




APPLICATION FOR COAL PERMIT PROCESSING 
Detailed Schedule Of Changes to the Mining And Reclamation Plan 

 
Permittee:  Canyon Fuel Company, LLC 
Mine:  Skyline Mine Permit Number:  C/007/005 
Title:  Winter Quarters Outfall Increase 
 
Provide a detailed listing of all changes to the Mining and Reclamation Plan, which is required as a result of this proposed permit 
application.  Individually list all maps and drawings that are added, replaced, or removed from the plan.  Include changes to the table 
of contents, section of the plan, or other information as needed to specifically locate, identify and revise the existing Mining and 
Reclamation Plan.  Include page, section and drawing number as part of the description. 
 

DESCRIPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGED 

 Add  Replace  Remove 
Chapter 1, Appendix 118A, StreamAlterationEmergencyActionAuthorization, six (6) Water 
Rights user letters 

 Add  Replace  Remove Chapter 2, Section 2.3, pages 2.35c, 2-36, 2-36b 
 Add  Replace  Remove Chapter 2, Section 2.4, page 2.45 
 Add  Replace  Remove Chapter 2, Section 2.5, page 2-51g  
 Add  Replace  Remove Chapter 2, Section 2.5 page 2-51g1 
 Add  Replace  Remove Chapter 2, Section 2.8 pages 2-71a, page 2-72a (Table 2.8-1a) 
 Add  Replace  Remove Chapter 3, Section 3.2, page 3-23(a)  
 Add  Replace  Remove Chapter 3, Plates 3.2.4-3A_Rev4_5-5-20, 3.2.4-3D-Rev1_5-5-20, 3.2.4-3E_Rev2_5-1-20  

 Add  Replace  Remove 
Appendix A-1, Evaluation of Geomorphic Conditions in Winter Quarters Canyon Near 
Skyline Mine Ventilation Portal, April 2017  

 Add  Replace  Remove Appendix A-1, Winter Quarters Surface Irrigation memo  
 Add  Replace  Remove Appendix A-5, Section 25, Winter Quarters Energy Dissipator Design  
 Add  Replace  Remove Chapter 4, Section 4.3, Winter Quarters Demolition page 
 Add  Replace  Remove Chapter 4, Section 4.4, page 4-28 
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       
 Add  Replace  Remove       

 
Any other specific or special instruction required for insertion of this proposal into the 
Mining and Reclamation Plan. 
 
Submitted electronically.  Hard copies will be shipped for incorporation following approval. 

Received by Oil, Gas & Mining 

Form DOGM - C2 (Revised March 12, 2002)  
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EVALUATION OF GEOMORPHIC CONDITIONS 
IN WINTER QUARTERS CANYON NEAR THE 

SKYLINE MINE VENTILATION PORTAL 
 
 

CHAPTER 1 
 

INTRODUCTION 
 
 

Canyon Fuel Company operates the Skyline Mine in Carbon County, Utah.  The primary 

portal for this mine is located in Eccles Canyon, approximately 3.7 miles southwest of Scofield, 

Utah.  A ventilation portal for the mine exists in Winter Quarters Canyon, approximately 2.2 

miles west of Scofield. 

 

Canyon Fuel requested that EarthFax Engineering Group, LLC evaluate geomorphic 

conditions in Winter Quarters Creek upstream and downstream from the ventilation portal to aid 

in evaluating the long-term impacts of portal operations on the stream.  This project included 

surveying the longitudinal profile and cross section of the stream in four locations, collection and 

analysis of soil and streambed samples from those four locations, and evaluation of the 

resulting data. 

 

Field work for this project was conducted on September 27, 2016.  This report presents 

the methods used to collect the data and the results of our investigation. 
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CHAPTER 2 
 

FIELD DATA COLLECTION METHODS 
 
 

Reference sites were established on Winter Quarters Creek at the locations shown on 

Figure 1.  All reference sites were established in general conformance to the recommendations 

of Harrelson et al. (1994).  The work at each site involved the following: 

 

 Establish benchmarks - Benchmarks were installed at locations WQ-1, WQ-3, 
and WQ-4 using a portable power auger by drilling an 8-inch diameter hole to a 
depth of at least 36-inches (unless restricted by cobbles).  Each hole was filled 
with concrete and the monument was identified with a brass marker stamped 
with the site number.  An exception to this method of benchmark installation 
occurred at WQ-2, where a buried steel rail existed at a location convenient to 
the reference reach and was used as the benchmark.  Photographs were taken 
and the benchmarks were surveyed using a Topcon Tesla GPS unit.  Table 1 
presents the coordinates of the benchmarks in both latitude/longitude and State 
Plane coordinate systems. 

 
 Establish cross sections - One cross section was established in each reach by 

installing 4-foot long, ½ -inch diameter steel reinforcing bars that were driven 
approximately 3.5 feet into the ground.  The bars were painted orange and 
marked with survey flagging. 

 
 Survey each channel cross section - Each cross section was surveyed using the 

Topcon Tesla GPS unit.  Elevations and locations were shot at each important 
feature or change in grade (e.g., slope breaks, channel banks, bankfull stages, 
etc.).  The survey was closed by re-shooting the station benchmark. 

 
 Survey each reference reach longitudinal profile - Reference reaches were 

established that extended approximately 20 times the channel width (half 
upstream and half downstream from the cross section location).  Data were 
collected to indicate the elevation of the channel bottom and the water surface at 
each point.  Data were collected using the Topcon Tesla GPS unit. 

 
 Photograph each channel reach and cross section - Photographs were taken of 

each channel reach and cross section location during the field investigation. 
 
 

Samples of the bed and bank materials were collected at each channel reach to 

evaluate geomorphic and stability relationships at those locations.  Grab samples were 

analyzed for gradation, soil moisture, and Atterberg Limit testing. 
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CHAPTER 3 
 

RESULTS SUMMARY 
 
 

3.1 REFERENCE SITE CHARACTERIZATION 

 

Data collected from the channel cross sections and profiles are presented in Figures 2 

through 5.  These figures also provide photographs of each reference reach and cross section.  

Table 2 presents a summary of the hydraulic gradient at each reference reach based on the 

water-surface survey collected during the site survey.  Average hydraulic gradients range from a 

high of 0.048 ft/ft in reach WQ-2 to a low of 0.011 ft/ft in reach WQ-4.  Maximum hydraulic 

gradients range from a high of 0.135 ft/ft in reach WQ-2 to a low of 0.030 ft/ft in reach WQ-4.  

Minimum hydraulic gradients range from a high of 0.005 ft/ft in reaches WQ-3 and WQ-4 to 

0.002 in reach WQ-1. 

 

General descriptions of each reference reach follows: 

 

 WQ-1: This reach is located immediately upstream of the ventilation portal.  The 
upper portion of this reach flows to the north-northeast, while the middle and 
lower portions flow to the east-northeast.  The south bank of this reach is well 
vegetated with grasses.  The upper and lower portions of the north bank of this 
reach are similarly vegetated, while the middle section of the north bank is a 
steep, south-facing natural slope that is much drier.  No areas of substantial 
channel instability were apparent at the time of our field survey. 

