatic conditions and inc:eased 
scream ~ischarge from mele1ng glacier•. At these t1mee, a 
greater vclu~e of fresh water is available to enter the 
hydrologic system to dissolve salt. Recent work (Thompson~ 
19911 Smith and otherc, 19931 Plemi~g, 199') sugge•ts th&L 
the Pliocene climate for southwestern North America was 
wetter than ~odern conditions. Fleming (1994) interprets 
the Pliocene as a period of j ·:.creased. weath.eri~g 11nrt P.rosion 
on th~ Coloraco Plateau. In the Rock'/ Mou.~tain region, 
evidence exists for two n:ajo~ gla~l~~iuu~ during ehe lacs
micdle ana late Pleistocene. The Bull Lake glaciation is 
dated at 120,ooc-1so,ooo year3 ago. The Pinedale glaciation 
i!; d~ted nt 12,000-30,00C years ago. 'Iba I.aSal Mou.nt.aina 
contain evidence ~or both of these glaciations. Many of che 
a11~vial-fan ano alluvial ~eposits in castle, Moab, and 
S?anish Valleys are susi)ec~ed to be outwash from these 
glaciations. The large vo:ume of deposits of these ages in 
the:- ~ ... .:ill eye ~l!3gcata': increa.eed surface water runo:ff and 
alluviation of sul::6idins basins in the valley&. 

Question C~. Information relevant to thi& question iR in~111~M 
in Questions Cl and c~ above. No site-specific data are 
~vailcU:;.le for no•the~r. Moab Vall~i cwu •lua~ th~ Moal:J :aul~. 
Geologic fea:ures originating from both relatively slow and 
relatively rapid rates of salt tectonic movement 
(diaGolution er diapizi;m) are aaaociat9d with the ccllapae 
valleys. 

stnJceural teatures interpreted as resulting f:om 
r~latively rapid and episo~ic t1-pes of collapse ara 
sinkholes, l:>reccia pipes, :i.andslides, and. faults. ·sinkholes 
are preeeat in Castle Va1ley alon9 the soucbvest side Qf the 
valley. The sinkholes ~ie along the trace of a salt
dissolution-induced collapse fault(s)L indicating that 
collapse of solution caverns is a possible ~schanism nt 
subRidence accompanying dissolution of sal~. Breccia 
-ieposits containing a va•i•ty of Mesozoic ~ock ~ragment& are 
present in Spanish valley (Weir and others, 1961). Other 
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brecc±a pipea are present at Lockhart Basin (Huntoon and 
Richter, 1979). The breccia bodies have a pipe--like 
geemetry and rock fragments have moved downwa:d in the pipe. 
Formations prone to landsliding, such as the Chinle and 
Mnr.ri~nn Formations, may undergo movement alon; the steep 
margins of the collapse valleys. The Fisher-~idge landslide 
on ~he no:r:.ll :5idt:= ut Ll'a LttS4l Mou.nt&i.1.18 i• a compleA. 
landslide feature ~ith reoccurri~g periods of movement into 
a salt-dissolution-induced synclinal basin. The rate of 
movemant along the numarcu.s faults associated with th• 
collapse valleys is difficult to determine. It !• 
reasonable to assume tnac movement on these taUlt• waa 
locally episodic and relatively rapid. 

Str~ctural features interpreted to have formed at 
relatively Dlcw rates are eul:lei4ence fe4turee (for exmnple, 
fo~ds, syndepositicnal tt~~kening o! deposits, 
ur.confor.nities, and facies Changes in depoei~s) and faults. 
At the eastern end of Sa!: Valley, to:ds are p~esent in 
early Pleist:>cene alluvium. Beds ap,Parently thicken in ~he 
axis o:t ts. l.:fJ' a~ll.ut;: aml Lllln. &c.ro&s the u.is oC AJl. adj d&CG:Ul\. 

anticline, indicating syndepositional deformation (Oviatt, 
1988). Aiso at Salt Valley is • possible syndepositional 
normal fault, and an~lar uneonformities and disconfo~ties 
indicating deformation related to movement/dissolution of 
the underlying.salt diap1r. At F1sher Valley, late Cenozoic 
valley-fil~ deposita.show evidence for syn· and post
depositional deformat~on (Colman, 1983). Geyser Creek 
Fanglcmerate-equivaleut depositD are fou:ted and folded into 
the caprock of the Onion Creek salt diapir. Plio
Pleistocene deposits are slightly 1nfolded into the salt 
diapiT ~nd ~1A~ ni~ AWAY !rom ~.hP. dia~ir, llp tn l~·. ~nwArd 
tne center of the subs1ling basin (Ccltnan, 1983). These 
~eposits conca1n several unconformities a..'lt!l syndeposi~icnai 
thickening toward the center of the basin within th• valley. · 

An average rate of subsidence can be estima~ed ~o~ the 
en~ly to middle P1eietcx:ene deposit& in Pishe: Va1ley. 
During a period of approximately 120,000 years, between 
~rupcicn of the Bishop vol:an1c asn \•740,000 years ago) ana 
eruption of the Lava Creek B velcanic ash (•620,000 years 
ago), between 70·90 feet of alluvium was deposited in the 
v~lley. Ou.ring thie eime, erosion and dowr.cutting were 
predominant elsewhere throughCNt the Colorado Plateau, and 
significant deposition was occurring only in areaa of active 
subsidP.n~A. '!'hA Fisher Valley data indicate an average of S 
inches per 1,000 years of subsidence and :esul~icg sedimene 
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accumulation in Pisher Valle~. At the same time Fisher 
V~lley waa eubsidin9, the Colorado ntvcr a.~ itg ~ri~ut~ricc 
were downcutcing. Tne estimated long-term erosion rate tor 
the Colorado Plateau is approximately 9.5 !r.che• per 1,000 
ye~Ts C~igg~r llnd other&. 1981). Thus, !or deposition to be 
occurring in Pisher Valley at the same time base level was 
dropping, the est:ima.t.ed isubzd.cltmc.:'I "·"~" !c:.iz: !'lsll-=sr Valle)· ia 
prob~ly closer to 17.5 inche•/1,000 yeara (equal to the 
regional downcutting rate [9.S inches/1,000 years] plus che 
oedimcnt ~ccumu.lation rate [I ir.ehes/l,000 yea~•]. Tbe 
overall rate of subsidence in Moab Valley, at the Atlas 
site, may vary from those estimatea tor ~isner valley • 

Question Dl. ~etroleum resources are present in the 
Pe1lnsylYanian Pa:adox Formation t&nd unde~lying Migoiooippian 
Leadvil.1.e Formation in nearty ar'!as to the southwest. 
Sed~ed evaporites (potash and salt) are present in the 
ParadoY ;l'nnMr.inr., potash and salt are produced at Potash, 
located about l~ road miles southwest from the tailings 
pona. 

~1e most unce;t~in o~ the~e conmodities is petroleum. 
Petroleum drilling will likely occur in or adjacent t~ the 
Modb VQllcy w~thin the next 1,000 yearc, and the potential 
ror finding oil somewhere near the strike of the ~oal: fault 
is good. There i& no documented ev1der.ce ot seismic 
activity or subsideoce related to hydrocar~on wi~bdrawal in 
Grand County. • 

It is impoasible to predict 86l~ ard potaeh market 
conditions and the technolcgies that may develop during the 
next l,000 years. eu=xently, ~onditiona are not favc~al;)le 
for &~Qh development 1'h• n•~~ arit8 in ~he Paradox basin 
that will likely be developed will be the Bartlett Waah
Sevenmi1e ~anyon area. Brines were extrac~ecS from Meal:> 
Valley in the early 19008. Alth01Jgh eeismic activity ha• 
been recorded at Potash, there is no documented surf ace 
rupture. 

Groun~ water is present both in rock and unconsolidated 
depos!.ts in the Moab Valley a.rea. Preah grounc1 water is 
pres~ntll' developed for munic1pal and domest.ic sui>i:>lies. 
Saline g~ound water is also likely present. Pressure tc 
u~v~1op 9~ound-water reaou~cea will likely increQGC !n ~ho 
area. 

Quest.ion Bl.. llthough w~ ~liP.v~ sUbsidence is occm:rinq in the 
vicinic.y of the Colorado River in Mom Valley,.- we have no 
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data regarding possible rates and no direct observations cf 
di~placea Qu~t•=na.r.t dcpooita. Quaeernary euheidence i• 
known to have occurred elsewhere in tbe salt-cored anticline 
province-where rleistocene sediments hav• locally been 
defortr~d. There are no data concerning rates ~ther than 
those previcusly mentioned for Pi1her Valley. To cur 
Jmcwle:cl~t:t, uu 01.h.aJ: J:e•e•J:ch bu J:,eozi done to cbtain 
absolute dates in areas ot doC\11Dented subsidence to 
determine rates. The presence of aa much as 300 feet of 
Qu•taX"nary ~a•in fill in Moab Vallay in an ero•ional regime 
like that of the Colorado Plateau suggest& local Quaternary 
si.l.bsidence. 

H. Doelling suggest• mcvement will occur along the 
margins of the salt-cored anticlines. These are natural 
z:cnel!I of weGJmc:u:;, :al:c~dy higb1y fraceure4 and fau!eed. 
Tectonic activity would also likely :be aligned •long the1e 
~arginal zones~ Likewise, t~ese zones provide a direct 
conduit to the salt, so that fresh water can reach and 
dissolve it. M. Ross and G. Christenson sugge1t that 
c1e!CI."llli:::l~J.uu, .u:tl•l.e" t.o dissolution o! 11al~, ia pc•sible in:
the crestal portion of the collapsed salt-cored anticline• -
anywhere salt is close to the surface in contace witt fresh 
wator. 

Queseion S2. we are noe pertorming any scucies Which bear 
directly on unders~anding the effects and control of deep· 
seated basement sh@ar zones and faults on o~served surface 
faulta. 
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Rockville, MO 20850 
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May 31. 1994 

Re: License SUA-917 
Docket No. 40-3453 
November 29, 1993 and 
January 3, 1994 Requests 
for Information 

Transmitted herewith i1 Atlas Corporation'• (Atlas') response to the Nuclear 
Regulatory Commission'• (NRC'1J requests for Information dated November 29, 1993, 
and January 3, 1994. This submittal addre11e1 faulting, seismic, geomorphic, erosion 
control and radon attenuation issues and completes our responses to the comments 
provided in these information requests. A previous response to the November 29, 
1993, request for information was submitted to NRC on January 28, 1994. 

This re,;>onse includes· documents prepared by Woodward-Clyde Federal Services 
Corp. (faulting issuesJ and Mussetter Engineering, Inc. fgeomorphic issuesJ. The 
'Noodward-Clyde dor.ument w111 submitted to the Utah Geologi=I Survey and they 
were in geri£~~• aoroament with the response. 
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Mr. Joseph J. Holonich 2 May 27, 1994 

We trust that the responses to. the comments adequately address the issues of 
concern. If you have any questions concerning this submittal, please call me at (303J 
825-1200. -

