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that there are significant penalties for submitting false information, including the possibility of fine and 
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    Michael Hancock      
    (Printed Name) 
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APPENDIX A – WATER BALANCE DRAWINGS 
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APPENDIX B – STORMWATER RUNOFF CALCULATIONS 

 
 
  



WORKSHEET TITLE: APS 4C Runoff Calcs CALCULATION NO.:

CREATED: 4/26/2021 REVISION: A

PERFORMED BY: D. ELLIOTT REVIEWED BY:

OBJECTIVE: Determine Runoff Volumes

REFERENCES:

1 Lindeburg, M. (2008). Civil engineering reference manual for the PE exam. Belmont, CA: Professional Publications, Inc.

2 Drainange Design Manual - NMDOT

https://dot.state.nm.us/content/dam/nmdot/Infrastructure/Drain_Design_Manual.pdf

3

4

DESIGN INPUTS:

1

2 Max intensity duration is 5 minutes

3
Reference 3

EQUATIONS:

1 SCS Curve Number Method Runoff Equation

Q = (P-Ia)2/(P-Ia+S) Reference 1, p. 20-19, eq. 20.44

2 Soil Water Storage Capacity

S = (1000/CN) -10 Reference 1, p. 20-19, eq. 20.43

3 Initial Abstraction

Ia = 0.2*S  Reference 1, p. 20-15, eq. 20.38

4 Weighted Curve Number

CNW = (CNi*Ai)/AT

5 Volume of Runoff

V = Q*Ai

VARIABLES:

1 Q runoff, in

2 Ad total drainage area, ac or mi2

3 S soil water storage capacity, in

4 CN curve number, unitless

5 Ia initial abstraction, in

6 CNW weighted curve number, unitless

7 AT total area, ac

8 CNWT total weighted curve number, unitless

CALCULATIONS:

1 Establish drainage area Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 Area 7 As shown on the area map figure, see below

West Sump
East 

Sump

LVWW 

Sump

Baghouse 

Area

U4 BA 

Area
BASWR

Hydrobin 

Area

Ad (ac) 9.61 5.75 9.40 6.50 1.00 1.70 0.40

Ad (mi2) 0.015 0.009 0.015 0.010 0.002 0.003 0.001 Conversion from ac to mi2

2 Establish rainfall data

SCS Storm Depth (in)

1yr, 24hr 0.83 Reference 3

10yr, 24hr 1.54 Reference 3

100yr, 24hr 2.36 Reference 3

3 Establish CN, Percent Impervious Cover, and Initial Abstraction

CNi* Ai** (ac) CNW CNi* Ai** (ac) CNW CNi* Ai** (ac) CNW CNi* Ai** (ac) CNW CNi* Ai** (ac) CNW CNi* Ai** (ac) CNW CNi* Ai** (ac) CNW

79 0.0 79 0.0 79 0.0 79 0.0 79 0.0 79 0.0 79 0.0 Equation 4

96 7.21 72.0 96 5.18 86.4 96 0.0 96 0.0 96 0.0 96 0.0 96 0.0 Equation 4

100 0.0 100 0.0 100 0.0 100 0.0 100 0.0 100 1.62 95.0 100 0.0 Equation 4

98 2.40 24.5 98 0.58 9.8 98 9.40 98.0 98 6.50 98.0 98 9.40 98.0 98 0.09 4.9 98 0.40 98.0 Equation 4

60 0.0 60 0.0 60 0.0 60 0.0 60 0.0 60 0.0 60 0.0 Equation 4

9.61 5.75 9.40 6.50 9.40 1.70 0.40 Sum

97 96 98 98 98 100 98 Sum

0.31 0.42 0.20 0.20 0.20 0.00 0.20 Equation 2

0.06 0.08 0.04 0.04 0.04 0.00 0.04 Equation 3

*Reference 1, Table 20.4, p. 20-17 and Design Input 3

AT (ac)

CNWT

S

BASWR Hydrobin Area

National Oceanic and Atmospheric Administration. (2015). NOAA Atlas 14, Volume 8, Version 2. [Point precipitation frequency estimates 

for Farmington, NM, US]. Retrieved from http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=mo

United States. Department of Agriculture. Natural Resources Conservation Service. National Engineering Handbook: Part 630 Hydrology, 

Chapter 15 Time of Concentration. N.p., n.d. Web. 9 Feb. 2016. 

<http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=27002.wba>.

Design storm duration is 24 hours.

Based on Custom Soils Resource Report, soils in the vicinity of the 

watershed areas are generally sandy loam Hydrologic Soil Group C.

