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Site Visit Trip Report 

Site Mexican Hat, Utah, Disposal Site  Project NE Slope Cover Depressions Evaluation 

Individuals 
making trip Evan Tyrrell, Navarro; Angelita Denny, DOE-LM; Gilbert Dayzie & Joni Tallbull, NNUMTRA/AML 

Date(s) of 
Site Visit December 14, 2017 

Purpose: 

Perform visual observations of depression features on the northeast side slope of the disposal cell 

Summary: 

The Department of Energy Office of Legacy Management (DOE-LM) Site Manager coordinated a site visit with 
Navajo Nation Uranium Mill Tailings Remedial Action/Abandoned Mine Lands Department (NNUMTRA/AML) 
personnel to observe depression features that had been previously identified along the toe and lower portions of 
the northeast side slope of the disposal cell. NNUMTRA/AML had received the draft Mexican Hat UMTRCA 
Disposal Cell Northeast Slope Cover Depressions Evaluation Report for review and were interested in viewing 
the depression features. NNUMTRA/AML representatives arrived onsite prior to the arrival of representation from 
DOE-LM, and manually removed small portions of the riprap and bedding layer cover components to facilitate 
inspection of the depressions observed near the toe of the northeast side slope. At one of the locations, near the 
toe of the northeast side slope, a small void was observed at the apparent base of the bedding layer and upper 
portion of the radon barrier. 

At the time DOE-LM representation arrived at the site, the presence of a small void beneath the rock riprap 
material was evident in the area where cover components had been removed by NNUMTRA/AML personnel. 
There was no indication that the radon barrier was breached; manual removal of cover materials did not extend 
into the radon barrier.  

NNUMTRA/AML cleared additional material that had sloughed into the evident void. Repositioning the materials 
that had sloughed into the opening confirmed the presence of a small void (approximately 8 inches deep × 12 
inches wide) that appeared to be present at the apparent base of the bedding layer and upper portion of the 
radon barrier. The length of the void was unknown, but it appeared to extend downslope along the interface of the 
bedding layer and radon barrier. An approximately 6-inch-thick, red cemented layer was observed at the top of 
the void immediately below the base of the bedding layer. The bedding layer consisted of almost all coarse-
grained materials; fine-grained materials were absent.  

The rock riprap and gravel/bedding materials that were removed were ultimately placed back in the void and the 
exposed area was restored. The location was marked using a wooden stake with orange flagging. 
NNUMTRA/AML personnel verbally communicated that an additional area towards the toe of the longest extent of 
the northeast side slope had been exposed by manually removing cover components and was subsequently 
restored prior to the arrival of DOE-LM representation. It was also communicated that this additional area did not 
exhibit the same features (i.e., a void) compared to the area with the small void described above. No additional 
hand removal of material on the cell occurred that day and no indication of a breach of the radon barrier was 
evident. However, radiological surveys were not taken during this work as there was no Radiological Control 
Technician onsite and the work that was performed by NNUMTRA/AML personnel was neither planned nor 
authorized. 

DOE-LM notified the Nuclear Regulatory Commission (NRC) of these events and findings in an email dated 
January 8, 2018 and NRC issued a response to DOE-LM via email on January 22, 2018. Email correspondence 
is accessible on the ADAMS NRC website located at http://www.nrc.gov/reading-rm/adams.html. 
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     TP5 – Gamma scan of excavation     TP5 – Estimated Bottom of Angular Rip Rap 
 
 
 

   
      TP8 – Top of Bedding Layer        TP8 – Top of Radon Barrier 
 
 
 

   
    TP8 – Bedding Layer and Top of Radon Barrier          TP8 – Top of Radon Barrier 
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Engineering Site Visit Trip Report 

Site Mexican Hat, Utah, Disposal Site  Project Limited Cover Evaluation, January 23-25, 2018 

Individuals 
making trip 

John Manée, Jeff Carman, Evan Tyrrell, Ryan Hernandez, Travis Thoele, Curtis Hales from LMS.  
In attendance from NNUMTRA/AML for observation was Gilbert Dayzie. 

 

Purpose: 

Follow-up visit to assess the area of the cell where depressions were recently observed and marked near the toe 
of the north side slope, and to assess other areas of concern where 5:1 rock cover is showing visual signs of 
depressions on the north, west, and east side slopes of the disposal cell, as well as a discolored area on the top 
of the disposal cell cover. 