Sincerely, 

~~~..a0 
Richard E. Blubaugh ("...,..,,, f!,,_t. ~· ,f E. E / u 1~""'5 L, 
Vice President, Environmental 
and Governmental Affairs 
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corresponding to a horizontal earthquake acceleration of 0.21 g (Department .of 

Energy, 1 989). This value is used for Scenarios 3, 4, and 5 along with a vertical 
earthquake acceleration of 0.05 g. The purpose of Scenarios 6 and 7 is to account 
for a potential earthquake of even greater magnitude during the design life of the 

reclaimed embankment. Under these scenarios, the maximum horizontal earthquake 

• · acceleration under which the reclaimed embankment is stable was determined. 
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Failure surfaces predicted by PCSTABL5 for the scenarios fisted above are shown 

graphically on Figure 1. Soil properties and strength properties used in the analysis 

are also presented on Figure 1. Details of the stability evaluation are provided in 

Appendix A. Appendix A also contains the piezometer coordinates and the most 

current water level information. 

The factor of safety against slope failure is greater than 1 for Scenarios 1, 2, and 3~ 
For worst case Scenarios 6 and 7, the impoundment could withstand an earthquake 

with a horizontal earthquake acceleration of 0.25 g. This is 400 percent larger than 

the 250-year earthquake acceleration predicted for Moab, Utah, and 19 percent larger 

than the MCE loading. Based on the results of the .stability analysis and the low 

probability of the MCE.being exceeded, the reclaimed embankment design will provide 

an adequate factor of safety agplnst shear failure. 

8. Geomorphic Stability 

Comment 

1 • From the available data and our observations, there appears to be no basis to 

conclude that the Colorado River cannot erode in the direction of the tailings 

pile. There is also insufficient information currently available to us to 

determine the rate of erosion. We therefore conclude that this erosion could 

adversely affect the stability of the tailings pile during the project design life. 

Accordingly, provide information to show that the Colorado River will not 

erode and migrate to the tailings embankment, or substantiate that your 

proposed design has considered and accounted for the potential for long-term 

Canonie:Envirmmental 
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bank erosion and changes in the river's position in the valley. Include 

consideration of both structural stability and erosion protection. 

If you cannot substantiate that the river will not migrate toward the tailings or 

that your design accommodated this condition, provide a revised design for our 

review and approval that considers a complete range of river conditions end 

positions that could be experienced In the project design life. 

Include in your substantiation or redesign the estimated location,· depth, and 

dimensions of the channel and any revised designs and analyses of the riprap 

to be placed along the sides of the toe of the pile. Also consider potential 

future channel locations, estimated depth of the channel, depth of scour, 

Probable Maximum Flood (PMF) water surface elevation, and other factors 

which enter into the erosion protection design. Since a new channel could 

possibly occur in a number of locations along the face of the pile, address in 
. . 

detail the areal extent of the erosion protection for the pile side slopes and 

toes. Include information to demonstrate that erosion protection is adequate 

to the scour depth that could be expected for tbe conditions described a·bove. 

Additional comments concerning surface water hydrology and erosion protection were 

submitted to Atlas on January 3, 1994. The comment is repeated below. 

Comment 

2. It appears that the cross-sections and other estimated hydraulic parameters 

used in your water surface profile analyses to assess flooding on the Colorado 

River may not be appropriate. Preliminary review of your data and analyses 

indicates that the computations presented may not reflect actual conditions,· 

as indicated by direct staff observations of the Colorado River. We have 

questions and concerns in the following areas:· -

~ 

CanonleEnvircnmental 
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• Topographic and Colorado River cross-section data 
• Underpr_!diction of flow velocities in the river channel 
• Changes to river channel cross-sections during flood events 
• Use of Manning's 'n' values 

It appears that the topographic and cross-section data provided for determining 

water surface evaluations and vefocities are not adequate for assessing flow 

velocities in the river channel. Based on an examination of the topographic 

and cross-section information provided, more detailed and correct cross

sections are required to correctly analyze the flows In the Colorado River, 

particularly with regard to determining flood velocities. For example, the 

cross-section data provided with the HEC-2 analyses (Appendix F) do not 

agree with topographic data provided in Drawing 88-067-E64 (Sheet 2 of 10). 

Specifically, cross-section 800 in the immediate site vicinity, does not reflect 

the elevations or channel widths indicated on the drawing. Further, direct 

observations and approximate staff measurements of the river depth indicate 

that the depths from the top of the bank to the channel bottom are greater 

than indicated in the HEC-2 data at cross-sec;tion 800 and at other cross

sections. These apparent errors could significantly affect the flow profiles 

computed using HEC-2, ..particularly if the channel bottom elevations and 
• 

bottom slope are not well-defined. The calculations take on added significance 

if the river channel is assumed to migrate toward the pile (see previous 

questions on geomorphology, dated November 29, 1993). Additional evidence 

to substantiate that the cross-section data are not correct Is provided by direct 

observations of the flow velocities in the river, which indicate that the 

maximum predicted PMF channel velocity of about two to three feet per 

second has apparently been underestimated. The staff observed surface 

velocities of two to three feet per second In November 1993 during a low-flow 

period in the river. Channel velocities are likely to increase significantly as the 

discharge increases during flood events. 

In addition, based on map studies, this reach of.the river Is known to change 

geometry during and after major flood events, since erosion and deposition 

occur in various places~ Therefore, the flood analyses should assume that 

RMIW:lll.()t7'11TNl'ICJUIT !lihf, 11, 11 .. I CanonleEnvircnmental 
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changes will occur to the river geometry during a flood event. These changes 
would include erosion of channel bars and deepening of the channel during a 

large flooctevent. This assumption could be extremely important at cross

sections near the "portal" area, for example, where it appears that significant 

constriction of flows occur and backwater effects are produced by constricted 

cross-sections. These sections may not be a significantly constricted during 

the course of a flood event. In particular, cross-section 200 indicates the 

presence of a s.andbar which constricts flows, but could be eroded by high 

velocities during a major flood event. In addition, It becomes ve.,Y important 

to define stable channel bottom elevations in these constricted sections, since 

the bottom elevations and bottom slope can have a great effect on velocities 

and depth of flow. 

Also, the Manning 'n' values should be more conservative than those 

assumed. For example, the channel and overbank 'n' values are assumed to 

be 0.03. It is likely, particularly during large floods, that channel 'n' values 

would be less than this. It is also likely, based on the presence of sig.nificant 

amounts of vegetation, that overbank 'n' values would be greater than 0.03 . . 
The overall net effect of using lower channel 'n' values would likely be to 

increase channel velocitie" and possibly lower water surface elevations. This 

is significant if the riprap t>n the pile side slopes needs to be designed for river 

channel velocities, if the river is assumed to migrate toward the pile (see staff 

questions on geomorphology). If the river is not assumed to migrate, use of 

overbank 'n' values of 0.03 is likely to be acceptable, but should be checked 

and verified using appropriate equations for estimating 'n' values. 

During our field visit to the area in November, the National Park Service 

pointed out high-water marks at the Highway 191 bridge for floods which 

occurred in the early 1980s. You should attempt to duplicate these historic 

profiles by adjusting Manning 'n' values, expansion and contraction losses, 

river geometry, etc. for the flows which occurred. These high-water marks 

should be surveyed and provided in the analyses as justification for the HEC-2 

input parameters selected • 

CanonleEnvircnrnental 
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Acco-Fdingly, please provide revised and accurate cross-sections to properly 

model flood flows in the Colorado River. The new data should include 
surveyed C-ross-sections which accurately portray river geometry. Also, submit 
revised HEC-2 analyses using these new data to substantiate the adequacy of 

the proposed erosion protection on the pile side slopes. 

Alternately, it may be possible to conservatively estimate the river depth and 

velocities to be used for the design of erosion protection using a minimal 

amount of data. Such estimates could be developed for: 

1 . Overbank velocities for the case which the river channel is assumed 

to be stable and does not migrate toward the pile 

2. Channel velocities for the case where the channel is assumed to 

migrate toward the pile 

In preparing these "bo':Jnding" calculations however, a certain amount of new 

information will need to be developed. While some river channel widths and . . . 

bank elevations couid possibly be estimated from· topographic maps already 

available, the slope and etevation of the river bottom will need to be accurately 

determined by surveys. 1t may be possible to use such measured river slopes 

and overbank/channel geometry taken from maps in a worst-case analysis to 

estimate velocities in the vicinity of the pile using simple slope-area methods 

and conservative estimates of Manning 'n' values for the channel and 

overbank. This type of worst-case calculation could possible be acceptable, 

if adequately justified as being appropriate and/or conservative, using 

sensitivity analyses, for example. This analysis should also attempt to 

duplicate historic profiles and high water marks. 

Resconsa 

This response has been prepared by Mussetter Engineering, Inc., Fort Collins, 

Colorado, under a consulting agreement with Canonie and is provided under separate 

cover. 

l'IM\W: .. U.7Vl'TMllCJUl'r ....,, 11, 1H41 Canonlefuvircnmental 
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8. SUMMARY AND CONCLUSIONS 

The observations and 1n1lyl11 presented In the pr9Cedfng chapters Indicate that lltel'il~ 

migration of the Colorado River toward the talDngs pile II very unlklly during the 1,000 year ~ 

frame (per 10CfR40, Appendix A). The rnsona for this conclusion 11W 1~. a fobw: 

1. 

2. 

3. 

4. 

In contrut to a river with 1D of the degrH. of frHdom for adjustment. the 
Colorado River, within Ute project reach, "- lmlted degre• of frHdam for 
adjustment becaus• of conltra1"8 lmpoud by na~I factors. The length of 
the river and therefor. HI abiBty to develop 1 llnuom planforrn II constrained by 
bedrock Inlet and outlet conditions to and from Moab-Spanish Valley, rnpecllvely. 

The area on which 1'1• tallngs pile and old mil .lite llW lacatld II an alluvlal fan 
develor)ed by flows from.Moab .Wnh and Courtho&l89 Wnh. Both of the wuha 

· have deDvered lfgnitlca~ quaiitltfn of sediment to thll ar.a hlltartcally, and wll 
·continue to do .10, unlea significant changa Occur In th• upstream watersheds. 
This sediment lnclud111ome very coarse material that II currently burled beneath 
the site and is evident rn the toe of the river bank adjlmnt to the tallngs pile. 
Interaction between th• river flows arid the fan sediments ha muled In the 
development of a natur11 toe armor that ha maintained the algnment of the riv• 
bank between croa Hclionl 4 and 5 through· the period of record. 

Sediment Input from Courthouse Wuh, which enters the river at croa HCtlon_ 4 
contributes 1 counterbalancing effect to lateral mlgi-atlon llmlllr to Moab ~ 
Sediment delivery from Courthouse Wash In about 1958 forced the channel of tile 
Colorado River to the 1outh and necessitated conltructlan of a rack dlkl ICIDD 
·the mouth of the new channel to return th• river to Ill former algnment that would 
perriilt water wlthdraWlll for th• ma. 

The combined effects of the backwater caused by th• constriction at th• Pormll 
and. overbank flows Into Moab Marsh along the left llde of the channel llgnitlcantly 
reduce the*• on the rfght channel bank adjaeent to.th• tallngs pile at flawa 
greater than about 30,000 era. Hlstorfcal and tl•ld evidence Indicates that the 
dominant proceu along th• right bank of the river ha bHn lateral accrdon of 
1ediment1 and not bank erollan. 

5. The aver1ge flow vel~ In the right overblnk near th• tal&ngs pile, predicted bf 
the hy~rauBc model used for this study, wu Ina thin 1 fpl and th• maximum 
predlcfecf velocity directly adjacent to the toe of the tilings pile wu appraxlrnat91y 
1.e fps. These results ,,. not lfgnitleantly dlff•rent from the velocltln med by 
Canonle In designing toe protection for the embankment In the '9clamatfan plan. 

e. 

7. 

over 95 percent of the total work an the channel banks, which considers both the 
. magnitude and duration of ftowa. on an average. annual balll occurs at discharg• 
lea than the banlcful ftow of approximately 40,000 era. Because of the hydraulc 
effects discuaed In 4. lbov1~ the contrtbullon of flowa aaoclated with unme 
flood events II expected to be mlnlmll. 

Historical evidence Indicates that the channel II not prn1nt1y migrating In the 
direction . of the tallngs pile. Prfor ·to· fdn of the left bank lev• In the 
approximate k>cation of croa section 5 In 1 DIM, th• shear atrea on the right bank 
would have been higher than It II under current condltlona or befor. the lev•• was 

e.1 
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conatrucUd becll ... flaWI up to about 70,000 da ..... COlalned within the 
channel.. Field and hiltorfcal ~·nee ~- M ~- under the ptMwM 
r.tkn condition. the doninllll proc111 wa lamral •ccnlfon on the ~ht a.nit. 

Since the flows th8t occur In th• river on a fNquant b.ula •N ruponslble for 
virtually all of tlli work done on th• channel banks a_nd th• physical factors 

- that cauH higher flows to axart nry little strUa on the right bank •N 
permanent faaturu related to th• geology of th• site, th•N la no reuon to 

. . b•ll•n that. t8ndency for lateral migration of the rfnr toward th• talllng• 
plla will oceur In the tutu ... 
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We trust that the response~ to the comments adequately address the issues of 
concern. If you have any questions concerning this submittal, please call me at (303) 
825-1200. 

Sincerely, 

~~~~~=-4'.r-i~~<TT ,etr-.t~/ g~b'<IVjh 
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NRC Request for Information - November 4, 1994 

Atlas Corporation Reclamation Plan 
ranium Mill and Tailings 
isposal Ar.ea 

CanonieEnvironmental 



PARTIAL RESPONSE TO NUCLEAR REGULATORY COMMISSION 

REQUEST FOR INFORMATION 
-REVISED RECLAMATION PLAN REVIEW 

NOVEMBER 4, 1994 
GEOMORPHIC QUESTIONS AND COMMENTS, 

SURFACE WATER HYDROLOGY I EROSION 
PROTECTION QUESTIONS AND COMMENTS, AND 

CLARIFICATION AND INFORMATION ON 
RADON ATTENUATION DESIGN ISSUES 

RECLAMATION PLAN 
URANIUM MILL TAILINGS SITE 

MOAB, UTAH 

INTRODUCTION 

Canonie Environmental Services Corp. (Canonie}, as a contractor for Atlas Corporatron 

(Atlas), has prepared a response to the Nuclear Regulatory Commission's (NRC's) 

November 4, 1994, request for information for the Revised Reclamation Plan at Atlas' · 

Moab, Utah Uranium Mill Tailings site. This response is a partial response addressing 

the geomorphic, surface water hydrology/erosion protection and radon attenuation 

issues. The response to seismic and geology issues will be submitted under separate 

cover at a later, yet to be identified, date. In the following pages each request for 

information is restated verbatim and a response for each request is provided. 

GEOMORPHIC QUESTIONS AND COMMENTS 

NRC Comment 

The following questions and comments are based on staff review of "Geomorphic, 

Hydraulic, and Lateral Migration Characteristics of the Colorado River Moab, Utah," 

dated May, 1994. This report was submitted by Atlas in response to NRC staff 

questions r~ga:-ding tlie pot~ntial for the Colorado River. ~o migrate toward the tailings 

pile. 

Staff review of the information provided in the report indicates th~t the important 

erosion or depositional processes that are ongoing at the site have not been 
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adequately quantified. The report provides some observations that are pertinent to -the stability of the Colorado River, but does not provide a definitive technical basis for 

concluding that the pile will not be affected for 1000 years to the extent reasonably 

achievable, and, in any case, for a least 200 years. The staff concludes that a 

significant amount of additional information and analyses will need to be provided in 

the following areas to substantiate that lateral migration of the river will not affect the 

stability of the pile: 

( 1 ) 

(2) 

(3) 

(4) 

Previous locations of the river channel across the valley floor and the potential 

for future movement or meandering; 

Resistance to erosion and migration provided by the properties of the channel 

·bank and floodplain; 

Rates of lateral erosion, migration, or aggradation; 

Effects of other processes, such as sloughing and slumping, which could lead 

to channel migration; 

(5) Dating of alluvial deposits in the area to establish evidence rf stability; and 

(6) Effects of salt dissolution and/or subsidence on the location of the river 

channel. 

Further discussion of additional information and analyses needed in these areas are 

provided in Comments 1-6, below. 

It is also important to note that other options may be available, if channel stability 

cannot be demonstrated. For example, the riprap on the side slopes and toe of the 

pile could be designed to resist the Colorado River channel velocities which would be 

assumed to occur in the immediate vicinity of the tailings pile. If Atlas chooses this 

option to design the side slope and toe for river migration, additional iriformation and 

analyses will need to be provided to substantiate the design of the additional erosion 

protection. 
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1. Potential for C_hannel Migration and Meandering 

The report indicates that bedrock inlet and outlet conditions in the Spanish Valley will 

restrain the movement of the river channel, such that the ability of the river to develop 

a sinuous platform is constrained. However, based on observations and map study 

of the area, it appears that the river channel has moved and has occupied different 

locations across the valley at various times. Even though there may be constraints 

for meandering, it appears possible that the river could simply migrate toward the 

tailings pile on this outside bend in the river . 

Additional information and analyses should be provided to substantiate the claim for . 

channel stability. Atlas ·should provide further detailed discussions of why the river 

has a low potential for meandering given the bedrock constraints, why the distance 

between bedrock constraints through this reach of the river is insufficient to develop . 

meanders, why the channel bank will not erode toward the pile, and why previous 

locations of th& river channel are not important with respect to assessing the stability 

of the river for 1000 years to the extent reasonably achievable, and, in any case, for 

at least 200 years. 

2. Resistan .... e of Channel Banks to Erosion 

The report indicates that the sediment transported by Moab Wash and Courthouse 

Wash includes some very coarse material that is buried beneath the site and is evident 

in the toe of the river bank adjacent to the tailings pile. At the present time, 

quantitative evidence of the presence and extent of the material has not been 

provided. Therefore, it is not clear exactly where this material is located or exactly 

how coarse the material is. The staff notes that.the excavated banks of the current 

relocated Moab Wash channel (excavated several years ago) contairis very little 

evidence of coarse material. Further, evidence of the size and gradation of the 

material, such as gradation curves of the riverbank deposits, have not been provided 

to illustrate the coarseness of the material. . -

In add'.tion, the staff has recer. · · ·reviewed a photograph taken in 1985 which shows 

a dirt road along the bank of the river near the pile. Based on NRC staff site visits to 
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floodplain alluviu"2: More complicated methods are also available to date buried 

sediments. 

Atlas should consider the possibility of dating organic material in the alluvial deposits . 

. Such dating may help to establish with some confidence that the river channel is 

stable or will not unacceptably affect the tailings pile due to erosion. 