 
 WQ-2:  This reach is located near the point where the ventilation portal access 

road leaves the Winter Quarters Canyon road.  The north bank of this reach is 
part of a well-vegetated alluvial bench, with the vegetation consisting primarily of 
grasses.  The south bank, which is part of a natural hill slope, is moderately well 
vegetated with grasses and small shrubs.  No areas of substantial channel 
instability were apparent in this reach at the time of our field survey. 

 
 WQ-3:  This reach is located near the point where a road departs to the northeast 

from the Winter Quarters Canyon road.  The upper end of this reach has a sharp 
meander bend where active erosion is occurring on the outside of the bend.  
Stinging nettle covers the eroded bank at this location.  The north bank through 
the remainder of this reach is well vegetated with grasses.  The south bank is 
well vegetated with willows and a grass understory.  Other than the erosion in the 
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meander bend at the upper end of this reach, no areas of substantial channel 
instability were apparent at the time of our field survey. 

 
 WQ-4:  This reach is located near a south, ephemeral tributary of Winter 

Quarters Creek, downstream from a series of beaver ponds and upstream from 
the historic Winter Quarters Mine surface facilities.  The bench mark is located in 
an area covered by historic coal fines.  The north and south banks of the reach 
are well vegetated with grasses.  The north bank is located immediately adjacent 
to the Winter Quarters Canyon road.  No areas of substantial channel instability 
were apparent in this reach at the time of our field survey. 

 

3.2 STREAM BED AND BANK STABILITY EVALUATION 

 

Soil and streambed samples were collected in each reach, as indicated in Table 3.  

These samples were submitted to Intermountain GeoEnvironmental Services for analyses of 

various physical properties.  The results of analyses of those samples are provided in Appendix 

A and summarized in Table 4. 

 

The bank and floodplain soils along the reaches of Winter Quarters Creek that were 

sampled in this study consist of silty sand to sandy silt except in reach WQ-4 where the surficial 

material consisted of silty gravel.  Channel bed materials range in size from sands through 

cobbles and are fairly uniform throughout the four reaches, with a median grain size that varies 

from 81 t0 89 mm (3.2 to 3.5 inches). 

 

Rating tables and curves at each cross section are provided in Appendix B.  These 

ratings were calculated using version 6.0 of FlowMaster based on the average hydraulic slope 

and the following judgmentally-selected Manning roughness coefficients (“n”): 

 

 Channel bottom (i.e., gravel and cobbles): n = 0.040 

 Dry bank sagebrush: n = 0.050 

 Floodplain grasses: n = 0.035 

 Floodplain willows: n = 0.100 
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The erosional stability of the channel bed at each cross section was determined based 

on the data provided in Appendix B and the maximum permissible velocity methods of the U.S. 

Natural Resources Conservation Service (2007).  For the channel bed, the maximum 

permissible velocity was set equal to the basic velocity of Figure 6, based on the median rock 

diameters provided in Table 4.  No corrections of this basic velocity were considered necessary 

since the reaches are generally straight and bank stability was evaluated separately (see 

below).  As indicated in Table 5, the channel bed materials are considered stable at all cross 

sections except WQ-2 when the stream is flowing at the full stages evaluated.  At WQ-2, the full 

cross-section velocity exceeds the erosionally-stable velocity by about 7 percent.  Thus, except 

potentially at cross section WQ-2, substantial downcutting is not anticipated in the stream 

channel during high-discharge events. 

 

The stability of the banks and floodplains was assessed based on field observations, 

professional judgment, and guidelines provided by Rosgen (2001).  Reach WQ-1 exhibited no 

active erosion at the time of the field visit.  Generally, the north and south banks of this reach 

are well vegetated and appear to be stable.  However, the north bank in the middle portion of 

this reach is a dry, south-facing slope with a lower vegetation density.  This lower vegetative 

density increases the erosion hazard in this section of the reach.  Furthermore, a short section 

of the south bank has sluffed into the channel near the downstream end of this reach.  At high 

flows, bank erosion may be increased adjacent to this sluffed section.  Therefore, the erosion 

hazard in this reach is categorized as moderate. 

 

The north bank in reach WQ-2 is very well vegetated while the south bank is moderately 

well vegetated.  No evidence of active erosion was noted in this reach during the field visit.  

Therefore, the erosion hazard in this reach is categorized as low. 

 

The north and south banks of reach WQ-3 are generally well vegetated throughout, 

except on a sharp meander bend at the upper end of the reach.  At this location, active erosion 

is occurring on the outside of the meander bend and, in this localized area, the erosion hazard 

is categorized as high.  Throughout the remainder of the reach, the erosion hazard is 

categorized as low. 
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The channel banks in reach WQ-4 are well vegetated and show no signs of active 

erosion.  The erosion hazard in this reach is categorized as low. 
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TABLE 1 
 

Benchmark Locations 
 

 
Site 

Elevation 
(ft) 

 
Latitude 

 
Longitude 

State Plane Coordinates (ft) 
Northing Easting 

WQ-1 8111.85 39o 43’ 11.46” 111o 12’ 08.88” 7066835 1724109 
WQ-2 8064.39 39o 43’ 12.60” 111o 11’ 56.12” 7066954 1725106 
WQ-3 8034.97 39o 43’ 13.16” 111o 11’ 44.07” 7067013 1726047 
WQ-4 7955.11 39o 43’ 11.61” 111o 11’ 16.89” 7066864 1728171 

 
 Notes: Coordinates in NAD83 system 
 State Plane Zone: 4302 
 
 
 
 
 
 
 

TABLE 2 
 

Hydraulic Gradient of Each Reference Reach 
 

Reference 
Reach 

Hydraulic Gradient (ft/ft) 
Maximum Minimum Average 

WQ-1 0.059 0.002 0.026 
WQ-2 0.135 0.004 0.048 
WQ-3 0.038 0.005 0.024 
WQ-4 0.030 0.005 0.011 
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TABLE 3 
 

Samples Submitted for Analysis of Physical Properties 
 

Sample 
No. 

Sample 
Description 

Analyses 
Requested 

WQ-1A South bank, 6-12” depth Gradation, Atterberg limits, Soil classification 
WQ-1B South bank, 18-30” depth Gradation, Atterberg limits, Soil classification 
WQ-2A North bank, 3-10” depth Gradation, Atterberg limits, Soil classification 
WQ-2B North bank, 10-14” depth Gradation, Atterberg limits, Soil classification 
WQ-3A North bank, 3-9” depth Gradation, Atterberg limits, Soil classification 
WQ-4A North bank, 3-9” depth Gradation, Atterberg limits, Soil classification 
WQ-4B North bank, 14-20” depth Gradation, Atterberg limits, Soil classification 

WQ-1CB Streambed surface sample Gradation 
WQ-2CB Streambed surface sample Gradation 
WQ-3CB Streambed surface sample Gradation 
WQ-4CB Streambed surface sample Gradation 

 
 
 
 
 

TABLE 4 
 

Summary of Channel and Floodplain Soil Properties 
 

Sample 
No. 

