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1.0 BACKGROUND 

This appendix summarizes the characteristics of erosion protection materials to be used in 
reclamation of the tailings impoundments at the Cotter Corporation Canon City milling facility.  
This document has been prepared as an appendix to the 2011 Tailings Reclamation Plan (in 
progress), associated with Radioactive Materials License 369-01.  Durability testing of potential 
riprap materials (conducted by Cotter Corporation) is summarized in this appendix. This testing 
was previously presented in the 2005 Decommissioning and Reclamation Plan (MFG, 2005).  
Additional testing is in progress and will be presented in a future submittal of this appendix.   
 
2.0 EROSION PROTECTION MATERIALS 

This section presents the results of evaluation of durability of a potential commercial source of 
riprap for erosion protection for tailings reclamation. This work was conducted by Cotter in 1998 
and 1999, with pertinent documents included in Attachment G.1. 
 
Two riprap materials are planned for tailings reclamation: (1) riprap on regraded embankment 
slopes, and (2) riprap in diversion channels (where needed based on channel foundation 
conditions). The design of the riprap size for the regraded embankment slopes is provided in 
Appendix C of the 2011 Tailings Reclamation Plan.   MWH evaluated extreme storm runoff from 
regraded embankment slopes, and estimated that riprap with a D50 (median size) ranging from 
1.4 to 4.0 inches would provide acceptable long-term erosional stability under extreme storm 
events on regraded slopes.  MWH is currently in the process of optimizing the final design of the 
diversion channels and an estimate of the required riprap material sizes will be provided in a 
future submittal of this appendix.  Required material quantities for riprap will be included in the 
future submittal for the embankment slopes, Primary and Secondary Impoundment surfaces, 
and for the diversion channels.      
 
Cotter evaluated sources of riprap based on material with a D50 of up to nine inches for both 
slope and channel applications. A commercial source near Canon City, T.H.E. Aggregate 
Source, was identified in 1998 by Cotter for this material and the material was sampled and 
tested for durability.  Cotter plans to use this same rock source for this riprap.  Cotter recently 
contacted T.H.E. Aggregate Source and they still have the similar material available in sufficient 
quantities.  This appendix discusses the durability test results from 1999 with respect to 
established durability criteria for uranium tailings reclamation documented by the U.S. Nuclear 
Regulatory Commission (NRC).   
 
Durability criteria. NRC recommendations for long-term durability of riprap are based on 
specific tests and scoring summarized in Appendix D of NRC (1990), from literature review in 
Lindsey and others (1982) and primarily based on work documented in De Puy (1965).  
 
Table D1 (NRC, 1990) contains the scoring criteria for the commonly used durability tests 
(specific gravity, adsorption, sodium sulfate, L.A. abrasion, Schmidt hammer, and splitting 
tensile strength). Scoring for the other tests (ultrasonic cavitation, freeze-thaw, scleroscope, 
coefficient of restitution, compressive strength, and sonic velocity) can be determined from De 
Puy (1965). 
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Durability testing. The test results on a rock sample from T.H.E. Aggregate Source conducted 
by Lincoln DeVore, Inc. in 1997 are attached at the end of this appendix. These results were 
part of correspondence provided by Cotter to CDPHE in 1999 (Cotter, 1999). The test results 
are summarized below. 
 

1. L.A. Abrasion (ASTM Method C 535), 21.3 percent loss after 1,000 revolutions. 
2. Sodium sulfate soundness (ASTM Method C 88), 0.2 percent loss after 5 cycles. 
3. Specific gravity (ASTM C 127); bulk specific gravity (saturated, surface dry): 2.61; 

apparent specific gravity: 2.63. 
4. Absorption (ASTM C 127), 0.3 percent. 

 
In order to be consistent with the scoring criteria in NRC (1990), the L.A. abrasion results were 
adjusted to a percentage loss after 100 revolutions. A linear adjustment was made, resulting in 
a percentage loss of 2.1 percent after 100 revolutions. The apparent specific gravity value (from 
the results above) was used in the scoring criteria. The test results above are summarized in 
Table G.1.  The material was identified as an igneous rock and therefore weighting factors for 
an igneous rock were used for the scoring.  
 