6. Effects of Salt Dissolution and Subsidence 

Based on a review of the geology of the area, it appears that salt dissolution and 

subsidence are active ongoing processes in the area, particularly in the site area at the 

northern end of the Moab-Spanish Valley. In "Quaternary Deposits in the Paradox 

Basin," Biggar, and others, indicate that Holocene subsidence may be indicated by the 

marshes present along the river and that the subsidence could be caused either by 

tectonism or by dissolution or migration of salt at depth. In "Quaternary Deposits and 

Soils in and Around Spanish Valley, Utah," Harden, and others, also indicate that 

ongoing subsidence at the lower end of Spanish Valley may be indicated by marshes 

present along the river. At the present time, it is not clear if these processes will have 

any effects on the location of the river channel. For example, if subsidence similar tc 

that which may have occurred in the Moab Marsh area occurred north of the river, the 

channel could shift to accommodate the lowering of ground surface. 

Atlas should provide additional information and discussion to document that shifting 

of the river channel, caused by local subsidence, will not occur to the extent that the 

pile could be unacceptably affected. 

Atlas Response 

Atlas and its contractors conclude that for the time frames under consideration 

(200 to 1,000 years) there is a very low potential for the Colo. ado River to 

migrate laterally and impact the tailings pile. A response to NRC's questions and 

comments has been prepared by Mussetter Engineeri~g, Inc. (MEI) and is included 

in this document as Appendix A. This response provides specific responses to 

NRC's concerns and highlights MEi's observations and analyses that back up the 
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conclusion th~t there is a very low potential for the Colorado River to migrate and 

impact the tailings pile. However, to alleviate the concerns of the' NRC and the 

local population with respect to this issue, Atlas has initiated a design change for 

the tailing pile toe and provisions for a rock apron to protect the pile from the 

potential for channel erosion. This design is discussed in the response to 

comments relating to Surface Water Hydrology/Erosion Protection (NRC Comment 

No. 2) provided later in this document . 

. . 

-. 
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The staff conclud_!S that the design of the rock-soil matrix should be modified to 

eliminate the soil portion and to increase the rock layer thickness to at least 4 inches. 

Alternately, the licensee should provide additional justification that the proposed riprap 

design is adequate to resolve the staff concerns discussed above. 

Atlas Resoonse 

Atlas will modify the reclamation plan to eliminate the soil portion of the 

proposed rock-soil matrix for the top slopes and increase the layer thickness to 

4 inches in the area designated for 1.3 inch 0 50 material (Figure 1 ). The area 

designated for 3.0 inch 0 50 material will have a thickness of 6 inches. The riprap 

design 0 50 (1.3 inches and 3.0 i·nches) will be placed in the areas as indica.tedcin 

Sheet 4 of 10 (included in the Figures section of this document). Table 5c of the 

Reclamation Plan provides the gradations for these rock layers. 

Atlas will develop a detailed Construction Quality Control Plan (CQCP) prior to the 

start of reclamation construction. The CQCP will be prepared in accordance with 

the specifications. 

• NRC Comment 

2. Aoronaoe Design 

The design of the rock for the apron/toe area is not considered to be acceptable. The 

rock size proposed for the toe is similar to the rock size for the side slopes. In 

general, the toe area will act as an energy dissipation area, producing turbulence and 

forces that need to be accounted for with an increased rock size. As the soil is 

eroded, erosion pockets and gullies will form, resulting in turbulence as the flow 

energy is dissipated. 

To resolve staff concerns, Atlas should design the l"ower portion of the toe to 

withstand turbulence which would be expected to occur during the design storr:n. 

U.S. Army Corps of Engineers design procedures typically include an ~pproximate 50 

percent increase in the shear force produced in areas where turbulehce is expected 
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(non-uniform flow_factor). If such an increase were applied, the resulting 0 50 rock size 

would increase from approximately 4 inches to approximately 6 inches. Such an 

increase would produce a design that would be acceptable to the staff. Alternately, 

Atlas should further justify that the design of the toe is adequate. 

It should be noted that there may be a potential for the Colorado River to migrate 

toward the tailings pile. As discussed in staff geomorphic comments, the design of 

the toe may need to be revised to accommodate the erosive forces produced if the 

river channel is assumed to be located directly against the slope of the tailings pile. 

If Atlas is not able to demonstrate stability of the river channel, the toe design should 

be revised. If such a redesign is performed, several factors should be taken into 

account. The design of the apron/toe should be based on the· following general 

concepts: ( 1) provide riprap of adequate size to be stable against overland flows 

produced by the design storm (PMP), with allowances for turbulence along the 

downstream purtion of the toe; (2) provide uniform and/or gentle grades along the 

apron and the adjacent ground surface such that runoff is distributed uniformly onto 

natural ground at a relatively low velocity, minimizing the potential for flow 
, I 

concentration and erosion; (3) provide riprap of adequate size to withstand expected 

river channel velocities, assuming that the channel has eroded and it located in the 

· -:imediate area of the toe; (4) provide riprap to resist the highest velocities and shear 

forces expected in the river channel (such velocities and shear forces may not occur 

during the PMF, but may occur at lesser river flows where the backwater effects of 

the Portal area are not present); and (5) provide an adequate apron length and 

quantity of rock which allows the rock to collapse into a stable configuration in the 

eroded river channel. 

Atlas should revise the toe design, as applicable. Alternately, Atlas should provide 

additional justification to document the adequacy of the current design . 

Atlas Response . -

As indicated in the response to the geomorphic questions and <:omments Atlas 

has revised the design of the tailings pile toe to accommodate ttfe erosive forces 
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produced sh~uld the Colorado River migrate toward the pile and the river channel 

is assumed to be located directly against the slope of the pile. The design 

consists of a launchable rock apron that, as the erosion occurs, the rock in the 

apron is undermined and rolls or slides down the slope to protect against 

additional erosion. The location of the apron is shown in Sheet 4 of 10 in the 

Figures section of this document. A design detail of the toe of the pile slope and 

the rock apron is shown on Sheet 5 of 10. 

The rock apron consists of an 11.2" 0 50 rock which is sized adequately to be 

stable against both overland flow and river velocities. The apron is 2.5 feet thick 

and 20 feet wide which provides an adequate volume of rock to collapse into a . 

stable configuration in the eroded channel. To account for turbulence at the toe, 

the 11.2" 0 50 rock has been extended approximately 5 feet up the tailings pile 

side slope. The apron will be constructed at the same slope as the existmg 

ground adjacent to the tailings pile to minimize flow concentration and erosion. 

The design calculations for the rock apron/toe design are provided in Appendix 

B. 

NRC Comment 

3. Design of Channel Outlet Protection 

The rock riprap for the outlets of the drainage channels appears to be somewhat 

undersized. Based on review of calculations provided in the January 1994 submittal, 

the size of the riprap to be placed at the outlets of the Southwest Drainage Channel 

and the Lower lmpoundment Drainage Channel was determined using the bottom 

slopes of the channels in the vicinity of the outlet. Use of this slope is not 

appropriate, because scour will occur to the overlying soil during a flood, and flows 

will discharge down the steeper slope of the buried cutoff wall. Therefore, the slope 

of the cutoff wall should be used to determine the rock size. The staff r.otcs that the 

proposed slope of the cutoff wall is approximately 1.2 vEfrtical (V) to 1 horizontal (H), 

accordirig to Sheet 6 of the design drawings dated May 18, 1994. (The staff notes 

that the slope may be incorrectly "''!signated, because the drawing als5> indicates that 

the slope will be flatter than the angle of repose of the rock.) The riprap sizes 
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As part of broader efforts to improve the effectiveness of the agency's programs and 

precesses. the Commission has critically reassessed its practices and procedures for 

conducting adjudicatory proceedings, within the framework of its existing Rules af Practice in 

10 C.F.R. Part 2, pnmarily Subpart G. With the potential institution of a number of proceedings 

in the next few years to consider applications to renew reactor operating licenses, to reflect 

restructuring in the eledric utility industry, and to license waste storage facilities, such 

assessment is particularly appropriate to ensure that agency proceedings are conducted 

efficiently and focus on issues germane to the proposed actions under consideration. In its 

review, the Commission has considered its existing policies and rules gcveming adjudicatory 

proceedings, recent experience and criticism of agency proceedings, and innovative 

techniques used by our own hearing beards and presiding officers and by other tribunals. 

Although current rules and policies provide means ta achieve a prompt and fair resolution of 

proceedings, the Commission is directing its hearing boards and presiding officers to employ 

certain measures described in this policy statement ta ensure the efficient conduct of 

proceedings. 
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Tne Commission continues to endorse the guidance in its current policy, issued in 1981. 

on the conduct of adjudiCatcry proceedings Statement of Policy on Conduct of Licensing 

Proceedings, CLl-81-8,13 NRC 452 {May 20, 1981): 46 Fed. Reg. 28,533 (May 27, 1981). The 

1981 policy statement prcvided guidance to the Atomic Safety and Licensing Boards (licensing 

boards) on the use cf fools, such as the establishment and adherence to reasonable schedules 

and discovery management, intended to reduce the time fer completing licensing proceedings 

while ensuring that hearings were fair and produced adequate records, Now, as then. the 

• commission's objectives are to provide a fair hearing process, to avoid unnecessary delays in 

the NRC's review and hearing processes, and to produce an informed adjudicatory record that 

supports agency decision making on matters related to the NRC's responsibilities for protecting 

public health and safety, the common defense and security, and the environment. In this 

context, the opportunity far hearing should be a meaningful cne that focuses on genuine issues 
. . . . 

and real disputes regarding agency actions subject to adjudlcaticn. By the same token, 

however, applicants for a license are also entitled to a prompt resolution of disputes canceming 

their applications. 

Tlie Commission emphasiZes its expectation that the boards will enforce adherence to 

the hearing procedures set forth in the Commission's Rules of Practice in 10 C.F.R. Part 2, as 

interpreted by the Commission. In addition, the Commission has identified certain specific 

-aPproaches for its boards to consider Implementing in individual proceedings, if appropriate, to 

reduce the time for completing licensing and other proceedings. The measures suggested in 

this policy statement can be accomplished within the framework of the Commission's existing 

Rules of Practice. The Commission may consider fUrther changes ta the Rules cf Practice as 

appropriate to enable additional improvements tc the adjudicatory process. 
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II. SPECIFIC GUIDANCE 

Current adjudicatory procedures and pclicles provide a latitude to the Commission, its 

licensing boards and presiding officers to instill discipline in the hearing process and ensure a 

prompt yet fair resolution of contested issues in adjudicatory proceedings, In the 1981 policy 

statement, the Commission encouraged licensing boards to use a number of techniques for 

effective case management including: setting reasonable schedules for proceedings; 

consolidating parties; encouraging negotiation and settlement conferences; carefully managing 

and supervising discovery; issL1lng timely rulings on preheanng matters: requiring trial briefs, 

pre-filed testimony, and cross.examination plans; and issuing initial decisions as soon as 

practicable after the parties file_ proposed findings of fact and conclusions of law. Licensing 

beards and presiding officers in current NRC adjudications use many of these techniques, and 

should continue to do so. 

As set forth below. the Commission has identifled several of these techniques, as 

applied in the context of the current Rules of Practice in 10 C.F.R.. Part 2, as well as variations 

• in procedure permitted under the current Rules of Practice that licensing beards should apply to 

proceedings. The Commission also intends to exercise its inherent supeNisory authority, 

Including Its power to assume part or all of the functions of the presiding officer in a ;:·1en 

adjudication, as appropriate In the context of a particular proceeding. See, e.g., Public Service 

Ca. of New Hampshire {Seabrook Station, Units 1 and 2), CLl-90-3, 31 NRC 2191 229 (1990). 

The Commission intends to promptly respond tc adjudicatory matters placed before it. and such· 

matters should ordinarily take priority over other actions before the Commissioners. · 
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1. Hearing Schedules 

~ The Commission- expects licensing boards to establish schedules for promptly deciding 

the issues before them, with due regard to the complexity of the contested issues and the 

interests of the parties. The Commission's regulations in 10 C.F.R. § 2.718 provide licensing 

·boards au powers n~cessary to regulate the course of proceedings, including the authority to 

set schedules, resolve discavery disputes, and take other action appropriate to avoid delay. 

Powers granted under sectfon 2.718 are sufficient for licensing boards to control the 

• supplementj:jtion of petitions fer leave to intervene or requests fer hearing, the filing of 

contentions, discovery, dispositive motions, hearings, and the submission of findings of fad and 

conclusions of law. 

Many previsions in Part 2 establish schedules for various filings, which can be varied "as-

otherwise ordered by the presiding officer! Boards should exercise their authority under these 

options and 10 C.F.R. § 2;718 to shorten the.tiling and respa~se times set forth in the 

regulations to the extent practical in a specific proceeding. In addition, where such latitude is 

not explicitly afforded, as well as in instances in which sequential (rather than simultaneous) 

filings are provided tor, boards should explore with the parties all reasonable approaches to 

reduce response times an~ to provide for simultaneaua filing of documents. 

Although current regulations do not speclflcally address service by electronic means, 

licensing boards, as they have in other proceedings, should establish procedures for electronic 

filing with appropr1ate flltng deadlines, unless doing so would significantly deprive a party of an 

opportunity to participate meaningfully in the praceecting. other expedited farms af seNice of 

documents in proceedings may also be appropriate. The Commission encourages the licensing 

boards to consider the use of new technologies to expedite proceedings as those technologies 

become available. 
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Boards should forego the use cf motions for summary disposition, except upon a written 

flnding that such a motian will likely substantially reduce the number of issues to be decided, or 

otherwise expedite the proceeding. In addition, any evidentiary hearing should net commence 

before completion of the staff's Safety evaluation Report (SER) or Final Environmental 

Statement (FES) regarding an application, unless the presiding officer finds that beginning 

earlier, e.g., by starting the hearing with respect to safety issues prior to issuance of the SER, 

will indeed expedite the proceeding, taking into accaunt the effect of going forward on the staff's 

ability to complete its evaluations in a timely manner. Beards are strongly encoun:)ged to 

expedite the issuance of lnter1ocutory rulings. The Commission further strongly encourages 

presiding officers to issue decisions within 50 days after the parties file the last pleadings 

permitted by the board's schedule for the proceeding. 

Appointment of additional presiding officers or licensing boards to preside over discrete 

issues simultaneously in a proceeding has the potential to expedite the process, and the Chief 

Administrative Judge of the Atomic Safety and Licensing Board Panel (ASLBP) should consider 

this measure under appropriate circumstances. In doing so, however, the Commission expects 

the Chief Administrative Judge to exercise the authority to establish multiple boards only 

if: (1) the proceeding invuives discrete and severable issues; (2) the issues can be more 

expeditiously handled by multiple boards than by a single board; and (3) the multiple boards 

can conduct the proceeding in a manner that will not unduly burden the parties. PriVata Fuel 

Storage, L.L.C. (Private Fuel Storage Faclllty), CLl-98-7, 47 NRC _ (1998). 

The Commission itself may set milestone• for the ccmpletion of proceedings. If the 

Commission sets milestones in a particular proceeding and the beard determines that any 

single milestone could be missed by more than 30 days-!""the licensing board must promptly so 
' . 

inform the Commission In writing. The.board should explain why the milestone cannot be met 
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and what measures the board will take insofar as is possible to restore the proceeding to the 

overall schedule. 