Sample 
Depth (in) 

Soil 
Description 

Grain Size (mm) 
D20 D50 D80 

WQ-1A 6-12 Silty sand 0.07 0.13 0.21 
WQ-1B 18-30 Poorly-graded gravel 

with silt and sand 
0.18 11 33 

WQ-2A 3-10 Silty sand 0.07 0.13 0.24 
WQ-2B 10-14 Silty sand 0.06 0.12 0.23 
WQ-3A 3-9 Sandy silt 0.04 0.07 0.15 
WQ-4A 3-9 Silty gravel with sand 0.95 5.6 30 
WQ-4B 14-20 Silty sand 0.05 0.11 0.22 

WQ-1CB 0-6 Gravel - Channel bed 46 89 160 
WQ-2CB 0-6 Gravel - Channel bed 51 89 160 
WQ-3CB 0-6 Gravel - Channel bed 42 83 110 
WQ-4CB 0-6 Gravel - Channel bed 41 81 130 
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TABLE 5 
 

Maximum Permissible Velocities of the 
Channel Bed in the Reference Reaches 

 
Cross 

Section 
D50 

(mm) 
Discharge at Full 

Cross Section (cfs)(a) 
Velocity (ft/s) Stability at Full 

Cross Section Actual Peak(a) Permissible 
WQ-1 89 262 7.95 10.4 Stable 
WQ-2 89 503 11.11 10.4 Unstable 
WQ-3 83 671 7.62 10.2 Stable 
WQ-4 81 554 7.51 10.1 Stable 

(a) At full cross section, based on average hydraulic slope (see Appendix B) 



G
:\
U
C
7
9
4
\
2
5
 
-
 
W
in
te
r 
Q
u
a
rt
e
rs
 
C
a
n
yo
n
 
g
e
o
m
o
rp
h
o
lo
g
y\

D
W
G
\
F
IG
U
R
E
 
1.
d
w
g
, 
4
/
2
1/

2
0
17
 
10
:5
1:
5
4
 
A
M
, 
D
W
G
 
T
o
 
P
D
F
.p
c
3



G
:\
U
C
7
9
4
\
2
5
 
-
 
W
in
te
r 
Q
u
a
rt
e
rs
 
C
a
n
yo
n
 
g
e
o
m
o
rp
h
o
lo
g
y\

D
W
G
\
F
IG
U
R
E
 
2
.d
w
g
, 
4
/
2
1/

2
0
17
 
10
:5
4
:0
3
 
A
M
, 
D
W
G
 
T
o
 
P
D
F
.p
c
3



G
:\
U
C
7
9
4
\
2
5
 
-
 
W
in
te
r 
Q
u
a
rt
e
rs
 
C
a
n
yo
n
 
g
e
o
m
o
rp
h
o
lo
g
y\

D
W
G
\
F
IG
U
R
E
 
3
.d
w
g
, 
4
/
2
1/

2
0
17
 
10
:5
5
:5
0
 
A
M
, 
D
W
G
 
T
o
 
P
D
F
.p
c
3



G
:\
U
C
7
9
4
\
2
5
 
-
 
W
in
te
r 
Q
u
a
rt
e
rs
 
C
a
n
yo
n
 
g
e
o
m
o
rp
h
o
lo
g
y\

D
W
G
\
F
IG
U
R
E
 
4
.d
w
g
, 
4
/
2
1/

2
0
17
 
11
:0
2
:3
2
 
A
M
, 
D
W
G
 
T
o
 
P
D
F
.p
c
3



G
:\
U
C
7
9
4
\
2
5
 
-
 
W
in
te
r 
Q
u
a
rt
e
rs
 
C
a
n
yo
n
 
g
e
o
m
o
rp
h
o
lo
g
y\

D
W
G
\
F
IG
U
R
E
 
5
.d
w
g
, 
4
/
2
1/

2
0
17
 
11
:0
4
:1
2
 
A
M
, 
D
W
G
 
T
o
 
P
D
F
.p
c
3



 
 
 
 
 

 
SOURCE: US NATURAL RESOURCES CONSERVATION SERVICE (2007) 

 
 
 
 
 
 

FIGURE 6.  ALLOWABLE VELOCITY IN CHANNEL BED 
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APPENDIX A 
 

Soil Laboratory Data 
  



Liquid Limit, Plastic Limit, and Plasticity Index of Soils
(ASTM D4318) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Preparation method:

Liquid Limit:
Plastic Limit

Determination No
Wet Soil + Tare (g)
Dry Soil + Tare (g) Difficult to thread.

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

Liquid Limit: Could not be determined (N.P.)
Determination No

Number of Drops, N
Wet Soil + Tare (g) Unable to obtain an adequate blow count.
Dry Soil + Tare (g)

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

One-Point LL (%)

Liquid Limit, LL (%)
Plastic Limit, PL (%)

Plasticity Index, PI (%)

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[ALv1.xlsm]1

Wet
Could not be determined (N.P.)

Nonplastic (N.P.)
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SILT, brown

BRR
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils
(ASTM D4318) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Preparation method:

Liquid Limit:
Plastic Limit

Determination No
Wet Soil + Tare (g)
Dry Soil + Tare (g) Difficult to thread.

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

Liquid Limit: Could not be determined (N.P.)
Determination No

Number of Drops, N
Wet Soil + Tare (g) Unable to obtain an adequate blow count.
Dry Soil + Tare (g)

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

One-Point LL (%)

Liquid Limit, LL (%)
Plastic Limit, PL (%)

Plasticity Index, PI (%)

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[ALv1.xlsm]2

11/2/2016 SILT, brown
BRR

Wet
Could not be determined (N.P.)

Nonplastic (N.P.)

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-1B
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils
(ASTM D4318) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Preparation method:

Liquid Limit:
Plastic Limit

Determination No
Wet Soil + Tare (g)
Dry Soil + Tare (g) Difficult to thread.

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

Liquid Limit: Could not be determined (N.P.)
Determination No

Number of Drops, N
Wet Soil + Tare (g) Unable to obtain an adequate blow count.
Dry Soil + Tare (g)

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

One-Point LL (%)

Liquid Limit, LL (%)
Plastic Limit, PL (%)

Plasticity Index, PI (%)

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[ALv1.xlsm]3

11/2/2016 SILT, brown
BRR

Wet
Could not be determined (N.P.)

Nonplastic (N.P.)