Table G.1 Riprap Sample Durability Scoring Summary 

Durability Test 
Test 

Result Score 
Weighting Factors 

(Igneous Rock)a 
Score x Weighting 

Factorb 
L.A. abrasion (%) 2.1 9 1 9 
Sodium sulfate soundness (%) 0.2 10 11 110 
Specific gravity (units) 2.63 8 9 72 
Absorption (%) 0.3 9 2 18 
TOTAL SCORE ---- ---- ---- 209 
MAXIMUM SCOREc ---- 10 23 230 
ROCK QUALITY SCOREd ---- ---- ---- 91 
a  From Table D1 of NRC (1990) 
b  Product of actual score and weighting factor 
c  Product of maximum score and weighting factor 
d  Sum of products of actual score and weighting factor divided by sum of products of maximum score and weighting 
factor. 
 
Discussion of test results. The test results in Table G.1 were converted to the nearest whole 
number score value, as outlined in Appendix D of NRC (1990). The corresponding score is 
listed in the Table G.1 along with the weighting factors used.  Results from durability tests are 
used to determine a total rock quality rating.  Durability testing results are given a score which is 
multiplied by a weighting factor.  The weighting factor varies with each durability test and 
general rock type (igneous, sandstone, limestone).  The rock quality rating is the sum of the 
weighted scores divided by the maximum possible score for the specific rock type tested and 
number of tests conducted.  The rock quality rating calculations for the tested sample are 
summarized in Table G.1. 
 
Since the type of rock for the riprap borrow material source is an igneous rock, the rock quality 
score was calculated for this rock type.  The rock quality score is above 80, which indicates that 
this rock is of sufficient durability for use as riprap in both critical and non-critical areas, with no 
oversizing.  Rock quality scores are used to determine acceptance of a rock sample for use as 
riprap and oversizing requirements.  Riprap areas are designated as critical and non-critical 
areas.  Critical areas include frequently saturated areas, all channels, poorly-drained toes and 
aprons, control structures, and energy dissipation areas (NRC, 1990).  For critical areas, scores 
of 80 to 100 indicate riprap that is of acceptable quality and does not require oversizing, scores 



Cotter Corporation  MWH Americas, Inc. 
 3 May 2011 

of 65 to 80 indicate riprap that is of acceptable quality but requires oversizing, and scores less 
than 65 indicates riprap of not acceptable quality.  Non-Critical areas include occasionally-
saturated areas, top slopes, side slopes, and well-drained toes and aprons (NRC, 1990).  For 
non-critical areas, scores of 80 to 100 do not require oversizing, scores of 50 to 80 require 
oversizing, and scores of less than 50 are rejected.  Oversizing is referred to as a percent 
increase in rock diameter based on the difference between a score of 80 and the actual score. 
For example, a sample with a score of 65 would require oversizing of 15 percent.  This 
oversizing percentage is applied directly to the diameter of the riprap. 
 
NRC (1990) suggests initially performing several types of rock durability tests on a selected rock 
sample to get an indication of rock quality (as has been done for the source near Canon City). 
Final testing consists of the six tests listed by the NRC: specific gravity, adsorption, sodium 
sulfate, L.A. abrasion, Schmidt hammer, and splitting tensile strength. Other tests which can be 
used to determine rock quality are ultrasonic cavitation, freeze-thaw, scleroscope, coefficient of 
restitution, compressive strength, and sonic velocity. In addition to conducting durability tests, a 
petrographic examination of the rock sample should be performed by a geologist to determine 
the qualitative condition of the rock (NRC, 1990). 
 
Based on the preliminary evaluation by Cotter and the testing described above, the commercial 
rock source near Canon City can provide the particle size and quantity of riprap under the 
updated plan for tailings impoundment reclamation. The test results and scoring calculations 
described above indicate that this material is of acceptable long-term durability. As 
recommended in NRC (1990), confirmation of the durability of this material should include a 
petrographic analysis as well as durability testing using the six tests listed above.  Additional 
durability testing and a petrographic analysis are currently in process for samples recently 
collected from the riprap source.  The additional durability tests include the Schmidt hammer 
and splitting tensile strength tests.  Results of the additional testing and analysis will be provided 
in a future update to this appendix.  Riprap durability scoring will updated based on the 
additional testing and included in the updated appendix.   
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