2. Parties' Obligations 

Although the Commission expects its licensing boards to set and adhere tc reasonable 

schedules for the various steps in the hearing process, the Commission recognizes that the 

boards will be unable to achieve the objectives cf this policy statement unless the parties satisfy 

their obligations. The p...rties to a proceeding, therefore, are expected ta adhere ta the time 

frames specified in the Rules cf Practice in 1 O C.F.R. Part 2 fer flllng and the scheduling orders 

in the proceeding. As set forth in the 1981 policy statementi the licensing boards are expected 

to take appropriate actions to enforce ccmpllance with these schedules. The Commission. of 

'="'"'"" 
course, recognizes that the boards may grant extensions of time under some circumstances, 

but this should be done only when warranted by unavoidable and extreme circumstances. 

Parties are also obllgated in their filings before the beard and the Commission to ensure 

that their arguments and assertions are supported by appropriate and accurate references to 

legal authority and factual basis, including, as appropriate, citation to the record. Failure to do 

so may result in material being stricken from the reccrd or, in extreme circumstances, in a 

party being dismissed. 

3. Contenttons 

Currently, in proceedings governed by the previsions of Subpart C3, 10 C.F.R. 

§ 2.714{b)(2)(iii) requires that a petitioner for intervention shall provide sufflcient·lnformation to 

.. 
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shew that a genuine dispute exists with the applicant on a material issue of law or fact.' The 

Commission has stated-that a beard may appropriately view a petitioner's support for its 

contention in a light that is favorable to the petitioner, but the board cannot do so by ignoring 

the requirements set forth in section 2.714(b)(2). Arizona Pub/le SstVice Co. (Palo Verde 

Nuclear Generating Station, Units 1, 2, and 3), CLl-91·12, 34 NRC 149, 155 (1991). The 

Commission re .. emphasizes that licensing boards should continue to require adherence to 

section 2.714(b)(2), and that the burden of coming forward with admissible contentions is on 

their proponent. A contention's proponent, not the licensing board, is responeible for 

formulating the contention and providing the necessary information to satisfy the basis 

requirement for the admission of contentions in 10 C.F.R. § 2.714(b)(2). The scope of a 

proceeding, and, as a consequence, the scope of contentions that may be admitted, is limited 

by the nature of the application and pertinent Commission regulations. For example, with 

respect to license renewal, under the governing regulations in 10 C.F.R. Part 54, the review of . 

license renewal applications is confined to matters relevant to the extended period of operation 

requested by the applicant. The safety review is limited to the plant systems, structures, and 

components (as delineated in 1 O C.F.R. § 54,4) that will require an aging management review 

for the period of extended operation or are subject to an evaluation of time-limited aging 

analyses. See 10 C.F.R. §§ 54.21{&) and {c), 54.29, and 54.30. In addition, the review of 

environmental issues is limited by rule by the generic findings in NUREG-1427, "Generic 

1 "[A]t the contention filing stage[,] the factual support necessary to shaw that a genuine 
dispute exists need not be in affidavit or formal evidentiary form and need not be of the quality 
necessary to withstand a summary disposition motion." Rules of Practice for Domestic Licensing 
Proceedings-Procedural Changes in· the Hearing Procesa, Final Rule, 54 Feet Reg. 33, 168, 
33, 17i (Aug. 11, 1989). 
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Environmental Impact S~ment (GEIS) for License Renewal of Nuclear Plants.· Sea 

10 C.F.R. §§ 55.71 (d) aRd 51.95(c). 

Under the Commission's Rules of Practice, a licensing board may consider matters on 

its motion only where it finds that a serious safety, environmental, or common defense and 

security matter exists. 10 C.F.Ft § 2.760a. Such authority is to be exercised only In 

extraordinary cin:umstancea. If a board decides to raise matters on its own initiative, a copy cf 

its ruling, setting forth in general terms its reasons, must be transmitted to the Commission and 

e General Counsel. 7 exas Utilities Generating Co. (Comanche r-eak Steam Electric Station, 

nits 1and2), CLl-81-24, 14 NRC 614 (1981). The board may not proceed further with sua 

sponte issues absent the Commission's approval. The sccpe of a particular proceeding is 

limited to the scope of the admitted contentions and any issues the Commission authorizes the 

board to raise sua sponte. 

. - Currently, 10 C.f.R. § 2.714a allow5 a party tc appeal a ruling on contentions only if 

(a) the order wholly denies a petition for leave to Intervene (i.e., the order denies the petitioner's 

aanding or the admission of all of a petitioner's contentions) or (b) a party ether than the 

~titioner alleges that a petition for leave to intervene or a request for a hearing should have 

been wholly denied. Although the regulation reflects the Commission's general policy to 

minimize intertccutory review, under this practice, some novel Issues that could benefit from 

early Commission review will nat be presented tc the Commission. For example, matters cf 

first impression involvfng interpretation of 10 C.F.R. Part 54 may arise as the staff and licensing 

board begin considering applications for renewal of power reactor operating licenses. 

Accordingly, the Commission encourages the licensing boards tc refer rulings or certify 

questions on proposed contentions involving novel issues ta the chmmiseian in acccrdance 

with 10 C.F.R: § 2.730(t') early in the proceeding. In addition, boards are encouraged to certify 



• 

{3.19'38 10: 09=ll'I 
N0.458 P.10/12 

I , 
- 9. 

ncvel legal or policy questions related to admitted issues to the Commission as early as 

possible in the proceeding, The Commission may also exercise its authority to direct 

certification of such particular questions under 10 C.F.R. § 2.718(i). The Commission. however. 

will evaluate any matter put before it ta ensure that interlocutory review is warranted. 

4. Discovery Management 

Efficient management of the pre .. trlal discovery precess is critical to the overall progress 

of a proceeding. Because a great dea. of information on a particular application is routinely 

placed in the agency's public document rocms, Commission regulations already limit discovery 

against the staff. See, e.g., 10 C.F.R. §§ 2.720(h), 2.744. Under the existing practice, however, 

the staff frequently agrees to discovery without waiving its rights ta object ta discovery under 

the rules, and refers any discovery requests it finds objectionable to the board for resolutfon. 

This practice remains ~_cceptabl.e. 

Application in a particular case cf procedures similar to provisions in the 1993 

• amendments to Rule 26 of the Federal Rules of CMI Prccedul"ll or Informal dlscavery can 

improve the efficiency of the discovery process among other parties. The 1993 amendments to 

Rula 26 provide, in part, that a party shall provide certain Information to other parties without 

waiting for a discovery request This Information includes the names and addresses, if known, 

of individuals likely to have discoverable infannation relevant to disputed facts and copies or 

descriptions, inctudlng location, of all documents or tangible things In the possession or control 

of the party that are relevant to the disputed facts. The Commission expects the licensing 

'· 
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boards to order similar dlsdosure (and pi!rtlnent updates) if appropriate in the circumstances of 

individual proceedings. With regard to the staff, such orders shall provide only that the staff 

identify the witnesses whose testimony the staff intends to present at nearing. The licensing 

boards should also consider requiring tf'le parties to specify the Issues for which discovery is 

necessary, if this may narrow the issues requiring discovery. 

Upon the board's completi~n of rulings on contentions, the staff will establish a case file 

containing the application and any amendments to It, and, as relevant ta the application. any 

NP.C report and any correspondence between the applicant and Lne NRC. Such a case file 

should be treated in the same manner as a hearing flle established pursuant to 10 C.F.R. 

§ 2.1231. Accordingly, the staff should make the case file available to all parties and should 

periodlcally update it. 

Except for establishment of the case file, generally the licensing board should suspend 

discovery against the staff until the staff issues its review documents ragarding the apptlcation. 
. . . . . . 

Unless the presiding officer has found that starting discovery against the staff' before the statrs 

review documents are issued wtll expedite the hearing, discovery against the staff on safety 

issues may commence upon issuance of the SER, and discavery an environmental issues upon 

issuance of the FES. Upon tssuance of an SER or FES regarding an appllcatlan. and 

consistent with such limitations as may be appropriate to protect proprietary or ether property 

withheld information, the staff should update the case file to include the SER and FES and any 

supporting documents relied upon in the SER or FE.Snot already Included In the ftle. 

The foregoing procedures should allaw the boards to set reasonable bounds and 

schedules for any remaining discovery, e.g., by limiting the number of rounds Of interrogatories 

or depositions or the time for completton af discovery, an~ therebv reduce the ttme spent in the 

preheafing stage of the hearing process. In particular, the board should allow only a single 
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round of discovery regarding admitted contentions related ta the SER or the FES, and the 

discovery respective to llach document should commence shortly after its issuance. 

Ill. CONCLUSION 

The Commission reiterates its long-standing commitment to the expeditious completion 

of adjudicatory proceedings while still ensuring that hearings are fair and produce an adequate 

record for decision. The Commission Intends to monitor its proceedings to ensura that they are 

being concluded in a fair and timely fashion. The Commission will take action In individual 

• proceedings, as appropriate, to provide guidance to the boards and parties and ta decide 

issues in the interest of a prompt and effective resolution af the matters set for adjudication. 

Dated at Rockville, Maryland, 
this~ day of July. 1998. 

For the Commission 

GJ,_ ;µ:;.. l/r ;;r:r": C. ct<---:' 
Annette Vietti-Cook 

Assistant Secretary of the Commission 
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TECHNICAL EVALUATION OF ATLAS EROSION PROTECTION APRON 

1. INTRODUCTION 

In 1997, the NRC staff issued a Final Technical Evaluation Report (TER) (NRC, 1997), 
summarizing its evaluation of technical issues related to Atlas Corporations's proposed 
reclamation plan for the uranium mill tailings pile near Moab, Utah. Among the issues 
considered was the ability of the proposed erosion protection design to prevent erosion from 
various flooding events over long periods of time. One of the features of the erosion 
protection design evaluated in the TER was the ability of the self-launching rock apron to 
prevent erosion of the tailings if the Colorado River were to migrate to the pile. 

· In the TER, the staff concluded that the rock apron provided adequate protection for the 
reclaimed tailings pile, in the unlikely event that the Colorado River migrated several hundred 
feet and reached the toe of the pile. Recently, the adequacy of the apron design was 
questioned by the Utah Division of Radiation Control (DRC) and the Grand County Council 
(GCC). In addition, the GCC funded a report developed by the United States Army Corps of 
Engineers (COE) that indicated that the rock apron had not been designed properly: The 
GCC also solicited the opinions of vegetation and geomorphic experts and provided those 
opinions to the DRC. These reports, questions, anc;f comments were transmitted to the NRC 
staff by DRC by letters dated November 10, 1997 and January 9, 1998. 

Because the 1997 TER only summarized the NRC staff review of the apron, this . 
supplemental report tias been developed to address in defail tlie questions and concerns 
raise,d by public review of the TER and the rock apron. This evaluation will address specific 
details of the staff· review and will provide the technical basis for the staffs conclusions of the 
adequacy of the apron. This report will also address the issues raised by the GCC, COE, 
and State of Utah DRC. Specific· topics that will be addressed include: (1) evaluation of the 
potential for erosion and migration of the Colorado River, including evaluations of actual 
river erosion and need for large riprap; (2) evaluation of riprap needed for the side slopes to 
protect from overland or overtopping flows; (3) evaluation of rip rap size needed to protect the 
side slope from velocities in the river; (4) evaluation of rock volume needed; (5) re-· 
evaluation of river velocities, indicating that the design velocity is actually less than 
previously assumed; (6) evaluation of increased vegetation/tamarisk growth and the effects 
on flow velocities; (7) evaluation of COE design procedures, including specific discussions of 
scour depth, design velocities, and analytical methods; (8) evaluation of potential for 
cohesive soils to affect the performance of the rock apron; (9) discussions of reasonable 
assurance, NRC staff review procedures and regulatory requirements; (10) discussion of 
post-licensing monitoring and maintenance; and (11) evaluation of other conservatisms in 
the design. Each of these fa.ctors is discussed below in a degree of detail that was not 
provided in the TER. In addition, specific contentions and questions raised by the GCC, 
COE, and/or DRC are addressed, as applicable. 

2. SUMMARY OF STAFF EVALUATION 

Based on the review of information and technical analyses provided by Atlas in the 
reclamation plan and independent analyses of the erosion protection design, the staff 
concludes that the design of the rock apron for the Atlas site is acceptable. Staff ~pproval of 
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the rock apron design is based on independent analyses that indicate that the rock size and 
rock volume provided for the apron are larger than required to meet the requirements of 1 O 
CFR Part 40 Appendix A. Although the calculations provided in the reclamation plan are 
somewhat confusing, Atlas proposes to provide a volume of rock for the apron of 50 cubic 
feet per foot of length (tt=1/ft), based on a· rock size on the side slope of 4 inches. Using 
conservative analyses, Atlas increased the rock size to about 11 inches for the apron. 
Independent staff analyses indicate that only 34 ft3/ft of 2.9-inch rock would provide the 
necessary protection for the side slope. If Atlas had proposed 50 ft3/ft of 4-inch rock for the 
apron, the staff would have concluded that the design was acceptable, because Atlas would 
be providing a rock siz~ and rock volume that are larger than required. Therefore, the staff 

·concludes that the design is not only acceptable, but is also conservative. 

Staff review and analyses of the apron design can be summarized as follows: 

A. A conservative approach was taken by Atlas in its reclamation plan by assuming that 
the Colorado River would migrate to the tailings pile and by designing the erosion 
protection apron to account for that event. This approach eliminated the need to 
conduct a detailed analysis of river migration and provides a design that is more 
conservative than the reasonable assurance requirements imposed by 10 CFR Part 
40, Appendix A. Further, the staff concludes that river migration is unlikely, based 
on the opinions and conclusions of expert geomorphologists, independent analyses 
of aerial photographs depicting channel bank stability, and independent on-site 
examinations of the river banks. The staff also concludes that the current stability of 

, the river banks is. sufficient evidence that extensive riprap protection is not required to 
· prevent erosion, based on the fact that a flood approximating the worst-case design 

flood recently occurred and did not cause significant erosion or scouring near the 
banks. This evidence supports the staffs conclusion that large riprap sizes, such as 
those recommended by COE, are not likely to be necessary. Section 3.1 of this. 
report further discusses the bases supporting this conclusion. 

B. The rock size of 11 inches proposed by Atlas for the rock apron is acceptable. 

c. 

Although the calculations presented in Appendix 0 of the reclamation plan {Atlas, 
1996) can be confusing, the design of the rock for the apron was based on the use of 
4-inch rock. This rock size was used to compute the volume requirements for the 
apron. Independent analyses performed by the staff using recently-developed design 
methods indicate that the required rock size to resist overtopping (overland) flows 
down the launched rock side slope is approximately 2.9 inches. A rock size of 4.0 
inches will resist a flow about 2 1/2 times larger than the total runoff from the 
probable maximum precipitation {PMP), thus representing consideration of a 
significant flow concentration factor. The staff recognizes that the calculations and 
analyses presented in Appendix 0 may be confusing. However, the staff based its 
approval of the licensee's design on its independent analyses and did not rely on the 
calculations in Appendix 0. Section 3.2 of this report discusses the methods used by 
the staff to check the rock sizes and to determine the conservatism of Atlas' 
proposed design. 