Basic Itinerary: 
(including dates, to and from, travel method, lodging location 

01/23/18:  Travel from Grand Junction, CO to Mexican Hat, UT in GSA vehicle, check in at the San Juan Motel in 
Mexican Hat, UT, walk south, north, west and top slopes to identify potential test pit locations. 

01/24/18:  Evaluate at least six (6) areas 4’ x 6’ in dimension showing depressions on the north, west, east, and 
top slopes of the disposal cell. 

01/25/18:  Complete limited cover evaluation by evaluating two additional areas on the east side slope, travel 
back to Grand Junction, CO. 

Summary (1/23/2018): 

 John Manée and Jeff Carman arrived at the site on 1/23/18 at 1600 and reviewed all applicable safety and 
health paperwork and other LMS procedural documentation (e.g., Plan of the Week, JSA, Pre-Job Brief, PPE 
requirements). 

 Walked the south, west, north and top slopes to identify areas for possible test pits. 
 Left the site at 1745. 
 
Summary (1/24/2018): 
 

 John Manée, Jeff Carman, Evan Tyrrell, Ryan Hernandez, Travis Thoele, and Curtis Hales arrived at the site 
on 1/24/18 at 0800 and on 1/25/18 at 0730 and reviewed all applicable safety and health paperwork and 
other LMS procedural documentation (e.g., Plan of the Week, JSA, Pre-Job Brief, PPE requirements). Gilbert 
Dayzie arrived at about 1600 and was provided a safety and health briefing upon arrival. 

 A total of 7 small test pits (TP6, TP7, and TP9 through TP13) were manually excavated to expose the 
bedding material and the top of the radon barrier over the two-day period.  All manually-removed materials 
were placed on tarps to maintain segregation of the riprap rock and bedding layer cover components.  One 
area on the west side slope (PTP1) was flagged as a potential test pit follow-up location.  Locations of each 
test pit were logged with a handheld GPS unit and are shown on the attached test pit locations map.  
Location specific test pit information is detailed below. 

 All disturbed test pits were restored by replacing the removed bedding and riprap materials consistent with 
the as built conditions encountered during removal.  Restored test pit locations were marked in the center of 
the restored area with a labeled pin flag, and the perimeter of the riprap that was removed at each location 
was painted with survey marker paint. 

 All test pit locations were intermittently screened for gamma radiation by a Radiological Control Technician 
(RCT) utilizing a handheld 2”x2” sodium iodide “crutch” scintillometer or equivalent radiological screening 
device.  Test pits were screened before, during, and after disturbance, and no elevated radiological readings 
relative to ambient conditions were observed throughout the two days of field work. 
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 TP7 (location of previously marked depression on the north side slope):  This location was exposed by 
manually removing Type B riprap to expose the underlying bedding layer material below in an area 
approximately 6’ by 4’ in size.  Windblown material was observed on the riprap layer at approximately 6-
inches below the surface.  The riprap layer was roughly 15-inches thick.  Approximately 8-inches of bedding 
material was encountered below the riprap materials, which contained little to no fine grained materials and 
did not appear to meet the gradation specifications in accordance with the cell completion report.  There was 
riprap material into the bedding layer on the west side of the pit.  An approximate 2-inch-thick, red, weakly-
cemented layer was observed immediately below the base of the bedding layer.  There appeared to be 
erosion into the radon barrier in a seam that could be the start of piping.  The exposed cemented layer and 
radon barrier at this location were painted with survey marker paint for future reference.  TP7 was restored by 
replacing the bedding and riprap materials consistent with the as built conditions encountered during removal.   

 TP9 (location on northern extent of top slope near the transition to the north side slope within an area of red 
discoloration):  The surface rock designated as Type A riprap was removed by hand to expose the bedding 
layer material below in an area approximately 6’ by 4’.  Windblown material was noted approximately 3-
inches below the surface.  The riprap layer was approximately 8-inches thick, meeting the riprap thickness 
specifications for the top slope.  The surface gradation of the bedding material appeared to be ¼” to 2” 
diameter washed rounded gravel with fine grained material and appeared to meet the gradation specifications 
in accordance with the cell completion report.  A slight, linear, vertically elevated feature was observed in the 
north end of the exposed bedding layer.  The bedding layer was removed, and was approximately 6-inches 
thick and consisted of segregated material with finer ¼-inch gravel at the bottom of the layer.  The slight, 
linear, vertically elevated feature had an approximate 2-inch vertical elevation increase in the radon barrier 
leading towards the north side slope and appeared to continue laterally along the transition area from the top 
slope to the north side slope. The exposed radon barrier did not show signs of cementation and, with the 
exception of the slight, linear, vertically elevated feature, appeared to be in good condition. Restoration of the 
test pit proceeded with cover material replacement consistent with the as built conditions encountered during 
removal. 