EarthFax Engineering  
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils
(ASTM D4318) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Preparation method:

Liquid limit test method:
Plastic Limit

Determination No 1 2
Wet Soil + Tare (g) 28.76 28.17
Dry Soil + Tare (g) 27.19 26.70

Water Loss (g) 1.57 1.47
Tare (g) 21.90 21.90

Dry Soil (g) 5.29 4.80
Water Content, w (%) 29.68 30.63

Liquid Limit
Determination No 1 2 3

Number of Drops, N 32 25 17
Wet Soil + Tare (g) 28.16 27.99 28.14
Dry Soil + Tare (g) 26.24 26.17 26.25

Water Loss (g) 1.92 1.82 1.89
Tare (g) 21.82 22.19 22.13

Dry Soil (g) 4.42 3.98 4.12
Water Content, w (%) 43.44 45.73 45.87

One-Point LL (%) 46

Liquid Limit, LL (%)
Plastic Limit, PL (%)

Plasticity Index, PI (%)

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[ALv1.xlsm]4

11/2/2016 SILT, dark brown
BRR

Wet
Multipoint
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils
(ASTM D4318) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Preparation method:

Liquid limit test method:
Plastic Limit

Determination No 1 2
Wet Soil + Tare (g) 29.62 30.05
Dry Soil + Tare (g) 27.67 28.03

Water Loss (g) 1.95 2.02
Tare (g) 21.94 22.07

Dry Soil (g) 5.73 5.96
Water Content, w (%) 34.03 33.89

Liquid Limit
Determination No 1 2 3

Number of Drops, N 29 20 15
Wet Soil + Tare (g) 26.86 29.28 29.55
Dry Soil + Tare (g) 25.17 26.92 26.92

Water Loss (g) 1.69 2.36 2.63
Tare (g) 21.57 22.10 21.72

Dry Soil (g) 3.60 4.82 5.20
Water Content, w (%) 46.94 48.96 50.58

One-Point LL (%) 48 48

Liquid Limit, LL (%)
Plastic Limit, PL (%)

Plasticity Index, PI (%)

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[ALv1.xlsm]5

11/2/2016 SILT, dark brown
BRR

Wet
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils
(ASTM D4318) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Preparation method:

Liquid Limit:
Plastic Limit

Determination No
Wet Soil + Tare (g)
Dry Soil + Tare (g) Difficult to thread.

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

Liquid Limit: Could not be determined (N.P.)
Determination No

Number of Drops, N
Wet Soil + Tare (g) Unable to obtain an adequate blow count.
Dry Soil + Tare (g)

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

One-Point LL (%)

Liquid Limit, LL (%)
Plastic Limit, PL (%)

Plasticity Index, PI (%)

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[ALv1.xlsm]6

11/2/2016 SILT, brown
BRR

Wet
Could not be determined (N.P.)

Nonplastic (N.P.)

EarthFax Engineering  
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils
(ASTM D4318) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Preparation method:

Liquid Limit:
Plastic Limit

Determination No
Wet Soil + Tare (g)
Dry Soil + Tare (g) Difficult to thread.

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

Liquid Limit: Could not be determined (N.P.)
Determination No

Number of Drops, N
Wet Soil + Tare (g) Unable to obtain an adequate blow count.
Dry Soil + Tare (g)

Water Loss (g)
Tare (g)

Dry Soil (g)
Water Content, w (%)

One-Point LL (%)

Liquid Limit, LL (%)
Plastic Limit, PL (%)

Plasticity Index, PI (%)

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[ALv1.xlsm]7

11/2/2016 SILT, dark brown
BRR

Wet
Could not be determined (N.P.)

Nonplastic (N.P.)

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-4B
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data C.F.(+3/8") S.F.(-3/8")

Split: Yes Moist soil + tare (g): 197.49 544.71
 Split sieve: 3/8" Dry soil + tare (g): 193.51 498.67

Moist Dry Tare (g): 126.66 127.19
Total sample wt. (g): 3529.94 3144.52 Water content (%): 6.0 12.4

+3/8" Coarse fraction (g): 70.84 66.86
-3/8" Split fraction (g): 417.52 371.48

 Split fraction: 0.979

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 -
6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 100.0
3/4" 35.34 19 98.9
3/8" 66.86 9.5 97.9 ←Split
No.4 5.01 4.75 96.6
No.10 10.86 2 95.0
No.20 15.17 0.85 93.9
No.40 20.61 0.425 92.4
No.60 41.82 0.25 86.9

No.100 134.77 0.15 62.4
No.140 218.10 0.106 40.4
No.200 279.48 0.075 24.2

Gravel (%): 3.4
Sand (%): 72.3
Fines (%): 24.2

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]1
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data C.F.(+3/4") S.F.(-3/4")

Split: Yes Moist soil + tare (g): 2027.23 1903.23
 Split sieve: 3/4" Dry soil + tare (g): 1872.33 1734.45

Moist Dry Tare (g): 312.84 311.01
Total sample wt. (g): 4621.41 4158.32 Water content (%): 9.9 11.9

+3/4" Coarse fraction (g): 1711.93 1557.25
-3/4" Split fraction (g): 1592.22 1423.44

 Split fraction: 0.626

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 -
6" - 150 -
4" - 100 -
3" - 75 100.0

1.5" 691.23 37.5 83.4
3/4" 1557.25 19 62.6 ←Split
3/8" 326.10 9.5 48.2
No.4 448.29 4.75 42.9
No.10 534.19 2 39.1
No.20 593.31 0.85 36.5
No.40 675.03 0.425 32.9
No.60 828.93 0.25 26.1

No.100 1034.85 0.15 17.1
No.140 1160.12 0.106 11.6
No.200 1267.91 0.075 6.8

Gravel (%): 57.1
Sand (%): 36.0
Fines (%): 6.8

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]2

10/2/2016 Poorly graded GRAVEL with 
silt and sand, brownBRR

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-1B
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data C.F.(+3/8") S.F.(-3/8")

Split: Yes Moist soil + tare (g): 132.26 485.11
 Split sieve: 3/8" Dry soil + tare (g): 131.74 414.26

Moist Dry Tare (g): 126.94 124.76
Total sample wt. (g): 3264.57 2623.23 Water content (%): 10.8 24.5

+3/8" Coarse fraction (g): 5.27 4.75
-3/8" Split fraction (g): 360.35 289.50

 Split fraction: 0.998

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 -
6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
3/4" - 19 100.0
3/8" 4.75 9.5 99.8 ←Split
No.4 0.24 4.75 99.7
No.10 0.62 2 99.6
No.20 2.97 0.85 98.8
No.40 12.05 0.425 95.7
No.60 49.45 0.25 82.8

No.100 124.17 0.15 57.0
No.140 173.50 0.106 40.0
No.200 211.32 0.075 27.0

Gravel (%): 0.3
Sand (%): 72.8
Fines (%): 27.0

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]3

10/2/2016 Silty SAND, brown
BRR

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-2A
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data

Split: No Moist soil + tare (g): - 445.88
- Dry soil + tare (g): - 351.96

Moist Dry Tare (g): - 126.73
Total sample wt. (g): 319.15 225.23 Water content (%): 0.0 41.7

0.00 0.00
0.00 0.00

 Split fraction: 1.000

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 -
6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
3/4" - 19 -
3/8" - 9.5 100.0
No.4 0.10 4.75 100.0
No.10 0.76 2 99.7
No.20 5.91 0.85 97.4
No.40 15.25 0.425 93.2
No.60 38.67 0.25 82.8