Independent analyses performed by the staff using COE design procedures indicate 
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that a rock size of about 2.4 inches is required to resist velocities produced by the 
Colorado River on the collapsed rock apron. This calculated rock size is based on 
the most conservative calculated channel velocity of 6.9 feet per second (ft/sec) and 
considers the effects of channel curvature and increased shear forces on the outside 
of channel bends. Section 3.3 of. this report provides further discussion and details of 
the staff analyses. 

D. The volume of rock provided for the apron is adequate. The calculation of rock 
volume, as presented in Appendix 0 of the reclamation plan, was based on the use 
of 4-inch rock for the side slope. Although these calculations are somewhat 
confusing, Atlas proposes to provide a volume of rock for the apron of 50 cubic feet 
per foot of length (ft3/ft), based on a rock size on the side slope of 4 inches. Using 
conservative analyses, Atlas increased the rock size to about 11 inches for the apron. 
Independent staff analyses indicate that only 34 ft3/ft of 2.9-inch rock would provide 
the necessary protection for the side slope. If Atlas had proposed 50 ft3/ft of 4-inch 
rock for the apron, the staff would have concluded that the design was acceptable. 
Because Atlas intends to provide rock that is larger than required and to provide a 
volume larger than required, the staff concludes that the design is not only · 
acceptable, but is conservative. The staff also concludes that an equivalent volume 
of 11-inch rock will provide acceptable protection to the side slope. The staff agrees 
with COE that uniform coverage of the slope may be difficult to achieve with this large 
rock. Smaller, well-graded rock, with approximately the same volume, could be used 
in the apron to achieve better siope coverage after launching occurs. Section 3.4 

, provides further clarification of the staff analyses. 

E. Based on independent calculations, the staff concludes that the maximum river 
velocity that should be used for the design of the apron is approximately 5.2 feet per 
second (ft/sec). Using the HEC-2 model, the staff recalculated the channel velocity 
using a more appropriate channel width. Based on this reevaluation, the staff 
concludes that the use of a velocity of 5.2 ft/sec is more appropriate than the use of a 
velocity of 6.8 or 6.9 ft/sec. If a value of 5.2 ft/sec is used, rather than the value of 
6.8 ft/sec used by COE, the resulting rock size for the apron is approximately 4 
inches. Based on these independent analyses, the staff concludes that design is 
acceptable, even if the COE procedure is used. See Section 3.5 for additional 
details. 

F. Based on independent analyses using increased roughness values in the floodplain 
and overbank areas, the staff concludes that the potentially increased density of 
vegetation and tamarisks in the floodplains of the river will not significantly affect river 
velocities. Staff computations indicate that the maximum velocity will be only slightly 
increased in the river channel near the tailings pile. Based on staff experience with 
vegetated floodplains and the widespread use of vegetation to stabilize channel 
banks, it is also likely that increased vegetation density of the river will increase the 
erosion resistance of the channel banks and floodplain area near the tailings pile. 
See Section 3.6 of this report for further details. · 

Based on review of further information provided in the COE report, the staff concludes that 
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the COE report provides a very conservative interpretation of the design conditions for the 
rock apron. Staff review of the information can be summarized as follows: 

G. The design parameters selected for use in the COE calculations of rock size are very 
conservative and may not reflect· conditions that will exist at the rock apron. 
Velocities, radii of curvature, and scour depths were based on conditions that exist 
upstream and do not exist in the vicinity of the apron. Actual velocities that would 
affect the. apron are smaller, and radii of curvature are greater in the vicinity of the 
apron. In addition, the methods used by COE to determine design velocities, 
increases in velocities in bends, and scour depths are conservative and incorporate 
large factors of safety that may not be necessary to provide reasonable assurance 
that Appendix A requirements are met. However, if less conservative, but likely, 
values of channel velocity and channel curvature are used in the COE method, the 
apron design proposed by Atlas is acceptable, even if all of the other COE safety 
factors are taken into account. Further details of staff analyses of the COE design 
procedure may be found in Section 3.7. 

H. Cohesive soils that could affect the performance of the apron are not significantly 
present, based on the examination of boring logs provided by Atlas. See Section 3.8 
for additional information. 

In addition, the staff concludes that various programmatic requirements are met by the 
proposed design. 

, 
l. The requirement of reasonable assurance of site stability for a period of 200-1000 

years is met by the proposed apron design. NRC has .developed standard review 
plans and uses design procedures that reflect an approach to tailings management 
that incorporates an appropriate level of safety. Section 3.9 of this report provides 
further discussions of the reasonable assurance requirement and the risks posed by 
uranium mill tailings. 

J. A post-licensing monitoring and maintenance program will be implemented for all 
Title I and Title II sites by the Department of Energy (DOE). As a licensee of the 
NRC, DOE is required by 10 CFR 40.28 to provide a long-term care program to 
assure that requirements are met and to assure that any unexpected problems 
occurring at the site will be promptly detected and mitigated. Although no credit is 
taken for such programs, the staff concludes that such programs further decrease the 
likelihood of river migration. See Section 3.10. 

K. Other conservatisms that are not immediately obvious are included in the design of 
the NRC-approved rock apron. See Section 3.11 of this report for additional 
information. 

3. DISCUSSION 

As discussed in the TER (NRC, 1997) , the staff considers that an adequate design has 
~-
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been provided for the apron to be placed at the toe of the Atlas tailings pile side slope near 
the Colorado River. This conclusion is based on many factors, including evaluation of 
design details that are very site specific. Because the design has been questioned by 
several parties, it has become necessary for the staff to provide the details of its review, 
including the site-specific details, that were only summarized in the 1997 TER. This report 
addresses issues raised by the various parties and provides an explanation of how those 
issues were considered. The staff recognizes that the information and calculations provided 
by Atlas in Appendix 0 of the reclamation plan are somewhat confusing. However, in the 
TER, the staff based its conclusions on analyses and evaluations of the licensee's proposal, 
independent of the supporting calculations in Appendix 0. 

· .The design of the rock apron at Atlas is affected by three principal factors: (1) the velocity or 
shear stress that is used in. various analytical methods to determine the rock size necessary 
to resist erosive forces; (2) the analytical methods that are used to determine rock size, 

· layer thickness, and rock volume; and (3) the estimated scour depth that is used to 
determine volume of rock needed in the apron. For each of these factors there may be 
several acceptable methods for estimating and calculating the parameters. Also, each 
parameter requires input data, based to a great extent on the assumed configuration of the 
river and other assumptions related to expected river velocities. · 

For many situations where streambank erosion is imminent, a bank configuration can be 
easily determined; based on observed· conditions. However, in this case, the main ~iver 
channel is hundreds of feet away and not threatening the tailings pile, and the apron must be 
designed for some future unknown configuration of the river. Therefore, the conservatism 
and the appropriateness of the assumed river configuration become very important. In 
making such assumptions, the staff is required by 10 CFR Part 40 Appendix A to have 
reasonable assurance of tailings stability. The staff is not required to make any 
determination with absolute certainty. Therefore, given the fact that river migration in itself is 
unlikely, the staff is required only to assume a reasonable configuration, not necessarily an 
extreme configuration that maximizes every design parameter or input to a riprap design 
method. 
To assess erosion protection, for example, a designer could assume various combinations of 
values of velocity, shear stress, radius of curvature, or other inputs to a design method and 
arrive at different estimates of rock size and rock volume. However, the staff considers it 
important to use input parameter values that can be reasonably expected to affect the apron 
(if the river migrated), not values that occur thousands of feet upstream or conditions that 
occur several miles downstream. For the Colorado River near the pile, the staff assumed 

. that the river would retain its principal characteristics, even though it had migrated. 
Recognizing that exact characteristics would be difficult to predict, the staff assumed that 
the river would retain the same width, depth, radius of curvature, and velocity. It is also 
possible that the river would migrate and develop characteristics such as increased width, 
decreased depth, decreased velocity, and increased radius of curvature. 

All designers realize that a considerable amount of judgment is necessary to predict design 
conditions, such as river configuration or river velocity. However, to provide reasonable 
assurance, it is not the position of the NRC staff to assume the most critical value for every 
input parameter that is used in the calculations. Reasonable assurance only requires that 
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input parameters be selected within a reasonably conservative range of values of the 
parameter. See Section 3.9 for further discussion of reasonable assurance and NRC 
review criteria. 

It should also be emphasized that there are many procedures for determining the rock sizes 
necessary to resist erosion. Over the years, various government agencies and individuals 
have developed procedures that best suit their needs, given the degree of conservatism 
necessary, the risk to public health and safety, and other factors, such as cost. Use of any 
specific one of those procedures, including the COE procedure, for determining rock size is 
not required. It should be recognized that different methods are used by different 
organizations and agencies. COE's special need to protect embankments, where erosion or 

· failure could jeopardize many lives behind those structures, are not necessarily the needs of 
designers to provide reasonable assurance of tailings stability or to meet the requirements of 
10 CFR Part 40 Appendix A. 

It should be pointed out that the staff does not consider the COE method to be incorrect. 
Rather, the staff considers that the input parameters selected for use in the method are 
overly conservative for this specific application and do not represent conditions that can 
reasonably be expected to occur if the river were to migrate to the rock apron. In this report, 
discussions of these design conditions will be provided, including the determination of scour 
depth, velocity to be used for design, and rock sizes and volumes required. For each of 
these parameters, various analytical methods, assu.mptions, and input parameters will be 
examined to show how the staff made its determination of acceptability and how and why the 
CQE _report· overestimates the· riprap sizes and quantity of rock required for the apron to 
provide reasonable assurance of tailings stability. · 

To reiterate the basis for staff acceptance of the apron design, the staff concluded that 34 
· ft31ft of 2.9-inch rock would provide acceptable protection for the collapsed (launched) side 

slope and river bank. Because Atlas proposed to use 50 ft3/ft of 11-inch rock, the staff 
concluded that Atlas' use of a larger volume of bigger rock exceeded the design 
requirements estimated by the staff. Further discussion and details of the complete staff 
review may be found in Section 3.1 through 3.11 of this report. 

3.1 Staff Analysis of Potential Erosion and Migration of the Colorado River 

· 1n the TER, the staff concluded that the potential for migration of the Colorado River was 
very low and provided several bases supporting that conclusion. One of the most important 

··analyses performed by the staff was its examination of aerial photographs taken over a 
period of about 47 years. In the TER, the staff indicated that aerial photographs had been 
examined and that the staff agreed with Mussetter and Harvey (Atlas, 1996,· Appendix N) 
that lateral accretion, rather than erosion, has occurred in some areas near the pile. 

At the request of Mr. Peter Haney of the GCC (GCC letter to NRC dated July 10, 1996), the 
staff examined aerial photographs and information provided by Mr. Haney. Mr. Haney 
indicated that his photographs and analysis clearly documented dramatic changes and 
movement of the banks of the river. Staff review of the historic photographs indicated, 
however, that there has been very little change in the banks of the river over the last 47 



7 

years. The right bank of the river has maintained its position relative to the tailings pile, and 
any changes that appear to have occurred are the result of movement of the central channel 
of the river, shifting around constantly-changing sand bars and alluvial deposits. In addition, 
the stage of the river (at the time of the photograph) can be misleading and can affect the 
location of the edge of the water surface that must be distinguished from the channel bank. 

Additional aerial photographs that were examined by the staff included photographs dated 
1950, 1955, 1975, ·1977,and 1995. Each photograph, other than the 1950 photograph 
(taken before the mill or tailings pile had been constructed), shows the tailings pile located 
hundreds of feet from an essentially unchanged river bank. For example, the intake 
structure where Atlas pumped water to the mill is evident in several of the photos, and the 

· river banks around the structure are similar over the time period. If anything, the right bank 
of the river has aggraded, as suggested by Mussetter and Harvey (Atlas, 1996, Appendix N). 
Mussetter and Harvey also stated that: "Review of available historical photographs indicates 
that the right bank segment between cross sections 5 and 6 has remained remarkably fixed 
spatially: (Emphasis added). 

The relative stability of the river banks is an important consideration in the design of the 
apron. This factor becomes extremely important in any specific case when design 
procedures of various agencies or individuals produce different answers or conclusions. In 

. the analysis of scour depths, riprap sizes, and riprap volume, for example, it becomes 
important to realistically assess the ability of the river to significantly erode its banks. To 
assess erosion, des.ign p"rocedures have been developed to cover a wide range of field · 
conditions, and to assure such coverage, conservatisms are introduced into the procedures. 
However, if the river bank in its natural state has experienced a design condition (or design 
flood) several times without significant erosion, it is unlikely that significant rock armoring is 
needed to protect the bank. Generic design analyses with conservative inputs may show 
that the bank needs erosion protection when such is not the case. Further, the assumptions 
used in computational procedures need to be examined in detail to assure· that they are 
applicable to the specific problem. Based on the information provided by Mussetter and 
Harvey (Atlas, 1996, Appendix N) and its own independent analyses, the staff concluded that 
very little erosion of the· river bank is occurring, despite repeated occurrences of floods that 
approach the maximum erosive force of the river. This conclusion was verified by the staff 
during several on-site inspections of the river by boat and by foot. Escorted by National Park 
Service rangers familiar with the river, the staff personally observed various areas of the 
river banks, islands, and sand bars. The staff specifically requested to be taken by boat to 
any areas along this reach of the river that were experiencing erosion problems. No 
extensive areas were found, and only one area where some minor sloughing had occurred 
was observed. 

Overall, the staff concludes that the likelihood of river migration is very low, based on the 
absence of lateral erosion of the channel banks over the last 45-50 years. Further, the staff 
concludes that the current stability of the river ba.nks is sufficient evidence that extensive 
riprap· protection ·is not required to prevent erosion, based on the fact that a flood 
approximating the worst-case design flood recently occurred and did not cause significant 
erosion or scouring near the banks. Along with evidence that repeated occurrences of 
smaller floods (with nearly the same erosive capability of the desig~ flood) do not ·cause 
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erosion, the staff concludes that large riprap sizes, such as those recommended by COE, 
are not necessary and that erosion and migration of the river are unlikely to occur . 

. Despite the information available on channel stability, a conservative approach was taken by 
Atlas in its reclamation plan by assuming that the Colorado River would migrate to the 
tailings pile and by designing the erosion protection apron to account for that event. This 
approach eliminated the need to conduct a detailed analysis of river migration and provides 
a design that exceeds the reasonable assurance requirements specified in 10 CFR Part 40, 
Appendix A. 