 TP10 (area with minor surface depression on the north side slope):  Removed Type B riprap material by hand 
to expose the underlying bedding material in a 6’ by 4’ area.  Windblown material was observed on the riprap 
layer at 6-inches below surface.  The riprap layer was roughly 8-inches thick on the uphill side and 12-inches 
thick on the downhill side.  An approximate 7-inch-thick layer of bedding material was encountered below the 
riprap materials, with sandy fines the last 2-inches above the radon barrier, which appeared to meet the 
gradation specifications in accordance with the cell completion report. The top of the radon barrier appeared 
to be in good condition, and there was no apparent reason for the surface depression observed on the riprap 
surface at this test pit location. The exposed radon barrier and bedding layer were painted with survey marker 
paint for future reference. Restoration of the test pit proceeded with cover material replacement consistent 
with the as built conditions encountered during removal. 

 TP11 (area with minor surface depression on the west side slope):  This location was exposed by manually 
removing the type B riprap material, followed by manual removal of the bedding layer until the radon barrier 
was exposed in a 6’ by 4’ area.  Windblown material was noted on the riprap layer approximately 10-inches 
below the surface.  The riprap layer was roughly 16-inches thick, and the bedding layer was approximately 6-
inches thick, with sandy, fine-grained material at the bottom of the bedding layer, which appeared to meet the 
gradation specifications in accordance with the cell completion report.  There was no depression noted below 
the riprap layer, and the bedding material appeared to be uniform in appearance below the riprap layer.  
There was no apparent reason for the depression noted at the top of the riprap layer and the underlying cover 
components (i.e., bedding layer and top of the radon barrier) appeared to be in good condition. The exposed 
radon barrier and bedding layer were painted with survey marker paint for future reference.  Restoration of 
the test pit proceeded with cover material replacement consistent with the as built conditions encountered 
during removal. 

 PTP1 (possible test pit location on the west side slope):  A slight surface depression was observed at this 
location, with 1-1/2” to 2” round river rock observed near the top of the riprap layer, but an excavation was not 
performed.  The area was denoted as PTP1 as a potential test pit follow-up location.  The location was GPS 
located for possible future excavation. 

 TP6 (near the toe of the north side slope in a small observed depression):  This location was exposed by 
manually removing the Type B riprap material to expose the underlying bedding layer material in an 
approximately 6’ by 4’ area.  The riprap layer was roughly 14-inches thick.  Windblown material was observed 
on the riprap layer at approximately 6-inches below the surface.  The top of the bedding layer showed a 
depression in the bedding material of about 8-inches.  An approximate 8-inch-thick layer of bedding material 
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was encountered below the riprap materials, which contained little to no fine grained materials and did not 
appear to meet the gradation specifications in accordance with the cell completion report.  An approximate 2-
inch-thick, red, weakly-cemented layer was observed immediately below the base of the bedding layer.  
Below the red cemented layer, very soft radon barrier material was noted, with evidence of radon barrier 
incisement in one area that was easily penetrated with hand tools to over 6-inches in depth.  Also noted was 
a void that extended 3-inches under the cemented layer.  The area of depression was about 12-inches wide 
by 24-inches long.  The exposed radon barrier and bedding layer were painted with survey marker paint for 
future reference.  Restoration of the test pit proceeded with cover material replacement consistent with the as 
built conditions encountered during removal. 

 Completed the test pits at 1630 on 1/24/18.  Walked the south, west, and top slopes of the site to review the 
test pit locations with NNUMTRA/AML personnel.  Left the site at 1745. 

 
Summary (1/25/2018): 
 

 John Manée, Jeff Carman, Evan Tyrrell, Ryan Hernandez, Travis Thoele, and Curtis Hales arrived at the site 
on 1/25/18 at 0715. Gilbert Dayzie arrived at about 0800. 