No.100 87.06 0.15 61.3
No.140 124.43 0.106 44.8
No.200 155.98 0.075 30.7

Gravel (%): 0.0
Sand (%): 69.2
Fines (%): 30.7

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]4

10/2/2016 Silty SAND, brown
BRR

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-2B
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data

Split: No Moist soil + tare (g): - 923.03
- Dry soil + tare (g): - 755.53

Moist Dry Tare (g): - 393.04
Total sample wt. (g): 529.99 362.49 Water content (%): 0.0 46.2

0.00 0.00
0.00 0.00

 Split fraction: 1.000

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 -
6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
3/4" - 19 -
3/8" - 9.5 100.0
No.4 0.26 4.75 99.9
No.10 1.82 2 99.5
No.20 4.63 0.85 98.7
No.40 9.27 0.425 97.4
No.60 18.45 0.25 94.9

No.100 58.48 0.15 83.9
No.140 110.11 0.106 69.6
No.200 174.45 0.075 51.9

Gravel (%): 0.1
Sand (%): 48.1
Fines (%): 51.9

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]5

10/2/2016 Sandy SILT, brown
BRR

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-3A
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data C.F.(+3/4") S.F.(-3/4")

Split: Yes Moist soil + tare (g): 1632.88 1915.49
 Split sieve: 3/4" Dry soil + tare (g): 1507.30 1648.33

Moist Dry Tare (g): 310.53 331.46
Total sample wt. (g): 3949.93 3377.53 Water content (%): 10.493 20.3

+3/4" Coarse fraction (g): 1272.68 1151.82
-3/4" Split fraction (g): 1584.03 1316.87

 Split fraction: 0.659

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 -
6" - 150 -
4" - 100 -
3" - 75 100.0

1.5" 447.25 37.5 86.8
3/4" 1151.82 19 65.9 ←Split
3/8" 223.04 9.5 54.7
No.4 346.46 4.75 48.6
No.10 404.03 2 45.7
No.20 435.26 0.85 44.1
No.40 470.35 0.425 42.4
No.60 549.04 0.25 38.4

No.100 733.03 0.15 29.2
No.140 866.48 0.106 22.5
No.200 1017.15 0.075 15.0

Gravel (%): 51.4
Sand (%): 33.6
Fines (%): 15.0

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]6

10/2/2016 Silty GRAVEL with sand, brown
BRR

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-4A
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data C.F.(+3/8") S.F.(-3/8")

Split: Yes Moist soil + tare (g): 153.72 466.71
 Split sieve: 3/8" Dry soil + tare (g): 151.31 377.09

Moist Dry Tare (g): 127.93 128.04
Total sample wt. (g): 983.31 726.56 Water content (%): 10.308 36.0

+3/8" Coarse fraction (g): 20.18 18.29
-3/8" Split fraction (g): 338.67 249.05

 Split fraction: 0.975

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 -
6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 100.0
3/4" 18.29 19 97.5
3/8" 18.29 9.5 97.5 ←Split
No.4 0.88 4.75 97.1
No.10 8.70 2 94.1
No.20 12.74 0.85 92.5
No.40 16.64 0.425 91.0
No.60 35.21 0.25 83.7

No.100 84.31 0.15 64.5
No.140 118.35 0.106 51.2
No.200 155.01 0.075 36.8

Gravel (%): 2.9
Sand (%): 60.3
Fines (%): 36.8

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]7

10/2/2016 Silty SAND, brown
BRR

EarthFax Engineering  
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data C.F.(+3/4") S.F.(-3/4")

Split: Yes Moist soil + tare (g): 2332.40 2596.09
 Split sieve: 3/4" Dry soil + tare (g): 2143.78 1800.78

Moist Dry Tare (g): 310.51 310.22
Total sample wt. (g): 23071.13 20336.78 Water content (%): 10.3 53.4

+3/4" Coarse fraction (g): 20785.26 18846.22
-3/4" Split fraction (g): 2285.87 1490.56

 Split fraction: 0.073

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 100.0
6" 3852.98 150 81.1
4" 7907.06 100 61.1
3" 12571.73 75 38.2

1.5" 17650.85 37.5 13.2
3/4" 18846.22 19 7.3 ←Split
3/8" 403.75 9.5 5.3
No.4 563.85 4.75 4.6
No.10 729.86 2 3.7
No.20 867.00 0.85 3.1
No.40 979.79 0.425 2.5
No.60 1101.62 0.25 1.9

No.100 1219.07 0.15 1.3
No.140 1278.76 0.106 1.0
No.200 1327.24 0.075 0.8

Gravel (%): 95.4
Sand (%): 3.8
Fines (%): 0.8

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]8

11/4/2016 Brown gravel
BRR

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-1CB
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data C.F.(+3/4") S.F.(-3/4")

Split: Yes Moist soil + tare (g): 2243.64 2341.39
 Split sieve: 3/4" Dry soil + tare (g): 2118.98 1778.72

Moist Dry Tare (g): 328.28 310.51
Total sample wt. (g): 23303.90 21356.69 Water content (%): 7.0 38.3

+3/4" Coarse fraction (g): 21273.02 19888.48
-3/4" Split fraction (g): 2030.88 1468.21

 Split fraction: 0.069

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 100.0
6" 4028.74 150 81.1
4" 7766.16 100 63.6
3" 14292.15 75 33.1

1.5" 19394.82 37.5 9.2
3/4" 19888.48 19 6.9 ←Split
3/8" 256.85 9.5 5.7
No.4 422.37 4.75 4.9
No.10 595.75 2 4.1
No.20 738.52 0.85 3.4
No.40 838.48 0.425 2.9
No.60 952.24 0.25 2.4

No.100 1085.37 0.15 1.8
No.140 1162.75 0.106 1.4
No.200 1237.21 0.075 1.1

Gravel (%): 95.1
Sand (%): 3.8
Fines (%): 1.1

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]9

11/4/2016 Brown gravel
BRR

EarthFax Engineering  
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data C.F.(+3/4") S.F.(-3/4")

Split: Yes Moist soil + tare (g): 2540.98 3080.58
 Split sieve: 3/4" Dry soil + tare (g): 2318.04 2040.89

Moist Dry Tare (g): 333.16 407.92
Total sample wt. (g): 21494.83 18554.53 Water content (%): 11.2 63.7

+3/4" Coarse fraction (g): 18822.18 16921.56
-3/4" Split fraction (g): 2672.66 1632.97

 Split fraction: 0.088

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 -
6" - 150 100.0
4" 5663.66 100 69.5
3" 11371.29 75 38.7

1.5" 15691.63 37.5 15.4
3/4" 16921.56 19 8.8 ←Split
3/8" 416.08 9.5 6.6
No.4 696.74 4.75 5.0
No.10 925.91 2 3.8
No.20 1090.90 0.85 2.9
No.40 1209.14 0.425 2.3
No.60 1319.18 0.25 1.7