3.2 Staff Analysis of Riprap Design for Overland Flow 

The licensee's design of the rock apron is presented in Appendix 0 of the reclamation plan 
(Atlas, 1996) and was based on a 0 50 size of 4 inches for the side slope to resist overland 
flows. This 0 50 size was then used in the calculation of apron thickness and rock volume. 
Atlas modified the design of the side slope rock, but the design of the rock apron was not 
changed. Atlas' presentation of the apron design and the design calculations in Appendix 0 
are somewhat unclear, and the staff recognizes that these calculations could be 
misinterpreted. 

During review of the design, the staff determined th;at the 4-inch rock was acceptable to 
resist erosion from both river flows and overland flows, even though Atlas proposed to 
provide 11-inch rock for the collapsible apron. This conclusion was based on independent 
estimates using various procedures. 

In considering overland flows down the side slopes, the adequacy of the 4-inch rock for the 1 
Vertical (V) on 2 Horizontal (H) collapsed slope was verified by the staff using a procedure 
developed by Abt and Johnson (1991) specifically for overtopping or overland flows. The 
procedure was based on flume tests conducted at Colorado State University (CSU) during 
the late 1980s and early 1990s. The tests were conducted because the staff recognized that 

· use of the Stephenson Method for steep slopes resulted in rock sizes that were very · 
conservative for many overland flow applications. However, the studies were not finalized 
until after publication of staff guidance in the Final Staff Technical Position (FSTP) (NRC, 
1990); therefore, they were not included in the FSTP, and the Stephenson Method was 
recommended, because it was considered to be adequate and more appropriate than the 
Safety Factors Method for steep slopes. 

The method presented by Abt and Johnson uses the empirical relationship: 

where: 

050 = 5.23 5°·43 q0
.56 

0 50 is the required rock size, in inches, 
S is the side slope, and 
q is the flow rate per unit width, in cfslft 
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Using the licensee's computed flow rate of 0.434 cfs/ft (Atlas, 1996, Appendix 0), a slope of 
0.5 (1V on 2H, to represent the launched, collapsed slope), and a flow concentration factor 
of 1.35 (as recommended, to prevent stone movement), the required rock size was 
computed to 2.9 inches. Insofar as overland flows are concerned, the staff concluded that 
the 4-inch rock would be more than adequate to provide the necessary protection on the 
collapsed slope. The 4-inch rock is capable of resisting a flow rate of approximately 1.05 
cf sift, representing a flow concentration factor of about 2.4. 

In the letter report, the COE indicated that the Stephenson Method (Stephenson, 1979) 
appeared to be somewhat conservative. Using methods developed by other researchers, 
the COE estimated the required rock sizes for the 1V on 2H slope to be in the range of 2-3 
inches. The independent COE calculations are in close agreement with the rock sizes 
approved by the staff using the AbVJohnson method. 

The COE also indicated in its letter report that a flow concentration factor should be applied 
to the calculation of rock size. The staff considers that the AbVJohnson method is 
conservative and includes an appropriate allowance for flow concentrations. It should be 
pointed out that the staff is very familiar with the procedure developed by Abt and Johnson, 
since the research leading to this method was developed under an NRC contract. If the 
underlying research efforts are examined in detail, it can be seen that the design procedure 
incorporates a very large flow concentration factor, because the failure flow rates were 
actually based on the occurrence of concentrated flows. In general, failure occurred after 
flow had concentrated in a smaller width in the flume. For example, if a 3-inch rock failed 
with .a flow rate of 20 cfs averaged over a flume width of 10 feet (q= 2 cfs/ft), the actual 
failure of the rock occurred only when a large majority of the flow had channelized and 
concentrated into a width of less than about 4 feet (actual q = 5 cfs/ft). Therefore, a rock of 
this specific siz.e can resist a flow .rate of nearly 2.5 times the flow rate averaged over the 
flume width. For additional conservatism, Abt and Johnson recommend that the flow rate be 
multiplied by 1.35 to prevent any rock movement. Therefore, it can be seen that the design 
method is conservative and incorporates a significant factor of safety relative to flow 
concentrations. 

Based on the acceptability of the 4-inch rock, the staff did not review in detail the licensee's 
calculation of rock size using the Stephenson Method. Atlas proposed that the rock that 
would be used in the apron (to eventually launch onto the 1V on 2H collapsed side slope) 
would have a 0 50 of about 11 inches. The staff concluded that this rock size was acceptable 
because it was overdesigned by a factor of about 4, compared to the staffs independent 
estimate of 2.9 inches. 

In a letter dated November 4, 1997, the Utah DRC questioned the calculation of rock size 
using the Stephenson Method. ORC indicated that their independent use of the Stephenson 
Method indicated that a rock size of about 12.8 inches was more appropriate. The staff did · 
not perform an independent calculation or check the DRC calculation using this method, 
because a much smaller rock size was determined to be acceptable. However, it is the 
staffs experience that the Stephenson Method results in rock sizes that are very large, if the 
side slope angle approaches the assumed angle of repose of the rock layer. The 
Stephenson Method uses the difference in these two variables in the denominator of the 
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design equation. Thus, as the difference in angles approaches zero, the required rock size 
approaches infinity. Also, it is important to recognize that the AbUJohnson method has been 

· verified using studies conducted on steep slopes (Robinson: et al, 1995; Rice, et al, 1998). 
It has been determined that this method is valid for a wide range of rock sizes, slopes, and 
discharges. 

The AbUJohnson method will be included in a forthcoming revision to the NRC standard 
review plan and design guidance. The method will be published in NUREG-1623 and will be 
re.commended by the staff for overland flow on steep slopes. The document will also be 
made available for public comment. 

3.3 Independent Staff Calculations of Riprap Size Required for River Velocities 

In the TER, the staff indicated that the rock size proposed by Atlas was more than adequate 
to r~sist the expected erosive forces of the Colorado River. This conclusion was based on 
independent analyses performed by the staff to estimate the required rock size using three 
different methods. The staff concluded that 4-inch rock (actually 2.4-inch rock) was 
adequate to resist the velocities and shear stresses produced by the river. 

3.3.1 COE Shear Stress Method 

The first method used by the staff to check the riprap requirements is provided by the COE 
in the 1970 version of EM :I 110-2-16.01 (COE, 1970). These design procedures rely on a· . 
determination of the shear stress exerted on the riprap, based on the channel velocity. The 
basic equation for the determination of shear stress is expressed as follows (COE, 1970, 
Equation 31, page 40, or Plate 32): 

T = wV2
/ (32.6 log (12.2 yl0 so))2 

where: 

T = shear stress, in lb/ft2 

w = unit weight of water = 62.4 lb/ft3 

V = avera.ge channel velocity in the cross section, in fVsec 
y = depth of flow, in feet 
Dso = assumed size of riprap on the side slope, in feet 

Using the most critical flow parameters existing at cross sections 5 and 6 (Atlas, 1996, 
Appendix N) where: 

V = 6.9 feet per second, from cross-section 5; 
y = 21 feet, from cross section 6; 
Dso- 12 inches (Atlas proposed a size of 11.2 inches), 

The shear stress (T) is calculated to be: 
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T = 0.48 lb I ft3. 

Using Equation 33 in the COE manual, with a coefficient (a) of 0.04 and, a rock unit weight of 
165 lb/ft3, the required rock size can be determined using the formula: 

0 50 = TI 4.1, where D~ is in feet. 

Therefore, the 0 50 of the rock required to resist this shear force is calculated to be: 

0 50 = 0.48 I 4.1 = 0.12 feet or 1.4 inches. 

· Further, the 1970 COE guidance provides methods for estimating the maximum shear sfress 
and/or increases in the shear stress for locations at channel bends. The increase in shear 
stress is a function of the radius of curvature (R) of the bend and the width fY'I') of the 
channel. The value of R was derived from the information presented by Atlas in Appendix N 
of the reclamation plan (Atlas, 1996). From Figure 5.4 on page 5.8, the value of R between 
cross section 5 and cross section 6 is 7500 feet. The value of W was derived from page A.5 
and A.6, where the average channel width is about 1000 feet. The calculated value of R/W 
is therefore equal to 7500/1000, or 7.5. However, Plate 34 of the manu~I only provides 
shear stress ratios up to a maximum value of R/W equal to 5. (The lower the value of R/W, 
the greater the correction factor.) Therefore, this value was chosen as a conservative input. 

Using Plate 34 and a conservative R/W of 5, the factor for increasing the shear stress for 
the 9utside of the bend is about 1.5. This is also the approximate value derived from Figure 
5.1 of Appendix N of the reclamation plan, using Soil Conservation Service design methods. 
If this correction factor is applied to the calculated shear stress, the design shear stress is 
computed to be: 

T = 1.5 x 0.48 = 0.72 lb/ft2• 

Using COE procedures discussed above, the 0 50 size to resist this shear stress is calculated 
to be: 

0 50 = 0.72 / 4.1 = 0.18 ft or 2.1 inches. 

The COE manual also provide methods for determining a side slope correction factor, to 
apply the procedure to any side slope. Assuming a 1 V on 2H collapsed slope, the factor is 
determined to be 0.72 from Plate 36. However, the COE indicates that this value is too 

· conservative and recommends a value of 0.88 for a 1 V on 2H slope. Applying the side slope 
correction factor of 0.88 for a 1 V on 2H side slope, the required Dso is computed to be 2.1 I 
0.88, or 2.4 inches. 

The staff also considered the shear stresses determined by Mussetter and Harvey (Atlas, 
1996, Appendix N). In the report, a shear stress value was estimated to determine the work 
exerted on the banks of the river. Mussetter and Harvey estimated this value to be 
approximately 0.36 lblft2• Use of this value in the COE shear stress formula results in a 
calculated 0 50 of about 1.8 inches, applying similar bend stress increases and side slope 
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corrections. 

3.3.2 Basic Shear Stress Equations 

The staff also computed the peak shear stress and required 0 50 size using a basic shear 
stress equation (NRC, 1990): 

T=wyS 

where: T = shear stress in lb/ft3 

w = unit weight of water = 62.4 lb/ft3 

· y = depth of flow 
S = bottom slope or slope of energy grade line 

From HEC-2 calculations performed by Mussetter and Harvey (Atlas, 1996, Appendix N, 
page 8.21 ), the slope of the energy grade line at cross section 5 for a discharge of 70,300 
cfs is approximately 0.000287 ft/ft and the depth of flow is 22.84 feet. Cross section 5 was 
selected because it provides more conservative values of these parameters than cross 
section 6. Using these values from section 5 , the peak shear stress is computed to be 0.41 
lb/ft2• Applying factors of safety of 1.5 for bend shear and a side slope correction factor of 
0.88, the required 0 50 rock size is about 2.0 inches, using the COE procedures discussed 
above. 

, 
3.3.3. Abt and Johnson Method 

The staff also checked the calculations using a variation of the riprap design method 
developed by Ab~ and Johnson (1991 ). Johnson and Abt (1998) have also developed a 
design method and simple equation for estimating riprap requirements for channel flows. 
The equation for estimating rock size is given by: 

where: 

Dso = 5.23 50.0 qo.56 

0 50 is the required rock size, in inches, for the channel bottom, 
S is the bottom slope of the channel or slope of energy grade line, and 
q is the flow rate per unit width, in cfs/ft 

To illustrate this method, data from cross section 5 were once again used. The slope of the 
energy grade line for a flow of 70,300 cfs is 0.000287 and the width of the channel is about 
1000 feet. The resulting unit discharge of 70 cf sift was increased by a factor of 1.5 to 
account for localized increases in yelocity associated with the outside of bends. In addition,. 
the design method recommends that the unit discharge be increased by a factor of 1.35 to 
prevent stone movement, since the relationship was based on failure of riprap in flume 
studies. Applying both of these factors results in a flow rate of 1.5 x 1.35 x 70, or about 142 
cfs/ft. Using the design equation, the required 0 50 is computed to be 2.5 inches for the 
channel bottom. When the side slope .correction factor of 0.88 is applied, the required 0 50 for 
the 1 V on 2H side slope is computed to be 2.8 inches. · 
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3.3.4 Overall Assessment of Rock Size for Protection Against River Velocities 

Using three different methods for determining riprap size, the staff concludes that a rock size 
of about 2.9 inches is sufficiently large to "resist channel velocities of the Colorado River, with 
sufficient allowances made for the curvature of the channel. Each of the three methods 
used resulted in an approximate rock size ranging from 2-3 inches. The calculations are . 
considered to be conservative, because: (1) conservative estimates of the rnaximum channel 
velocity in the river were used, since the maximum velocity of 6.9 fVsec occurs upstream of 
the tailings pile, and the maximum velocity that will be exerted on the apron is probably more 
on the order of the computed velocity of 3.3 ft/sec at cross section 6 (based on water surface 
profile calculations by Atlas); (2) the R/W value of 5 used in the calculations is conservative, 

· because the actual R/W value is approximately 7.5 where the apron will be placed; and (3) 
adequate factors of safety have been applied in these calculations. 

3.4 Staff Evaluation of Rock Volume Requirements 

The volume of rock to be used in the rock apron (for a 1V on 2H slope) can be determined 
using COE design procedures, expressed by the formula: 

where: 

, 

V= 
D= 
T= 
SF.= 

Volume of rock required, in ft3 .per ft, 
Scour depth, in feet, 
Thickness of riprap layer, in feet, and 
Safety Factor to be applied. 

The value of D x (5)05 represents the length of the launched 1V on 2H slope, based on 
calculating the hypoteneuse of a right triangle. 

To check the rock volume calculations performed by Atlas, the staff used its independently-
. computed rock size of 2.9 inches and assumed that the required riprap layer thickness is 

twice this dimension, or 5.8 inches. (In fact, the staff routinely accepts the use of a layer 
thickness of 1 1/2 times the 0 50.) The scour depth was determined by Atlas using data from 
cross section 6 where the maximum depth of flow was computed to be 21 feet. Because this 
cros~ section was the only cross section that included the apron, the staff concluded that this 
maximum depth represented real data and was, therefore, the most appropriate. Additional 
discussion of scour depth, including the COE recommendation for use of a greater scour 
depth, may be found in Section 3.7.1 of this report. 

Using a scour depth of 21 feet, a layer thickness of 5.8/12 feet, and a safety factor of 1.5, the 
staff estimated the volume requirement to be 34 ft>/ft. Because Atlas proposed a volume of 
50 ft3/ft, the staff concluded that the volume proposed was acceptable . 

. · 
The COE points out that 50 ft>fft of 11-inch rock in the apron may not launch properly 
because some of the rocks in the layer will be larger than 11 inches, and the overall layer is 
likely to have some gaps or poor slope coverage. Even though the staff expects that the 
launched 11-inch rock would effectively prevent further erosion, the staff agrees with this 

--- -----------------------------------
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specific point and concludes that the rock would launch better and be more effective if the 
rock size were smaller and the overall rock layer was well-graded (and the current volume 
requirement of 50ft31ft is used). However, the staff concludes that the current design is 
acceptable. Further, because the staff does not agree that the rock size needs to be any 
larger than 2.9 inches, the current volume requirements are acceptable. The staff will 
discuss this specific issue with Atlas in the near future. 