 The intent of the morning was to observe the east side slope as the sun came up, and proceed to the west 
slope as it continued to rise.  The sun was only clearly visible on the top of the east slope for a few minutes, 
before it became obscured by cloud cover.  Cloud cover persisted for the remainder of the morning. 

 TP12 (area with minor surface depression on the east side slope):  This area was exposed by manually 
removing the Type B1 riprap material to expose the underlying bedding layer material in an approximately 6’ 
by 4’ area.  The riprap layer was roughly 12-inches thick.  Windblown material was observed on the riprap 
layer at approximately 5-inches below the surface.  An approximate 4-inch-thick layer of bedding material 
was encountered below the riprap materials, which contained little to no fine grained materials and did not 
appear to meet the gradation specifications in accordance with the cell completion report.  There was a noted 
depression at the bedding layer that continued into the radon barrier.  This depression was noted to be 2-
inches lower on the north side of the test pit compared to the south side.  The radon barrier was dry, very 
soft, and showing beginning signs of possible erosion.  No cementation was observed.  The exposed radon 
barrier and bedding layer were painted with survey marker paint for future reference.  Restoration of the test 
pit proceeded with cover material replacement consistent with the as built conditions encountered during 
removal.  

 TP 13 (south and upslope of TP12):  This area was exposed by manually removing the Type B1 riprap 
material to expose the underlying bedding layer material in an approximately 3’ by 3’ area.  The riprap layer 
was roughly 13-inches thick.  Windblown material was observed on the riprap layer at approximately 6-inches 
below the surface.  An approximate 6-inch thick layer of bedding material was encountered below the riprap 
materials.  The bedding layer exhibited 1-1/2 to 2-inch material at the top of the layer, with ¼” to ½” material 
at the lower portion of the layer, showing more fines than most previous locations, and appeared to meet the 
gradation specifications in accordance with the cell completion report.  The fines extended ¾” to 1” from the 
top of the radon barrier and the top of the radon barrier appeared to be in good condition.  Restoration of the 
test pit proceeded with cover material replacement consistent with the as built conditions encountered during 
removal. 

Key Findings: 

 No breach through the radon barrier was evident throughout this field work and no elevated radiological 
readings were observed. 

 Riprap and bedding layer thicknesses appeared to meet specifications at test pit locations. 
 Windblown sediment accumulation was present below the immediate riprap surface at all test pit locations. 
 North and east side slopes exhibiting radon barrier degradation (piping/voids, incisement, and/or 

cementation) at TP6, TP7, and TP12 with weak-cementation present at TP6 and TP7.  Signs of incipient 
radon barrier degradation were observed at one location of the east side slope (TP12), but were not as 
evident as radon barrier degradation observed at TP6 and TP7 on the north side slope. 

 Bedding Material 
 Fines appear to be absent towards lower portions of north and east side slopes (TP6, TP7, and TP12). 
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Included Items: 

 The following documents are attached to this Report: 

1. Trip Photos 

2. Test Pit Locations Map 

 

Cc: Dan Brennecke  Dan Nordeen  Jeff Carman 

 Evan Tyrrell  David Miller   
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      TP6 – Bedding Layer/Depression        TP6 - Bedding Layer/Depression 
 
 
 

   
       TP6 – Void             TP6 – Void 
 
 
 

   
  TP6 – Depth of Void           TP7 – Bedding Layer 
 
 

   
       TP7 – Depression           TP7 - Void 
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  TP7 – Voids          TP9 – Top Slope Riprap 
 
 
 

   
       TP9 – Bedding Layer    TP9 – Elevated Feature in Bedding Layer 
 
 

   
     TP9 – Depth to Radon Barrier     TP10 – Top of Bedding Layer 
 
 

   
      TP10 – Bedding Layer        TP10 – Top of Radon Barrier 
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     TP11 – Bedding Layer      TP11 – Bedding Layer 

 
 
 

   
      TP11 – Top of Radon Barrier    TP12 – Top of Bedding Layer 
 
 
 

   
    TP12 – Top of Radon Barrier        TP13 – Top of Bedding Layer 
 
 

 
      TP13 – Top of Radon Barrier 
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Service Layer Credits:  Source: Esri,
DigitalGlobe, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AeroGRID,
IGN, and the GIS User Community
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ID X Coordinate Y Coordinate
TP1 2115348.524 10017317.281
TP2 2115344.840 10017151.568
TP3 2115138.872 10017038.878
TP4 2114928.670 10017273.578
TP5 2115356.857 10017344.884
TP6 2114525.283 10017597.647
TP7 2114501.049 10017541.092
TP8 2115309.053 10017293.178
TP9 2114034.758 10017171.723
TP10 2113883.564 10017204.353
TP11 2113321.806 10016129.590
TP12 2115341.133 10016742.551
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Appendix D 
 

Precipitation Data 
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Year Ann Rain (in.) Year Ann Rain (in.)