No.100 1450.77 0.15 1.0
No.140 1492.81 0.106 0.8
No.200 1530.92 0.075 0.5

Gravel (%): 95.0
Sand (%): 4.5
Fines (%): 0.5

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]10

11/4/2016 Brown gravel
BRR

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-3CB
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) IGES 2004, 2016

Project: Boring No.:
No: Sample:

Location: Depth:
Date: Description:

By:
Water content data C.F.(+3/4") S.F.(-3/4")

Split: Yes Moist soil + tare (g): 2527.91 3339.63
 Split sieve: 3/4" Dry soil + tare (g): 2276.53 2137.25

Moist Dry Tare (g): 309.49 536.66
Total sample wt. (g): 22028.09 18647.20 Water content (%): 12.8 75.1

+3/4" Coarse fraction (g): 19225.06 17046.57
-3/4" Split fraction (g): 2802.97 1600.59

 Split fraction: 0.086

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

8" - 200 100.0
6" 1874.98 150 89.9
4" 7222.14 100 61.3
3" 10379.62 75 44.3

1.5" 15707.18 37.5 15.8
3/4" 17046.57 19 8.6 ←Split
3/8" 529.26 9.5 5.7
No.4 786.22 4.75 4.4
No.10 981.27 2 3.3
No.20 1107.73 0.85 2.6
No.40 1190.30 0.425 2.2
No.60 1264.21 0.25 1.8

No.100 1340.18 0.15 1.4
No.140 1382.90 0.106 1.2
No.200 1422.98 0.075 1.0

Gravel (%): 95.6
Sand (%): 3.4
Fines (%): 1.0

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[GSDv2.xlsx]11

11/4/2016 Brown gravel
BRR

EarthFax Engineering  
M01292-027 (PO #UC-794-25) WQ-4CB
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Classification of Soils for Engineering Purposes
(ASTM D2487 ) IGES 2005, 2016

Project:
No:

Location:
Date:

By:

Boring No.
Sample: WQ-1A WQ-1B WQ-2A WQ-2B WQ-3A WQ-4A WQ-4B

Depth:
NP NP NP 45 48 NP NP
NP NP NP 30 34 NP NP
NP NP NP 15 14 NP NP
3.4 57.1 0.3 0 0.1 51.4 2.9

72.3 36 72.8 69.2 48.1 33.6 60.3
24.2 6.8 27 30.7 51.9 15 36.8

16.76
0.34
0.09
177
0.1

SM GP-GM SM SM ML GM SM

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M01292_EarthFax\027_PO_UC-794-25\[USCSv1.xlsx]1
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APPENDIX B 
 

Cross Section Rating Tables and Curves 



Rating Table and Curve for WQ-1 
 

  Project Engineer: Richard White 
g:\...\wq-1.fm2 EarthFax Engineering Inc FlowMaster v6.0 [614b] 
4/20/2017 11:38 AM  © Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666 Page 1 

Project Description  

Worksheet WQ-1 
Flow Element Irregular Channel 
Method Manning's Formula 
Solve For Discharge 

 
Input Data   

Slope 0.026000 ft/ft 

 
Options  

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method

 
Attribute Minimum Maximum Increment 

Water Surface Elevation (ft) 8,109.09 8,112.09 0.10 

 
Water Surface 
Elevation (ft) 

Discharge (cfs) Velocity (ft/s) Flow Area (ft²) Wetted Perimeter 
(ft) 

Top Width (ft) 

8,109.09 0.04 0.80 0.1 1.14 1.11
8,109.19 0.28 1.27 0.2 2.28 2.23
8,109.29 0.86 1.80 0.5 2.90 2.81
8,109.39 1.75 2.23 0.8 3.47 3.34
8,109.49 2.97 2.59 1.1 4.03 3.87
8,109.59 4.54 2.91 1.6 4.60 4.40
8,109.69 6.48 3.20 2.0 5.19 4.96
8,109.79 8.86 3.47 2.6 5.83 5.56
8,109.89 11.90 3.79 3.1 6.46 6.16
8,109.99 15.41 4.07 3.8 7.10 6.76
8,110.09 19.44 4.33 4.5 7.73 7.37
8,110.19 24.39 4.63 5.3 8.80 8.40
8,110.29 28.04 4.54 6.2 10.28 9.86
8,110.39 34.35 4.75 7.2 11.62 11.17
8,110.49 41.62 4.97 8.4 12.08 11.57
8,110.59 54.41 5.70 9.6 12.53 11.98
8,110.69 64.25 5.96 10.8 12.99 12.39
8,110.79 74.96 6.23 12.0 13.44 12.80
8,110.89 78.60 5.90 13.3 13.90 13.20
8,110.99 89.76 6.12 14.7 14.35 13.61
8,111.09 101.69 6.33 16.1 14.81 14.02
8,111.19 114.38 6.55 17.5 15.26 14.42
8,111.29 127.85 6.75 18.9 15.72 14.83
8,111.39 142.11 6.95 20.4 16.17 15.24
8,111.49 157.16 7.15 22.0 16.62 15.64
8,111.59 171.86 7.29 23.6 17.40 16.38
8,111.69 186.96 7.40 25.3 18.39 17.33
8,111.79 204.16 7.55 27.0 19.31 18.17
8,111.89 222.03 7.68 28.9 20.49 19.25
8,111.99 241.44 7.82 30.9 21.68 20.34
8,112.09 262.35 7.95 33.0 22.87 21.42

 
   



Rating Table and Curve for WQ-1 
 

  Project Engineer: Richard White 
g:\...\wq-1.fm2 EarthFax Engineering Inc FlowMaster v6.0 [614b] 
4/20/2017 11:38 AM  © Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666 Page 2 

WQ‐4 
 

 

Discharge vs Water Surface Elevation
Worksheet: WQ-1
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Rating Table and Curve for WQ-2 
 

  Project Engineer: Richard White 
g:\...\wq-2.fm2 EarthFax Engineering Inc FlowMaster v6.0 [614b] 
4/20/2017 11:39 AM  © Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666 Page 1 

Project Description  

Worksheet WQ-2 
Flow Element Irregular Channel 
Method Manning's Formula 
Solve For Discharge 

 
Input Data   

Slope 0.048000 ft/ft 

 
Options  

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method

 
Attribute Minimum Maximum Increment 

Water Surface Elevation (ft) 8,060.37 8,063.67 0.10 

 
Water Surface 
Elevation (ft) 

Discharge (cfs) Velocity (ft/s) Flow Area (ft²) Wetted Perimeter 
(ft) 

Top Width (ft) 