3.5 Staff Re-evaluation of River Velocities 

In the COE report, the drop in calculated maximum channel velocity from 6.9 ft/sec (for Q= 
70300 cfs) at cross section 5 to 3.3 ft/sec at cross-section 6 was assumed not to persist, and 

· the COE recommended that the velocity immediately upstream of the tailings pile at cross
section 5 be used for design. On that basis, the COE selected a velocity of 6.8 ft/sec for use 
in computing the required riprap size. 

uring previous reviews, the staff determined that a velocity of 6.9 ft/sec was conservative. 
Because the COE questioned the drop in velocity and the velocity is such an important 
design parameter, the staff also determined that a detailed check of the estimate should be 
conducted. The purpose of this ct)eck was to determine if there were any specific reasons 
for the large difference in computed velocities between these adjacent cross sections. 

One reason for the decrease in channel velocity was the increase in overbank area and 
increase in overbank discharges (with corresponding reduction of channel discharge) 
betw~en the sections. However, this alone did not explain the large drop in channel velocity,. 

·particularly considering the backwater influence associated with the con·stricted Portal area 
downstream. Further analysis of the HEC-2 water surface profiles presented in Appendix N 
of the reclamation plan revealed a possible extra conservatism in the velocity analysis. 
Based on examination of cross sections 4,5, and 6, it appeared that the left bank of cross 

ction 5 had been conservatively coded in the HEC-2 program so that the assumed left 
ank of the river was actually the mid-channel island. In reality, the channel splits around 

the island. with a significant amount of the channel flow occurring in the portion of the 
channel south of the island. By assuming the left bank of the channel to be at the island, all 
of the flow that would occur in the channel south of the island was calculated to flow in the 
portion to the north. The HEC-2 model calculated a higher velocity to accomodate the flow 
in this artifically restricted channel. 

Using input data to the HEC-2 program presented in Appendix N of the reclamation plan on 
pages 8.4 and 8.5, the following determinations were made: 

at cross section 4, the channel width used by Atlas in the HEC-2 program was 843 feet; 
at cross section 5 the channel width was 413 feet; and 
at cross section 6, the channel width was 1074 feet. 

The width between channel banks can be easily determiped by subtracting the third and 
fourth fields of the X1 card for each channel section. These fields represent the horizontal. 
station of the left and ri_g~t banks of the channel. 

,

I 
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Based on examination of aerial photos and on-site observations, it is obvious that the river 
channel does not suddenly narrow to 400 feet at cross section 5, but actually splits the flow 
around both sides of the island. Therefore, the staff changed the left bank station at cross 
section 5 to 4000 to better reflect actual conditions of the river. This changed the channel 
width to 1036 feet, similar to cross section 6. The HEC-2 program was re-run using only this 
change, and the average channel velocity at section 5 was computed to 5.2 ft/sec. 

The staff considers that this analysis better reflects the expected velocity that will occur at 
section 5 and should be considered as a conservative velocity estimate in the analysis of 
required rock size. Use of this velocity becomes even more important when using the COE 
design procedure, where this velocity is multiplied by a safety factor of 1.5 and then raised to 

· the 5/2 power. Assuming that all other variables in the COE method remain unchanged, the 
rock size would be expected to be cut in half using Qnly this velocity reduction. Further 
detailed discussion of appropriate velocities can be found in Section 3.7 of this report, along 
with the use of other variables in the COE rock sizing method. 

3.6 Staff Evaluation of River Velocities Assuming Increased Vegetation 

The staff received a copy of a letter (Graf, 1997) from Dr. William Graf, Arizona State 
University, to Peter Haney, indicating eight specific concerns with the expected growth of 
vegetation, especially tamarisks, in the vicinity of the tailings pile .. In those eight concerns, 
Dr. Graf provided various bases for his conclusion that long-term stability of Colorado River 
at Moab was unlikely. To evaluate these concerns, a lengthy research study would be 
required, and suc[I a study is considered to be beyond the scope of this review. For 
reasons stated above, the staff does not agree with all of the conclusions reached by Dr. 
Graf. However, even if all of Dr. Grafs conclusions are correct and the river migrates, the 
rock apron provided by Atlas will prevent erosion of the tailings. 

In the staffs opinion, the principal question that needs to be addressed here is whether 
increased vegetation density will have a significant effect on the rock apron. That is, 
assuming that the river migrates to the pile, would increased vegetation density identified by 
Dr. Graf revise the staff conclusions with respect to the adequacy of the rock apron design? 
To address this question, it is important to determine the effect of vegetation on the velocity 
that will be experienced by the rock apron. 

To determine the sensitivity of the calculations of velocity to changes in vegetation density, 
the staff independently evaluated water surface profiles and velocities, assuming significant 
increases in density. Using the HEC-2 program, Manning's n values for the overbank areas 
at cross section 5 were increased very conservatively from 0.15 to 1.0 (Chow, 1959). 
Manning's n values are used in river flow analyses to represent frictional effects of stream 
channels and overbank areas. A value of 0.15 represents reasonably heavy vegetation· 
growth and a value of 1.0 represents extremely heavy growth. Using these two values, the 
resulting average channel velocity at section 5 was calculated to increase from 5.21 to only 
5.37 fUsec. The increase inn value resulted in a flow rate of only 300 cfs in the overbanks 
(with 70,000 cfs in the channel). Therefore, under the assumption that the entire overbank 
area does carry any significant flow because ii is choked with vegetation, the resulting 
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velocity only increases from 5.21 to 5.37 ft/sec. At this, or other cross sections, the effect of 
the vegetation on channel velocities can be estimated by conservatively ignoring all of the 
overbank area, conservatively assuming that the water surface elevation remains the same, 
and determining the velocity by dividing the total flow rate by the computed channel area. 
For example, at cross section 6 where the overbank area is large, the velocity is increased 
from 3.3 fUsec to only 4.4 fUsec. This velocity is less than the design yelocity of 6.9 
fUsec used by the staff to determine rock size requirements en the side slope (See Section 
3.3.1). Therefore, the staff concludes any significant increase in vegetation density will have 
only a minor effect on channel velocities and design of the rock apron. 

Based on staff experience with flooding and erosion, the staff also concludes that increased 
· vegetation density in the bank and overbank areas will tend to stabilize the channel banks. 

Increases in root growth and density of tamarisks and other riparian species will tend to 
provide erosional stability and will tend to prevent erosion and destabilization of the banks. 
In fact, riparian species are deliberately planted throughout the United States to prevent 
erosion of channel banks (IECA, 1998). Numerous examples and case studies can be cited 
where riprarian species have provided increased erosion resistance along the banks of 
rivers and streams. 

3.7 Evaluation of Apron Design Using COE Design Proce~ures 

The staff reviewed the information and analyses provided by the GCC and COE related to 
the design of the rock apron. This review included analyses of the COE design procedure 
that was used to assess the rock requirements for the apron. This procedure considers 

.. scour depths, river velocities, ·increases· in river velocities at channel bends, and factors of 
safety for determining sizes and volumes of launchable rock. The staff also examined the 
technical basis for the development of the COE procedure, including the supporting 
laboratory data. In general, the staff concludes that the design procedure was 
conservatively applied by COE in its evaluation of the rock apron at the Atlas site. Several of 
the assumptions and input parameters to the procedure do not appear to realistically 
represent conditions that currently exist near the site or can reasonably be expected to occur 
if the river were to migrate to the pile. However, the staff considers that the design 
procedure is robust, and if proper inputs are selected, the adequacy of the design can be 
verified using this procedure. 

The COE procedure consists of several steps that ultimately lead to the calculation of rock 
size and rock volume needed for a collapsible rock apron. The procedure includes the 
determination of various design parameters _i_ncluding the depth of scour in the river, average 
channel velocity, velocity on the outside of the channel bend, and rock layer thickness. 
Following is additional analysis of each of these parameters and their effect on the 
calculation of rock size and volume. 

3. 7 .1 Scour Depths 

One input parameter to the calculation of rock volume for the apron is the depth of scour 
produced by the Colorado River. The depth of scour is used in the COE design procedure to 
determine the depth to which the rock apron must collapse into the eroded section of the 
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river. 

In evaluating Atlas' proposal, the staff concluded that the use of a scour depth of 21 feet, 
representing the minimum thalweg elevation of the river in the vicinity of cross section 6, 
could be used. This conclusion was also based on information provided by Mussetter and 
Harvey (Atlas, 1996) indicating that the potential for river scour was very low, based on the 
fact that this reach of the river apparently transports large quantities of bed-load material. 
Such a river regime tends to be relatively stable because material scoured out is rapidly 
replaced by bed load sediments, resulting in little vertical change to the stream bed. 

In calculating the depth of scour, the COE analysis used procedures developed by Maynard 
· (1996). As stated by Maynord, the empirical relationship is very conservative and excludes 

95% of the observed data of various researchers. By enveloping the observed data and 
including only 5% of the data within the curve, Maynard developed a relationship for the 
maximum depth of scour on the outside of a bend as follows: 

DmxJDmnc: = 3.37 - 0.66 ln(R/N) 

where Dnu11 is the maximum depth of scour in the bend, 
Dmnc: is the mean depth of flow in the channel, 
Re: is the radius of curvature of the channel, and 
W is the width of the channel. 

(Eqn. 1) 

Of considerable importance to the calculation of scour depth is Maynard's conclusion that a 
best fit of the data is actually defined by the relationship ~, 

DrnaJDmnc: = 2.57 - 0.36 ln(R/N) (Eqn. 2) 

and that Eqn. 1 is conservative for a vast majority of the data. 

Notvlithstanding the exclusion of a significant amount of research data and the resulting use 
of a more conservative design equation, there are limiting geomorphic processes affecting 
channel scour, as discussed above. Therefore, the staff concludes that Eqn 2 better 
represents the conditions occurring in this reach of the Colorado River. 

As seen from Eqn 1 or Eqn 2, the computation of scour depth is also affected by the 
determination of values of the radius of curvature and the width of the channel. To 
determine the value of Rf\N, the COE used the apparent minimum value of Rf\N = 2.94 that 
currently exists at cross section 4. An R value of 2500 feet was taken from the Mussetter 
and Harvey report (Fig 5.4) and a W value of about 850 feet was also taken from that report 
(p. A.4). It was stated that the value used was consistent with the present configuration of 
the river. · 

Using Eqn 1 and Rf\N of 2.94 at cross section 4, the COE computed a depth ratio of about 
2.66 and a resulting scour depth of about 25 feet. This depth was subtracted from the water 
surface elevation of 3965 ft msl (for a flow of 40,000 cfs) resulting in a channel bottom · 
elevation elevation of 3940. This channel bottom elevation was then assumed to occur 
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several thousand feet downstream at the pile, and the COE calculated the total scour depth . 
to be 28 feet (3968-3940). · 

If Eqn 2 and R/VV of 7.5 (more representative of conditi.ons near the tailings pile) are used, 
the depth ratio is computed to be approximately 1.84, and the scour depth is computed to be 
18 feet. If a water surface of 3965 is assumed, the total scour depth will be 21 feet. 
Depending on the equation used, it appears that the scour depth of 21 feet used by Atlas 
adequately represents reasonably expected scour conditions. It should be noted that use of 
data from cross section 6 will further decrease the scour depth. 

Of particular significance in the COE calculation is the use of data from cross section 4, 
· which is several thousand feet upstream from the beginning of the rock apron. The staff 

considers it more reasonable to use data from cross sections immediately adjacent to the 
tailings pile to define the expected river configuration and to determine input parameters to 
various models. Use of such data will decrease the scour depth. Finally, the staff would 
like to point out that if 2.9-inch rock were used in a layer thickness of 5.8 inches, the 
proposed volume of 50 tt3/ft would acceptably launch to the-COE-estimated scour depth of 
28 feet. 

In the original analyses, the licensee proposed, and the staff concurred, that use of a scour 
depth of 21 feet, equal to the minimum thalweg eleva.tion near cross section 6, was 
appropriate. Thus, the licensee's use of this scour depth is considered to be acceptable. 

i 

3.7.2 Design Velocities 

It appears that the singlemost important parameter to be estimated in the COE design 
procedure is the design velocity. Because the rock size (and required volume of rock) are 
proportional to the velocity raised to the 5/2 power, it is extremely important to select 
appropriate values of this parameter. It should be noted that the COE procedure used to 
·analyze the Atlas rock apron includes a factor of about 1.5 that is multiplied by the average 
velocity to determine the design velocity in the channel bend. This factor is representative of 
an R/'N of about 3. As discussed above, an RNV value of about 7 .5 is a more reasonable 
value to represent the river configuration if it were to migrate to the pile, because this is the 
configuration ad<?pted by the river as it exists today. 

Using an average channel velocity at cross section 5 of 6.8 fVsec and RNJ value of 3, the 
COE computed the design velocity to be 10.2 fVsec. This velocity resulted in a required 0 50 

rock size of about 9 inches. Using this rock size, the COE calculated the required layer 
thickness to be about 18 inches and the required rock volume to be 141 ft3/ft. 

Based on the re-evaluation of channel velocities presented in Section 3.5 of this report, the 
staff concludes that the a'(erage channel velocity that should be used in the COE design 
method is 5.2 ft/sec. Based on examination of information presented in Appendix N of the 
reclamation plan, a more appropriate value cf R/VV is 7500/1000 or 7.5, as discusssed in 
Section 3. 7.1 of this report. Using this R/W value in the COE design equation (COE, 1994, 
Plate 8-33) for natural channels: 



-, 
19 

vss I v,.vg = 1.74 - 0.52 log (R.NV) = 1.74 - 0.52 log(7.5) = 1.29 

Computing the design velocity on the side slope, 

Vss = 1.29 x 5.2 = 6. 7 ft/sec·. 

Use of this design velocity, instead of the COE value of 10.8 ft/sec results in a computed 
rock size of 0.34 feet or 4.0 inches, assuming all other parameters in the method remain the 
same, including factors of safety, etc. Using a rock size of 4 inches and COE's computed 
scour depth of 28 feet results in a required rock volume of about 45ft3/ft, which is 10% less 
t[an the Quantity proposed _by Atlas. 

Other information and guidance (e.g. Biedenhar[l, et al., 1997), is available for estimating 
the design velocity in channel bends. Appendix A of that document generally uses COE 
methods and discusses various methods for determining rock armor sizes and thicknesses. 
Figure A.2b provides methods for determining design velocities for various R/W values and. 
channel width to depth ratios. For example, for a width to depth ratio greater than 10 (cross 
section 4 of the Colorado River has a ratio of approximately 850/10), the recommended 
design velocity ratio for a 120 degree bend is a proximately 1.12 for a RNV ratio of 7 .5. Use 
of this velocity ratio would result in an even smaller rock size. 

To summarize, the rock size and rock volume can be shown to be acceptable using the COE 
method, if appropriate values of average channel velocity and radius of curvature.are used. 
The ,staff considers tharthe avera·ge rock size of 4 inches used by Atlas to design the rock 
aprcin is acceptable, based cin the use of· more appropriate parameters in the COE method 
and independent estimates using other design methods. 