1 1946 4.58 1 1996 5.43

2 1947 7.32 2 1997 6.54

3 1948 7.26 3 1998 4.99

4 1949 8.39 4 1999 5.03

5 1950 1.74 5 2000 7.11

6 1951 2.72 6 2001 5.11

7 1952 8.30 7 2002 6.56

8 1953 4.45 8 2003 5.75

9 1954 4.23 9 2004 6.67

10 1955 2.63 10 2005 11.50

11 1956 3.98 11 2006 5.75

12 1957 9.57 12 2007 7.60

13 1958 3.96 13 2008 5.93

14 1959 4.57 14 2009 5.80

15 1960 5.78 15 2010 10.56

16 1961 6.54 16 2011 4.70

17 1962 4.59 17 2012 3.77

18 1963 3.82 18 2013 6.73

19 1964 3.34 19 2014 4.08

20 1965 9.25 20 2015 13.86

21 1966 7.44 21 2016 8.07

22 1967 4.84 Average 6.74

23 1968 6.16

24 1969 4.92

25 1970 6.36

26 1971 5.76

27 1972 9.93

28 1973 6.93

29 1974 5.49

30 1975 4.95

31 1976 4.31

32 1977 3.04

33 1978 9.63

34 1979 7.08

35 1980 7.89

36 1981 7.54

37 1982 8.21

38 1983 9.19

39 1984 6.70

40 1985 7.82

41 1986 7.20

42 1987 8.45

43 1988 5.99

44 1989 3.70

45 1990 6.46

46 1991 4.90

47 1992 9.51

48 1993 8.76

49 1994 4.64

50 1995 6.42

Average 6.14

Mexican Hat Average Annual Rainfall

Prior to Cover Compele After Cover Compele

Hydrology Review Data
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YEAR(S)