8,060.37 0.02 0.85 1.8e-2 0.53 0.51
8,060.47 0.16 1.54 0.1 1.29 1.24
8,060.57 0.56 2.09 0.3 2.05 1.97
8,060.67 1.29 2.58 0.5 2.80 2.70
8,060.77 2.47 3.06 0.8 3.62 3.49
8,060.87 4.09 3.34 1.2 4.97 4.83
8,060.97 6.61 3.75 1.8 6.09 5.92
8,061.07 10.00 4.14 2.4 7.37 7.17
8,061.17 14.34 4.48 3.2 8.68 8.44
8,061.27 19.81 4.83 4.1 9.89 9.62
8,061.37 29.26 5.75 5.1 10.30 9.98
8,061.47 38.01 6.23 6.1 10.71 10.33
8,061.57 47.87 6.69 7.2 11.12 10.69
8,061.67 58.82 7.14 8.2 11.52 11.04
8,061.77 70.84 7.57 9.4 11.93 11.40
8,061.87 83.92 7.98 10.5 12.34 11.75
8,061.97 98.09 8.38 11.7 12.73 12.09
8,062.07 103.45 7.99 12.9 13.41 12.72
8,062.17 116.39 8.16 14.3 14.39 13.66
8,062.27 130.78 8.34 15.7 15.37 14.59
8,062.37 146.67 8.54 17.2 16.35 15.53
8,062.47 164.22 8.74 18.8 17.30 16.44
8,062.57 184.41 9.01 20.5 18.02 17.12
8,062.67 206.03 9.28 22.2 18.74 17.80
8,062.77 229.12 9.54 24.0 19.47 18.48
8,062.87 252.92 9.76 25.9 20.30 19.28
8,062.97 275.41 9.87 27.9 21.61 20.55
8,063.07 300.12 10.00 30.0 22.92 21.82
8,063.17 327.10 10.14 32.3 24.23 23.09
8,063.27 357.00 10.31 34.6 25.51 24.30
8,063.37 389.86 10.50 37.1 26.75 25.44
8,063.47 425.10 10.70 39.7 28.00 26.58
8,063.57 462.77 10.91 42.4 29.24 27.72
8,063.67 502.93 11.11 45.3 30.49 28.86
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Discharge vs Water Surface Elevation
Worksheet: WQ-2
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Project Description  

Worksheet WQ-3 
Flow Element Irregular Channel 
Method Manning's Formula 
Solve For Discharge 

 
Input 
Data 

  

Slope 0.024000 ft/ft 

 
Options  

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method

 
Attribute Minimum Maximum Increment 

Water Surface Elevation (ft) 8,024.82 8,029.62 0.10 

 
Water Surface 
Elevation (ft) 

Discharge (cfs) Velocity (ft/s) Flow Area (ft²) Wetted Perimeter 
(ft) 

Top Width (ft) 

8,024.82 3.43e-3 0.35 9.8e-3 0.66 0.66
8,024.92 0.18 0.97 0.2 2.62 2.60
8,025.02 0.76 1.56 0.5 3.45 3.40
8,025.12 1.77 2.09 0.8 3.88 3.76
8,025.22 3.12 2.51 1.2 4.30 4.12
8,025.32 4.80 2.88 1.7 4.73 4.48
8,025.42 6.86 3.21 2.1 5.12 4.80
8,025.52 9.34 3.56 2.6 5.40 4.99
8,025.62 12.14 3.87 3.1 5.67 5.17
8,025.72 15.23 4.16 3.7 5.95 5.36
8,025.82 18.63 4.43 4.2 6.22 5.55
8,025.92 22.33 4.68 4.8 6.50 5.74
8,026.02 26.32 4.92 5.4 6.78 5.92
8,026.12 30.62 5.14 6.0 7.05 6.11
8,026.22 35.20 5.35 6.6 7.33 6.30
8,026.32 40.09 5.56 7.2 7.60 6.49
8,026.42 45.28 5.75 7.9 7.88 6.67
8,026.52 50.78 5.94 8.5 8.15 6.86
8,026.62 56.58 6.12 9.2 8.43 7.05
8,026.72 38.10 3.75 10.1 11.29 9.84
8,026.82 70.60 6.33 11.2 11.80 10.29
8,026.92 78.39 6.42 12.2 12.31 10.73
8,027.02 86.62 6.51 13.3 12.82 11.17
8,027.12 95.27 6.60 14.4 13.32 11.62
8,027.22 104.36 6.68 15.6 13.83 12.06
8,027.32 113.88 6.76 16.9 14.34 12.51
8,027.42 123.83 6.83 18.1 14.84 12.95
8,027.52 134.45 6.92 19.4 15.42 13.47
8,027.62 140.85 6.72 20.9 20.16 18.19
8,027.72 151.01 6.62 22.8 21.23 19.25
8,027.82 171.75 6.93 24.8 22.30 20.30
8,027.92 186.52 6.94 26.9 23.37 21.35
8,028.02 202.15 6.95 29.1 24.44 22.40
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Water Surface 
Elevation (ft) 

Discharge (cfs) Velocity (ft/s) Flow Area (ft²) Wetted Perimeter 
(ft) 

Top Width (ft) 

8,028.12 218.70 6.97 31.4 25.51 23.45
8,028.22 236.19 7.00 33.8 26.59 24.51
8,028.32 254.67 7.02 36.3 27.66 25.56
8,028.42 274.17 7.05 38.9 28.73 26.61
8,028.52 295.34 7.11 41.6 29.34 27.12
8,028.62 317.62 7.17 44.3 29.91 27.58
8,028.72 339.54 7.21 47.1 31.41 28.97
8,028.82 361.92 7.22 50.1 34.31 31.77
8,028.92 383.09 7.14 53.7 43.56 40.91
8,029.02 412.09 7.07 58.3 50.98 48.22
8,029.12 448.13 7.10 63.1 51.58 48.71
8,029.22 487.22 7.16 68.0 52.18 49.20
8,029.32 529.19 7.25 72.9 52.78 49.69
8,029.42 573.93 7.36 77.9 53.39 50.19
8,029.52 621.36 7.49 83.0 53.99 50.68
8,029.62 671.41 7.62 88.1 54.59 51.17
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Discharge vs Water Surface Elevation
Worksheet: WQ-3
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Project Description  

Worksheet WQ-4 
Flow Element Irregular Channel 
Method Manning's Formula 
Solve For Discharge 

 
Input 
Data 

  

Slope 0.011000 ft/ft 

 
Options  

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Method Horton's Method

 
Attribute Minimum Maximum Increment 

Water Surface Elevation (ft) 7,951.13 7,955.73 0.10 

 
Water Surface 
Elevation (ft) 

Discharge (cfs) Velocity (ft/s) Flow Area (ft²) Wetted Perimeter 
(ft) 

Top Width (ft) 