3.8 Evaluation of Non-Cohesive Soils 

The GCC questioned the performance of the apron if cohesive soils are present to affect the 
launch slope. Based on an examination of soil boring logs provided in Appendix 0 of the 
reclamation plan, the soils near the toe of the slope and in the overbank area are generally 
classified as sands and silts, of various grain sizes. Most of the material appears to be 

·sandy, and there does not seem to be an overabundance of clayey soils, although some 
clays are present (Atlas, 1996, Appendix N). Therefore, the staff concludes that the 
performance of the apron and the launch slope is not likely to be affected by cohesive soils. 

3.9 Reasonable Assurance, NRC Review Procedures, and NRC Regulations 

Of considerable importance in the NRC staffs assessment of Atlas' proposed design of the 
rock apron is the concept of ·reasonable assurance: NRC regulations require (10 CFR 
Part 40, Appendix A, Criterion 6) • •.• a design which provides reasonable assurance of control 
of radiological hazards to .•• be effective for 1000 years ••• • This requirement comes directly 
from U.S. Environmental Protection Agency requirements in 40 CFR Part 192. These 
standards do not require absolute nor even near certainty. 

Several reasons can be offered to justify the appropriateness of a •reasonable assurance· 
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requirement, rather than a more conservative requirement. Of primary importance is that 
exposure to uranium mill tailings do not pose an immediate acute risk to the health and 
safety of individuals. Rather, the risk posed by tailings is from continual exposure to low 
levels of radioactivity and is a long-term cumulative risk. If control of tailings were lost (for 
example, if an earthquake beyond the design basis were to damage the cover and expose 
tailings), actions could be taken to repair the damage, with little likelihood of endangering 
individuals. 

Additionally, uranium mill tailings disposal sites will be under perpetual government custodial 
care. If the features providing control of the tailings were damaged or compromised in the 
future, the government custodian could assess the situation and provide repairs. While NRC 

· standards require that the design for control of radiological hazards not rely on maintenance, 
the concept of ureasonable assurance" does not preclude contemplation of government 
custodian actions in unusual or unlikely situations. 

Finally, the rock apron does not have to withstand a single, severe event that could occur 
without warning at any time. This is unlike the situation in designing protection from 
earthquakes or severe precipitation. For those events, the protective design may not be 
tested for decades or centuries .and then in a very short time have to perform with a design 
event. If the Colorado River were to migrate towards the tailings pile, it would occur over 
decades or centuries. There would be ample time to "determine whether the assumptions 
used in the design of the rock apron (e.g., the scour depth, river curvature, river velocity, 
etc.) were correct. · 

In summary, NRC regulations and EPA standards do not require the .degree of certainty 
about the potential future threats to the rock apron that would require an extremely 
conservative design, but rather ureasonable assurance" that the design will protect the 

. tailings pile. 

\ 
3.10 Post-Licensing Monitoring and Maintenance 

The COE and GCC question the ability of the apron design to be effective without 
maintenance and anticipate that maintenance will be needed to assure proper functioning of 
the apron. Internal COE requirements are cited, indicating that the design must include 
provisions for maintenance. It should be emphasized that the staff has never stated that the 
design will be free of active maintenance. The staff only asserts that no credit was given for 
maintenance in the design of the apron, even though the maintenance program reduces the 
probability of river migration. 

Monitoring of any engineered structure will always be needed to assure that it is functioning 
properly and that adequate repairs are undertaken when problems occur. Specifically for 
reclaimed uranium mill sites, monitoring by the government custodian will be necessary to 
assure that design assumptions are actually true and that no unexpected problems are 
occurring at a site. For example, if vandals carry away the riprap on the top of the pile, this 
problem will be identified in a timely manner through the monitoring program required by 
NRC regulations. Appropriate actions will then be taken by the government custodian. 
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Similarly, the monitoring program will be designed to identify potential problems such as 
unexpected and harmful gully erosion, sedimentation, or vegetation growth. 

Unli~e an event such as the PMP or maximum earthquake, the erosion of the river banks 
and migration of the river will not be a sudden event. If it occurs, river migration of several 
hundred feet will occur over a period of decades or centuries. If the river were to begin 
migrating toward the site in the future, it is likely that measures will be taken to stabilize the 
channel banks,. possibly for reasons unrelated to the tailings pile. For example, erosion 
damage could be repaired by the highway department if a bridge or highway were damaged 
or threatened by channel erosion. Thus, the probability of the river actually eroding to the 
poirit where it reaches the tailings pile is less than the probablilty of it doing so naturally. 

· Additionally, license requirements imposed by NRC on the government custodian, currently 
the Department of Energy (DOE), provide further assurance of the low probabliity that 
erosion would ever reach the pile. Specific measures to detect and mitigate erosion ·are a 
part of DOE's generic Long-Term Surveillance and Maintenance (LTSP) for uranium mills 
turned over to the United States Government. Also, an L TSP is prepared for each specific 
site, and there are provisions in each of those L TSPs for the annual inspection and repair of 
erosion problems. These post-licensing monitoring and maintenance programs will be 
implemented for all sites by the long-term custodian. As a licensee of the NRC, DOE is 
required by 10 CFR 40.28 to provide a long-terni care program to assure that 10 CFR Part 
40 requirements are met and to assure that any unexpected problems occurring at the site 
will be promptly detected and mitigated. · 

The ~taff therefore concludes that the surveillance and maintenance programs required by 
1 O CFR 40.28 provide further assurance of site stability. While no credit was taken for 
maintenance in the design of the rock apron and conservative inputs were applied, the low 
likelihood of unmitigated river migration and bank erosion was considered in the selection of 

\ appropriate, rather than very conservative, design parameters for the design of the rock 
, apron. . · 

3.11 Additional Conservatisms 

The staff considers that there are many other conservatisms built into the design of the rock 
apron at the Atlas site. These conservatisms include several that are not immediately 
obvious, and it is important to recognize that the conservatisms present in the design are 
considered by the staff to be more than adequate to assure that NRC regulations are met. 
These factors include: (a) the availability of a substantial extra volume of rock on the 3V on 
1 OH side slope of the pile that could be launched onto the collapsed slope; (b) the rock on 
the side slope and apron is designed for overland flow from a PMP that has a rainfall 
intensity approaching the world record rainfall; (c) the thickness of the rock layer is 2 x Dso. 
whereas the staff has accepted 1-1/2 x Dso on many occasions at other licensed sites; and 
(d) the rock size that will actually be provided will certainly be larger than the 0 50 specified, 
based on staff experience at construct.ed sites. 

A. Additional Rock Volume Available 
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The staff recognized that the launched 11-inch rock would not necessarily, by itself, achieve 
an ideal configuration or gradation when launched onto the slope .. However, the current 
design includes an overdesigned volume of 5.3-inch rock on the side slope of the tailings 
pile; this extra rock would be available to also launch into any gaps formed in the launched 
11-inch rock. As discussed above, the 5.3-inch rock is conservatively oversized (only 2.9-
inch rock is needed), and a large volume of this rock could launch and fill in gaps in the rock 
layer and ultimately protect the pile. The quantity of rock 5.3-inch provided on the 400-foot 
length of the side slope is approximately 400 x 11 /12 x1 = 366 ft3/ft. Assuming that only 100 
ft3/ft of this rock would launch, this additional volume of rock could move down the slope to 
fill the voids in the 11-inch rock gradation. Thus, the rock volume provided would be about 
150 ft31ft. Not only would the suggested COE volume requirement of 141 ft3/ft tbe met, but 

· the resulting average 0 50 of about 7.5 inches of the total rock layer would nearly meet the 
COE suggested 0 50 rock size of 9.2 inches. If the re-computed velocity of 5.2 ft/sec is used 
(as discussed in Section 3.5), the 5.3-inch rock is more than adequate by itself to armor the 
collapsed slope. 

8. Riprap Designed for Intense Rainfall 

As noted in Appendix 0, the riprap for the side slopes is designed for an ovedand flow rate 
of 0.434 cfs/ft. This flow rate is computed by assuming the longest flow path on the side 
slope and a rainfall intensity of about 50 in/hr, based on a minimum time of concentration of 
about 1 minute. It should be noted that the world record one-minute rainfall is about one 
inch in one minute (intensity of about 60 in/hr) and occurred in tropical climate. When one 
cons.iders that this flow rate can be increased by a flow concentration factor of nearly 3 and 
that 4-inch rock is sufficient to resist that rate, it is obvious that the rock size is conservative 
for overland flows. 

C. Rock Layer Thickness 

It should be noted the COE recommended layer thickness of 2 times the 0 50 is not a 
requirement, and the NRC staff routinely accepts the use of 1 1/2 times the 0 50 for riprap 
layers at uranium mill tailings impoundments. In fact, the COE has published standard 
riprap gradations for layer thicknesses that are 1-1/2 times the 0 50 (COE, 1971). As stated 
in the FSTP (NRC, 1990), use of these gradations is acceptable to the staff. This fact is very 
important and further demonstrates the conservatism of the Atlas design, because the 
volume of rock in the apron is a function of the required layer thickness on the side slope. If 
a layer thickness of 6 inches (routinely accepted by the staff and accepted by the COE for 
other applications) is used, rock volume requirements are lessened by approximately 25 
percent, compared to the 8-inch layer used by Atlas to design the apron. 

D. Actual Rock Size provided 

The rock sizes specified for design.of the rock layer are the minimum 0 50 sizes for a specific 
rock gradation. In the typical construction of a rock layer, the 0 50 that is actually placed is 
greater than this minimum value. This is because it is difficult to produce rock with an exact 
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0 50 of the minimum required. Rather than risk producing riprap that fails to meet 
specifications, contractors will almost always produce rock with a greater 0 50 than required. 
Based on staff experience with construction and reclamation activities at many uranium mill 
sites, the constructed rock size is usually larger than the minimum required by the 
construction specifications. For example, at the DOE Slick Rock site (DOE, 1997), rock with 
a D50 of 4.0 inches was specified for the side slopes. However, in meeting this minimum 
requirement, a rock size of 4.5 inches was actually placed. Thus, rock overdesigned by a 
factor of about 10-15% was used at the Slick Rock site. A similar, or possibly greater 
overdesign, would likely occur at the Atlas site, due to the general nature of compliance with 
construction specifications . 

. 4. CONCLUSIONS AND RECOMMENDATIONS 

Based on review of the apron design proposed by Atlas and on independent analyses of 
river flow conditions, the staff concludes that the apron design is acceptable and meets the 
requirements of 1 O CFR Part 40 Appendix A The staff concludes that rock of adequate size 
and volume has been proposed for the apron. · 

The staff concludes that the analyses and recommendations provided by the COE do not 
realistically portray conditions that can reasonably be expected to be experienced by the 
rock apron. The staff further concludes that the assumptions and design methods 
recommended by COE are not required to demonstrate the adequacy of the apron. 
However, ifassumptions of river configuration and channel velocity that can reasonably be 
expected to occur if the river were to migrate are used in. the COE method, the apron design 
can be shown to adequately meet COE design criteria. 

The staff agrees with COE that the oversized rock in the apron may not launch in a manner 
that achieves good slope coverage. The staff concludes that smaller, well-graded rock of 
equivalent volume would provide better slope coverage, if launched. However, the current 
design is acceptable due to the large amount of rock available on the side slope of the pile 
that could fill in gaps in the rock layer. If the licensee were to propose a design change to 
smaller rock, the staff would be likely to find it acceptable. 

5. REFERENCES 

Abt, S. R. and Johnson, T. L., Riprap Design for Overtopping Flow, Journal of Hydraulic. 
Engineering, Vol. 117, No. 8, August, 1991. 

Atlas Corporation, Final Reclamation Plan, October, 1996. 

Biedenham, David S., Derrick, Dave L., Elliot, Charles, and Watson, Chester C., The WES 
Stream Investigation and Streambank Stabilization Handbook, Final Draft, September, 1997. 

COE (U.S. Army Corps of Engineers), 1970, Hydraulic Design of Flood Control Channels: 
EM1110-2-1601, revised 1994. 



24 

COE (U. S. Army Corps of Engineers), 1971, Additional Guidance for Riprap Channel 
Protection: ETL 1110-2-120. 

COE (U.S. Army Corps of Engineers), 1991 update, "HEC-2 Water Surface Profiles," 
Hydrologic Engineering Center, Davis, CA 

COE (U. S. Army Corps of Engineers), 1988, HEC-1 Flood Hydrograph Package, Hydrologic 
Engineering Center, Davis, CA. 

COE ETL 1110-2-120, Additional Guidance for Riprap Channel Protection 

Chow, V.T., 1959, Open Channel Hydraulics: McGraw-Hill, New York. 

DOE, U. S. Department of Energy, Final Completion Report for Slick Rock Title I Site, June 
1997. 

Graf, W. L., Letter to Peter Haney dated December 16, 1997. 

IECA (International Erosion Control Association), Proceedings of Conference 29, 1998. 

Johnson, T. L., and Abt, S. R., Design of Channel Riprap Using Overtopping Flow 
Methods, to be published in Proceedings of First Federal lnteragency Hydrologic_ Modeling· 
Conference, 1998. · 

Maynord, Stephen T., Stable Riprap Size for Open Channel Flows, Technical Report HL-88-
4, Department of the Army, March, 1988. 

Maynord, Stephen T., Toe-Scour Estimation in Stabilized Bendways, Journal of Hydraulic 
Engineering, August, 1996. 

NRC (U. S. Nuclear Regulatory Commission), Final Technical Evaluation Report for the 
Proposed Revised Reclamation Plan for the Atlas Corporation Moab Mill, NUREG-1532, 
March, 1997. 

NRC, Final Staff Technical Position, Design of Erosion Protection Covers for Stabilization of 
Uranium Mill Tailings Sites: U.S. Nuclear Regulatory Commission, August, 1990. 

NRC, Finaf Standard Review Plan for the Review and Remedial Action of Inactive Mill 
Tailings Sites under Title I of the Uranium Mill Tailings Radiation Control Act, Revision 1: 
U.S. Nuclear Regulatory Commissio.n, June 1993. 

Rice, C. E., Kadavy, K. C., and Robinson, K. M., Roughness of Loose Rock Riprap on. 
Steep Slopes, Journal of Hydraulic Engineering, February, 1998. 

Robinson, K. M., Rice, C. E., and Kadavy, K. C., Stability of Rock Chutes, Proc. Water 
Resources Engineering, ASCE, Reston, VA, Vol. 2, 1995. ~. 

~ 
1 



, . 
. ,, 

25 

Stephenson, D., 1979, Rockfill in Hydraulic Engineering: Elsevier Scientific Publishing Co., 
New York. 

Stevens, M.A., Simons, D.B., and Lewis, G.L., 1976, Safety Factors for Riprap Protection: 
American Society of Civil Engineers, Journal of the Hydraulics Division, V. 102, No. HYS. 

·' 