1995 1.12 0.15 1.50 0.55 1.76 0.17 0.09 0.57 0.27 0.00 0.11 0.13 6.42

1996 0.29 0.14 0.11 0.06 0.66 0.31 0.24 0.10 1.10 0.81 1.41 0.20 5.43

1997 0.82 0.25 0.01 1.25 0.36 0.04 0.23 1.20 1.18 0.85 0.27 0.08 6.54

1998 0.25 1.12 0.65 0.28 0.14 0.00 0.37 0.07 0.55 1.23 0.31 0.02 4.99

1999 0.13 0.03 0.00 0.79 0.53 0.15 1.55 1.25 0.45 0.00 0.01 0.14 5.03

2000 0.42 0.20 1.55 0.13 0.10 0.10 0.85 0.70 0.65 1.99 0.26 0.16 7.11

2001 0.80 0.52 0.65 0.25 0.15 1.15 0.13 0.42 0.16 0.01 0.28 0.59 5.11

2002 0.14 0.00 0.22 0.15 0.01 0.00 0.10 0.41 3.73 1.22 0.36 0.22 6.56

2003 0.22 1.15 0.76 0.02 0.07 0.11 0.22 0.50 1.26 0.37 0.84 0.23 5.75

2004 0.43 1.01 0.02 1.00 f 0.00 0.01 0.64 0.18 2.12 0.22 1.34 0.70 6.67 a

2005 1.60 2.03 c 0.38 0.44 0.13 0.45 0.64 2.80 2.25 0.65 0.10 0.03 11.5

2006 0.48 0.10 1.00 0.02 0.11 0.15 0.87 0.33 0.14 2.11 0.08 0.36 5.75

2007 0.30 0.65 0.24 0.36 0.91 0.20 1.18 1.76 0.36 0.34 0.63 0.67 7.6

2008 1.19 1.31 0.00 0.10 0.37 0.06 0.02 0.25 0.16 0.60 0.76 1.11 a 5.93

2009 0.30 0.15 0.00 0.26 1.63 0.68 0.10 0.11 0.23 0.31 0.31 1.72 a 5.8

2010 1.64 1.16 0.88 0.08 0.78 0.18 0.60 2.20 1.11 1.07 0.07 0.79 10.56

2011 0.00 0.13 0.07 0.43 0.20 0.02 1.36 0.15 0.84 0.53 0.28 0.69 4.7

2012 0.47 0.34 0.10 0.05 0.00 0.00 0.63 0.95 0.43 0.35 0.00 0.45 3.77

2013 1.15 0.12 0.25 0.06 0.40 0.00 0.93 0.63 1.59 0.12 1.31 0.17 a 6.73

2014 0.00 0.28 0.10 0.10 0.29 0.00 0.21 1.01 1.23 0.34 0.11 0.41 4.08

2015 0.82 3.55 a 0.49 0.15 0.48 1.52 2.24 1.12 0.12 2.43 0.63 0.31 13.86

2016 2.70 a 0.47 0.19 0.43 0.32 0.02 0.41 1.30 0.71 0.05 0.55 0.92 8.07

Represents the highest rainfall for a given month since cover construction completed.

Added to show that for 5‐months of a single year (2015) the rainfall was greater than one inch.

MEXICAN HAT, UT
Monthly Sum of Precipitation (Inches) 1946 to Present

File last updated on February 09, 2017
a = 1 day missing, b = 2 days missing, c = 3 days, ..etc..,
z = 26 or more days missing, A = Accumulations present

Long‐term means based on columns; thus, the monthly row may not
sum (or average) to the long‐term annual value.

MAXIMUM ALLOWABLE NUMBER OF MISSING DAYS : 5
Individual Months not used for annual or monthly statistics if more than 5 days are missing.

Individual Years not used for annual statistics if any month in that year has more than 5 days missing.

YEAR(S)

MEAN 0.58 0.54 0.42 0.33 0.40 0.23 0.65 0.77 0.70 0.81 0.49 0.51 6.58

S.D. 0.60 0.61 0.42 0.33 0.44 0.35 0.58 0.67 0.65 0.90 0.39 0.46 2.14

SKEW 1.46 2.51 1.18 1.22 1.64 2.05 0.97 1.77 1.83 3.34 0.86 0.87 0.76

MAX 2.70 3.55 1.74 1.36 1.76 1.52 2.33 3.74 3.73 6.20 1.62 1.72 13.86

MIN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.63

YRS 71 70 71 70 71 71 69 70 70 69 69 69 64

SEP OCT NOV DEC ANNUAL

Monthly Sum of Precipitation (Inches) Post Cover Completion
ANN

Period of Record Statistics (1946 to Present)

JAN FEB MAR APR MAY JUN JUL AUG

JUL AUG SEP OCT

Note:  Data listed in this table 
represents historical statistics based on 
measurements that were collected 
from the beginning (1946) to date.

NOV DECJAN FEB MAR APR MAY JUN

Western Regional Climate Center
(https://wrcc.dri.edu)
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Appendix E 
 

Revised Filter Criteria Between Type B Riprap and Bedding 
Calculations 
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 Calculation No.:  
 
 
 

 

Technical Task Cover Sheet  
  

Discipline 
 
 geotechnical/hydrological 

 
 

 
Number of Sheets 

 
 

 
 

 
  
Project:  
Legacy Management 

 
Site:  
Mexican Hat, UT 

 
Subject:  
Filter Criteria between Type B riprap and Bedding Layer 

 
Sources of Data:  
 
MK Calculation, “UMTRA HAT/MON, Erosion Protection, Oversizing, Gradation & Thickness”, No. 9-418-05-01 
 
 

  
  

Calculated by 
 

Date 
 

Checked by 
 

Date 

           
                         

G. Smith 9/12/2016 
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 Calculation No.:  
 
 

 

 
Problem Statement: 
 
Check filter criteria between Type B (&B1) riprap erosion protection and the bedding layer. 
 
Method of Solution 
 
Use open graded filter criteria to check filter compatibility between the two materials.  
 
Assumptions: 
 
As-built materials meet design specifications 
 
Sources of Formulas and References: 
 
Cedergren, Harry, R., 1988. Seepage, Drainage, and Flow Nets, 3rd edition, John Wiley and Sons, New 
York, NY. 
 