West Sump East Sump LVWW Sump

Ia

Baghouse Area U4 BA Area

Land Description

Open space, fair condition

Gravel

Pond

Pavement

Coal Pile
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**Measured in Microstation

4 Establish Runoff Volume based on SCS Curve Number Method

P (in) Reference 3

Q (in) Equation 1

V (gal) Equation 5

Flow (gpm)

P (in) Reference 3

Q (in) Equation 1

V (gal) Equation 5

Flow (gpm)

P (in) Reference 3

Q (in) Equation 1

V (gal) Equation 5

Flow (gpm)

5 Evaporation Calcs 68,200

Area (acres)

Pan Evap 

Rate 

(in/yr)

Total Evap 

(gal/yr)

Average 

Evap 

(gpm)

BASWR 1.40 55.00 2,090,877 3.98

LVWW 

Settling Basin
1.00 55.00 1,493,484 2.84

2.36
2.03 1.92 2.13 2.13 2.13

367 209 378 261 40

528,600 300,500 544,100 376,300 57,900100-yr Storm

2.36 2.36 2.36 2.36

222 123 234 162

1.54

1.22 1.13 1.32 1.32
10-yr Storm

1.54 1.54 1.54 1.54

1.32

319,000 176,900 336,800 232,900 35,900

25

U4 BA Area

0.834

0.55 0.48 0.63 0.63 0.63

100 52 112 77 12

143,900 75,400 161,100 111,400 17,200
1-yr Storm

0.83 0.83 0.83 0.834

West Sump East Sump LVWW Sump Baghouse Area BASWR

0.834

0.63

Hydrobin Area

0.834

0.63

42

2.36
2.13

98,400

68

29,200

20

1.54

1.32

61,000

10

2.36
2.13

23,200

16

6,900

5

1.54

1.32

14,400
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Drawing showing relative areas (APS 4C - Google Earth.pdf):
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APPENDIX C – SAMPLING ANALYTICAL RESULTS 

  



Water Quality data from 'Four Corners Analytical Summary Original' spreadsheet

Lake Water Quality p
H

 

T
o

ta
l 

A
lk

a
li

n
it

y

C
o

n
d

u
c
ti

v
it

y

T
o

ta
l 

H
a
rd

n
e
s
s

C
a
lc

iu
m

 H
a
rd

n
e
s
s

C
h

lo
ri

d
e
s

P
h

o
s
p

h
a
te

S
il

ic
o

n

S
u

lf
a
te

N
it

ra
te

A
lu

m
in

u
m

 

B
o

ro
n

C
a
lc

iu
m

C
o

p
p

e
r

Ir
o

n

P
o

ta
s
s
iu

m

M
a
g

n
e
s
s
iu

m

M
a
n

g
a
n

e
s
e

M
o

ly
b

d
e
n

u
m

S
o

d
iu

m

P
h

o
s
p

h
o

ru
s

S
u

lf
u

r

S
il

ic
o

n

Z
in

c

min 6.79          46.00        630.00      -            -            22.00        0.41          -            -            0.20          0.12          0.15          51.27        0.01          0.01          4.63          21.26        0.00          0.04          70.92        0.13          77.77        0.29          0.01          

5th percentile 7.04          84.00        1,044.10   266.85      167.38      25.15        0.48          1.55          335.88      0.45          0.14          0.29          67.75        0.02          0.02          6.33          26.28        0.01          0.04          95.73        0.16          113.32      0.74          0.02          

average 7.77          109.73      1,179.84   327.79      207.08      48.21        1.24          8.43          398.86      1.99          0.58          0.59          82.96        0.13          0.08          7.60          30.40        0.02          0.05          111.34      0.40          134.49      3.84          0.08          

95th percentile 8.35          141.70      1,309.70   381.10      242.02      62.00        1.97          16.79        465.62      4.00          1.10          1.08          96.49        0.27          0.25          9.11          33.88        0.04          0.06          131.10      0.65          155.08      7.66          0.25          

max 8.48          186.00      1,484.00   516.20      372.30      104.00      2.09          20.70        551.90      6.20          5.54          1.12          149.10      0.48          0.46          18.70        41.67        0.15          0.06          173.60      0.68          184.20      9.70          0.52          
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min 7.80          60.00        1,648.00   485.60      363.10      78.00        ND 14.68        626.30      2.90          0.31          0.75          145.40      0.05          0.04          8.66          22.78        0.03          ND 126.80      ND 209.00      6.86          0.05          

5th percentile 7.90          60.00        1,656.80   522.08      394.30      79.60        ND 15.42        684.14      3.08          0.37          0.78          157.88      0.07          0.12          9.76          24.84        0.03          ND 141.28      ND 228.36      7.21          0.05          

average 8.45          70.82        1,783.94   587.63      468.31      85.35        ND 18.75        759.81      4.72          0.69          1.29          187.34      0.15          0.54          11.07        29.10        0.04          ND 160.79      ND 253.62      8.77          0.05          

95th percentile 9.23          80.00        1,907.20   627.48      530.32      96.20        ND 22.62        836.84      6.07          0.96          1.58          212.36      0.27          1.08          12.73        36.49        0.06          ND 175.24      ND 279.30      10.58        0.05          

max 9.41          80.00        1,928.00   643.40      532.80      97.00        ND 23.64        857.00      6.75          0.96          1.69          213.40      0.29          1.73          13.39        36.78        0.07          ND 189.40      ND 286.10      11.05        0.05          

Hydrobin Effluent 
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min 7.96          28.00        1,570.00   468.70      355.80      80.00        ND 12.76        644.30      3.05          0.39          0.86          142.50      0.08          0.01          8.73          2.25          0.01          ND 134.00      ND 215.10      5.96          0.04          