7,951.13 0.02 0.54 3.1e-2 0.64 0.61
7,951.23 0.10 0.86 0.1 1.29 1.22
7,951.33 0.31 1.15 0.3 1.86 1.75
7,951.43 0.68 1.46 0.5 2.26 2.09
7,951.53 1.19 1.72 0.7 2.66 2.43
7,951.63 1.78 1.72 1.0 4.33 4.05
7,951.73 2.84 1.91 1.5 5.23 4.90
7,951.83 4.22 2.09 2.0 6.04 5.66
7,951.93 6.06 2.32 2.6 6.74 6.31
7,952.03 8.29 2.53 3.3 7.43 6.93
7,952.13 10.92 2.73 4.0 8.11 7.55
7,952.23 13.97 2.92 4.8 8.79 8.16
7,952.33 17.45 3.10 5.6 9.48 8.77
7,952.43 21.40 3.27 6.5 10.16 9.39
7,952.53 25.82 3.44 7.5 10.84 10.00
7,952.63 31.01 3.63 8.5 11.36 10.45
7,952.73 37.04 3.86 9.6 11.65 10.64
7,952.83 43.51 4.08 10.7 11.94 10.84
7,952.93 50.41 4.29 11.8 12.22 11.03
7,953.03 57.73 4.48 12.9 12.51 11.23
7,953.13 65.46 4.67 14.0 12.80 11.42
7,953.23 73.60 4.86 15.2 13.08 11.62
7,953.33 81.39 4.98 16.3 13.57 12.05
7,953.43 89.21 5.08 17.6 14.20 12.63
7,953.53 97.61 5.17 18.9 14.83 13.22
7,953.63 94.18 4.63 20.3 18.94 17.29
7,953.73 104.52 4.73 22.1 19.99 18.30
7,953.83 115.78 4.83 24.0 21.04 19.31
7,953.93 127.97 4.93 26.0 22.09 20.32
7,954.03 141.02 5.03 28.1 23.17 21.38
7,954.13 155.14 5.13 30.3 24.24 22.43
7,954.23 170.31 5.23 32.5 25.32 23.47
7,954.33 186.57 5.34 34.9 26.39 24.52
7,954.43 203.94 5.45 37.4 27.46 25.56



Rating Table and Curve for WQ-4 
 

  Project Engineer: Richard White 
g:\...\project1.fm2 EarthFax Engineering Inc FlowMaster v6.0 [614b] 
4/20/2017 11:39 AM  © Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666 Page 2 

Water Surface 
Elevation (ft) 

Discharge (cfs) Velocity (ft/s) Flow Area (ft²) Wetted Perimeter 
(ft) 

Top Width (ft) 

7,954.53 223.17 5.57 40.1 28.39 26.45
7,954.63 246.32 5.77 42.7 28.75 26.69
7,954.73 270.37 5.96 45.4 29.11 26.93
7,954.83 295.34 6.14 48.1 29.48 27.18
7,954.93 321.19 6.32 50.8 29.84 27.42
7,955.03 347.42 6.48 53.6 30.27 27.73
7,955.13 374.33 6.64 56.4 30.73 28.08
7,955.23 402.12 6.79 59.2 31.19 28.43
7,955.33 430.81 6.94 62.1 31.66 28.78
7,955.43 460.39 7.09 65.0 32.12 29.13
7,955.53 490.85 7.23 67.9 32.58 29.47
7,955.63 522.20 7.37 70.9 33.04 29.82
7,955.73 554.45 7.51 73.9 33.50 30.17
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Discharge vs Water Surface Elevation
Worksheet: WQ-4
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April 30, 2020 
 
 
 
Gregg Galecki 
Sr. Environmental Engineer 
Canyon Fuel Company, LLC 
HC 35 Box 380 
Helper, UT 84526 
 
Subject: Winter Quarters Canyon Discharge 
 Energy Dissipator Design 
 
Dear Gregg: 
 
Pursuant to your request, I evaluated options for dissipation of energy from water discharged from the 
Winter Quarters Canyon ventilation shaft.  In accordance with our conversation, I assumed a peak 
discharge rate of 4,000 gallons per minute (8.9 cubic feet per second).  It is my understanding that the 
water will discharge at a point near the downstream end of the sedimentation pond primary spillway 
riprap.  This area is well vegetated with natural grasses which will provide a stable surface to direct the 
water to the adjacent creek once the flow velocity is reduced. 
 
I evaluated two energy dissipator options, as detailed in Attachment A.  These options consisted of: 
 

1. Discharge initially into a catch basin, to reduce the bulk of the energy, and from the catch basin 
onto a riprap apron. 

2. Discharge directly onto a riprap apron. 
 
Option 1 – Catch Basin and Riprap Apron:  The purpose of the catch basin is to dissipate the bulk of the 
energy, allowing the use of smaller riprap in the apron.  The primary purpose of the apron is to spread 
the flow so it enters the adjacent vegetated area with an acceptably low velocity. 
 
The design for this option is summarized as follows: 
 

• Install a precast or cast-in-place catch basin with minimum inside surface dimensions of 4 feet 
by 4 feet and a minimum depth of 6 feet. 

• Install the inlet pipe through one wall of the catch basin, with the invert of that pipe 
approximately 1.5 to 2.0 feet above the bottom of the catch basin.  The inlet pipe may be 
installed through any wall of the catch basin that does not contain the outlet pipe. 

• Install an 18-inch diameter outlet pipe through another wall of the catch basin, with the invert 
of the outlet pipe being at the floor of the catch basin. 

• Center the inlet and outlet pipes in their respective openings and use non-shrink grout to seal 
around the pipes.  Alternatively, an appropriate pipe boot may be installed on the inlet and 
outlet pipes. 

• Excavate the area in which the riprap apron will be installed.  This excavation should be 
approximately 12 inches deep.  Line this area with a non-woven geotextile and placed riprap in 

Richard B. White, PE, PLLC 
13441 South Lone Peak Lane  Draper, Utah 84020  801-673-6647 
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the lined area.  The riprap should have a median diameter of at least 3 inches, ranging in size 
from approximately 1 inch to 6 inches. 

• Avoid damage to the naturally-vegetated area downstream from the riprap apron since the 
water will discharge from the apron onto this vegetated area. 

 
Option 2 – Riprap Apron Only:  Under this option, all of the energy dissipation will occur on the riprap 
apron.  As a result, the information presented in Attachment A indicates that a median riprap diameter 
of 8 inches will be required.  I recommend using riprap that ranges in effective diameter from 4 inches to 
16 inches.  The surface of the apron will remain unchanged.  However, the apron will be 20 inches deep 
rather than 12 inches deep.  In either case, the apron excavation should be lined with a non-woven 
geotextile and the riprap should be angular and durable. 
 
The calculations presented in Attachment A indicate that the velocity of flow from the downstream end 
of the riprap apron, under both options, will be 3.1 ft/s at the maximum discharge rate of 4,000 gpm.  
The vegetation in this area is sufficiently established that the soil will be stable at this velocity. 
 
In a letter dated March 16, 2010, EarthFax Engineering determined that approximately 6,200 gpm could 
be discharged from the ventilation shaft into Winter Quarters Canyon without undue erosion of the 
natural channel.  Thus, the adjacent natural channel can safely convey the anticipated discharge rate of 
4,000 gpm. 
 
Please let me know if you have any questions regarding this design. 
 
Sincerely, 
 
Richard B. White, P.E. 

 
Consulting Civil and Environmental Engineer 
 
Attachment 
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ATTACHMENT A 
 

Design Calculations 
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