Pit Slope Manual, Chapter 9 Waste Embankments, 1979. Mining Research Program, Mining Research 
Laboratories, CANMET Report 77-01.  
 
Computer Source: 
 
NA 
 
Calculation: 
 
Gradation of the Bedding Layer and Type B and B1 riprap are presented below and shown graphically 
on Figure  No. 1 (ref: MK Calculation HAT/MON, Erosion Protection, Oversizing, Gradation & Thickness”, No. 
9-418-05-01). 
 

Bedding Layer 
Sieve Size (square opening) % passing (by weight) 

3-inch 100 
1.5-inch 50-100 
1-inch 35-70 
No. 4 10-30 
No. 30 0-10 
No. 100 0-5 

 
Type B Riprap Layer 

Sieve Size (square opening) % passing (by weight) 
8-inch 100 
6-inch 25-100 
5-inch 0-100 
4-inch  0-25 
1-inch 0-5 

Appendix E, Page 2



 Calculation No.:  
 
 

 

 
Type B1 Riprap Layer 

Sieve Size (square opening) % passing (by weight) 
5-inch 100 
4-inch 0-100 
3-inch 0-50 
2-inch  0-25 
No. 4 0-5 

 
Open graded filters are required to prevent internal erosion of fine protection material.  To be effective 
the filter must be more permeable than the protected material and its gradation must be that voids are 
sufficiently small to prevent passage of fine material from the protected material.   
 
Filter criteria has 5 rules as follows (15 and 85 represent effective diameters of magnitude % passing, F 
is filter material and B represents the protected material) : 
 
Rule #1 
D15 F/D85 B < 5 piping ratio, 
 
Rule  #2 
D15 F/D15 B >5 and < 20 guarantees sufficient permeability and to eliminate hydrostatic forces in filters, 
 
Rule #3 
D50F/D50B < 25 prevents movement of particles through filters, 
 
Rule #4 
D85F/D15F > 5 filter should filter itself and filter should be graded smoothly, 
 
Rule #5 
Filters should not contain more than 5% passing No. 200 sieve. 
 
 
In this analysis the bedding material is the protected material and Type B and B1 ripraps are the filters. 
 
The following effective diameters for bedding and riprap material are evident from Figure No. 1. 
 
 
 

Effective diameters for Material Layers 
Material/Effective dia. D15 (mm) D50 (mm) D85 (mm) 
Bedding Layer 6 - 1 53 – 9.5 60 - 30 
Type B riprap 150 - 50 177 - 108 195 - 122 
Type B1 riprap 101 - 35 110 - 76 130 - 95 
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 Calculation No.:  
 
 

 

 
Type B/Bedding Layer 
Rule #1 ; 146/30 = 4.9 < 5 ok 
Rule #2 ; 50/6 = 8.33 > 5, <20 ok 
Rule #3 ; 177/9.5 = 18.6 < 25 ok 
Rule #4 ; 200/50 = 4 ng 
Rule #5 ; 0% passing #200 ok 
 
Type B1/Bedding Layer 
Rule #1 ; 101/30 = 3.4 < 5 ok 
Rule #2 ; 35/6 = 5.8 > 5, <20 ok 
Rule #3 ; 110/9.5 = 11.6 < 25 ok 
Rule #4 ; 130/35 = 3.7 ng 
Rule #5 ; 0% passing #200 ok 
 
Discussion: 
 
Both types of riprap will prevent piping of the bedding layer and are permeable enough to prevent 
buildup of hydrostatic forces within the riprap.  Both riprap material will prevent erosion of the bedding 
layer through the riprap layers.  However, both ripraps do not filter themselves but are free of excessive 
fines.  Both riprap gradations do not contain enough finer rock to be smoothly graded to provide a filter 
for itself, however the gradations are correctly designed as a uniform rock materials to provide erosion 
protection. 
 
Conclusion and Recommendations: 
 
Both types of riprap adequately filter the bedding layer from internal erosion and piping.  However 
neither riprap filters itself.  This is not a concern due to the fact that the riprap layers are designed to 
provide erosion protection against wind and water erosion and were not designed as filters.  Also the 
hydraulics to cause removal of riprap material will not arise. 
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Demolition and Contaminated Material Placement 
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Demolition Specification 
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