5th percentile 8.26          34.40        1,598.80   473.26      377.48      81.60        ND 15.08        669.98      3.18          0.39          0.99          151.14      0.09          0.02          9.95          2.51          0.01          ND 142.08      ND 223.66      7.05          0.04          

average 9.82          59.53        1,771.71   563.55      496.15      87.94        ND 20.69        752.80      5.08          0.45          1.42          198.70      0.19          0.03          11.36        16.37        0.01          ND 161.91      ND 251.29      9.67          0.04          

95th percentile 11.03        100.80      1,964.40   640.52      622.94      96.80        ND 28.90        833.74      6.37          0.50          1.89          249.50      0.36          0.04          12.86        31.20        0.01          ND 174.44      ND 278.32      13.51        0.04          

max 11.10        104.00      2,082.00   661.40      645.90      100.00      ND 30.21        880.70      7.08          0.51          1.94          258.70      0.38          0.04          13.15        34.18        0.01          ND 183.00      ND 294.00      14.12        0.05          

Observed cycling up in high recycle rate bottom ash system:

Hydrobin vs Lake 1.26         0.54         1.50         1.72         2.40         1.82         N/A 2.46         1.89         2.55         0.78         2.40         2.40         1.47         0.35         1.50         0.54         0.61         N/A 1.45         N/A 1.87         2.52         0.49         

BASWR vs Lake 1.09         0.65         1.51         1.79         2.26         1.77         N/A 2.22         1.90         2.37         1.20         2.18         2.26         1.19         6.60         1.46         0.96         2.05         N/A 1.44         N/A 1.89         2.29         0.56         

ND = Non-detect

N/A = Not Applicable



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX D – CHEMISTRY CALCULATIONS 

  



Closed Loop Bottom Ash System

Entire system volume 4,594,353       gallons 3,190.52        gpm

Bottom ash hopper volume, total 149,600          gallons 566,297.34   Liters

Bottom ash hydrobins, total 647,694          gallons

Dragout (losses with BA removed) 50,400            gpd 35.00             gpm, from Ash design basis

System Evaporation 146,949          gpd 102.05           gpm, BASWR evaporation plus bottom ash hopper evaporation

Evaporation + Dragout 197,349          gpd 137.05           gpm

System Purge Rate, % 2.5%

System Purge Rate, % 114,859          gpd 79.76             gpm 4,786         gal/hr

Total Makeup (GPD) 312,208          gpd 216.81           gpm

Cycles of Concentration 1.82                 currently observed COC in closed loop operation

Hydraulic Residence Time (HRT), day 14.72               

Seal trough overflow / agitation nozzles 3,047              gpm 4,387,680     gal/day - assumes seal trough flow is continuous

Sluice rate 2,628              gpm 1,261,440     gal/day - sluicing at 1hr per unit sequentially, followed by 1hr of no sluicing, then repeating all day

Water quality data Cond, uS/cm TDS, ppm Cl, ppm SO4, ppm Mg, ppm Ca, ppm

alk/HCO3, 

ppm

alk/CO3, 

ppm pH, SU Temp, F

PSI = 

2(pHs)-

pHeq

RSI =2(pHs) - 

pHmeasured

LSI = 

pHmeasured 

- pHs LS-I

Lake water (makeup) 1,179.84         790.49           48.21             398.86       30.40         82.96       109.73         7.77               70.00        8.07 7.82 -0.03 5.37

Hydrobin Overflow with 2.5% purge 1,771.71         1,187.04       87.94             752.80       16.37         198.70    59.53           9.82               80.00        8.05 5.37 2.23 18.61

BASWR at Clearwell with 2.5% purge 1,783.94         1,195.24       85.35             759.81       29.10         187.34    70.82           8.45               70.00        8.05 6.86 0.80 15.70

BASWR at Clearwell without purge 3,675.68         2,462.71       182.45           1,561.80   33.97         412.23    123.50         10.00             70.00        6.59 4.20 2.90 18.61

BASWR at Clearwell with 10% purge 1,209.28         810.22           60.02             513.82       11.18         135.62    40.63           8.45               70.00        9.14 7.59 0.43 18.61

Current Cycles Observed 1.5016            1.5016           1.8241           1.8874       0.5386       2.3953    0.5425         

Change in system concentration 591.86            396.55           39.73             353.94       (14.03)       115.74    (50.20)          10.00        dT

Excess concentration at reported HRT, ppm/day 26.95             2.70               24.05         (0.95)          7.87         (3.41)            

Concentration change from evaporation (increase) 178.62           10.89             90.12         6.87           18.74       24.79           <- increase in system concentration from evaporation losses

Concentration input from contact with bottom ash 217.93           28.84             263.81       (20.90)       97.00       (75.00)          

MGD gpm

Evaporation 0.147             102.05           gpm

Dragout 0.050             35.00             gpm

Purge Rate 0.115             79.76             gpm

Makeup 0.312             216.81           gpm

USER INPUT VALUES

1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX E – GENERAL ARRANGEMENT 
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