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ATTACHMENT III.3.A 

DRAINAGE MANUAL, VOLUME I:  HYDROLOGY. 

NEW MEXICO STATE HIGHWAY AND TRANSPORTATION DEPARTMENT. 

PHILIPS, CHRISTOPHER S.; EASTERLING, CHARLES M.; HEGGEN, RICHARD 

J.; AND SCHALL, JAMES D. 1995. 

  













































































































 
 

APPLICATION FOR PERMIT  
OWL LANDFILL SERVICES, LLC 

 
VOLUME III:  LANDFILL ENGINEERING CALCULATIONS 

SECTION 8:  DRAINAGE CALCULATIONS 
 

 
P:\FILES\560.01.02\PermitApp\RAI 1\Volume III\III.3-Drainage\OWL-III.3-Drainage_Oct.2016.docx  

 

 

 

 

 

 

 

 

 

ATTACHMENT III.3.B 

U.S. DEPT. OF COMMERCE NATIONAL OCEANIC AND ATMOSPHERIC 

ADMINISTRATION NATIONAL WEATHER SERVICE OFFICE OF 

HYDROLOGIC DEVELOPMENT HYDROMETEOROLOGICAL DESIGN 

STUDIES CENTER, JUNE 2006, NOAA ATLAS 14, VOLUME 1, VERSION 5 , 

POINT PRECIPITATION FREQUENCY ESTIMATES FOR LATITUDE: 32.2031°, 

LONGITUDE: -103.5431°, PDS-BASED POINT PRECIPITATION FREQUENCY 

ESTIMATES WITH 90% CONFIDENCE INTERVALS (IN INCHES) 

  



NOAA Atlas 14, Volume 1, Version 5

Location name: Jal, New Mexico, US*

Latitude: 32.2031°, Longitude: -103.5431°

Elevation: 3581 ft*
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra Pavlovic,

Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey Bonnin, Daniel

Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular

PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min
0.314

(0.280‑0.353)

0.406

(0.361‑0.457)

0.540

(0.480‑0.607)

0.644

(0.570‑0.723)

0.785

(0.691‑0.880)

0.895

(0.783‑1.00)

1.01

(0.880‑1.13)

1.13

(0.977‑1.26)

1.29

(1.11‑1.45)

1.42

(1.21‑1.59)

10-min
0.478

(0.425‑0.537)

0.618

(0.549‑0.695)

0.822

(0.730‑0.924)

0.981

(0.868‑1.10)

1.20

(1.05‑1.34)

1.36

(1.19‑1.52)

1.54

(1.34‑1.72)

1.72

(1.49‑1.92)

1.97

(1.68‑2.20)

2.16

(1.84‑2.42)

15-min
0.592

(0.527‑0.666)

0.765

(0.681‑0.862)

1.02

(0.905‑1.15)

1.22

(1.08‑1.36)

1.48

(1.30‑1.66)

1.69

(1.48‑1.89)

1.91

(1.66‑2.13)

2.13

(1.84‑2.38)

2.44

(2.09‑2.73)

2.68

(2.28‑3.00)

30-min
0.797

(0.709‑0.897)

1.03

(0.917‑1.16)

1.37

(1.22‑1.54)

1.64

(1.45‑1.84)

2.00

(1.76‑2.24)

2.28

(1.99‑2.54)

2.57

(2.23‑2.87)

2.87

(2.48‑3.21)

3.28

(2.81‑3.67)

3.61

(3.06‑4.04)

60-min
0.987

(0.878‑1.11)

1.28

(1.13‑1.44)

1.70

(1.51‑1.91)

2.03

(1.79‑2.27)

2.47

(2.17‑2.77)

2.82

(2.46‑3.15)

3.18

(2.77‑3.55)

3.55

(3.07‑3.97)

4.06

(3.48‑4.54)

4.46

(3.79‑5.00)

2-hr
1.16

(1.03‑1.31)

1.50

(1.33‑1.70)

2.03

(1.80‑2.29)

2.44

(2.16‑2.75)

3.02

(2.65‑3.39)

3.48

(3.04‑3.90)

3.97

(3.44‑4.44)

4.49

(3.86‑5.02)

5.21

(4.43‑5.83)

5.79

(4.88‑6.49)

3-hr
1.23

(1.09‑1.39)

1.59

(1.42‑1.79)

2.13

(1.89‑2.40)

2.57

(2.27‑2.88)

3.18

(2.79‑3.56)

3.67

(3.20‑4.10)

4.19

(3.63‑4.69)

4.74

(4.08‑5.30)

5.52

(4.69‑6.18)

6.15

(5.17‑6.91)

6-hr
1.41

(1.25‑1.58)

1.81

(1.61‑2.04)

2.40

(2.14‑2.71)

2.89

(2.56‑3.24)

3.57

(3.15‑4.00)

4.13

(3.61‑4.62)

4.72

(4.10‑5.28)

5.35

(4.61‑5.98)

6.25

(5.32‑6.99)

6.98

(5.88‑7.82)

12-hr
1.57

(1.40‑1.77)

2.02

(1.80‑2.28)

2.67

(2.37‑3.01)

3.21

(2.84‑3.61)

3.96

(3.48‑4.44)

4.57

(3.98‑5.12)

5.22

(4.52‑5.84)

5.91

(5.07‑6.61)

6.89

(5.84‑7.71)

7.69

(6.45‑8.63)

24-hr
1.65

(1.48‑1.86)

2.13

(1.90‑2.40)

2.86

(2.55‑3.21)

3.45

(3.06‑3.87)

4.31

(3.80‑4.83)

5.00

(4.38‑5.60)

5.75

(5.00‑6.44)

6.56

(5.64‑7.36)

7.72

(6.54‑8.69)

8.67

(7.25‑9.80)

2-day
1.76

(1.57‑2.00)

2.27

(2.02‑2.58)

3.06

(2.71‑3.46)

3.71

(3.27‑4.19)

4.65

(4.07‑5.24)

5.42

(4.71‑6.12)

6.27

(5.38‑7.07)

7.18

(6.09‑8.13)

8.50

(7.08‑9.67)

9.60

(7.88‑11.0)

3-day
1.84

(1.63‑2.09)

2.37

(2.10‑2.69)

3.21

(2.83‑3.64)

3.90

(3.42‑4.42)

4.91

(4.28‑5.56)

5.76

(4.96‑6.52)

6.68

(5.70‑7.58)

7.69

(6.48‑8.75)

9.16

(7.58‑10.5)

10.4

(8.47‑12.0)

4-day
1.91

(1.68‑2.17)

2.46

(2.17‑2.81)

3.35

(2.94‑3.81)

4.09

(3.58‑4.65)

5.17

(4.49‑5.87)

6.09

(5.22‑6.92)

7.09

(6.03‑8.08)

8.20

(6.88‑9.37)

9.82

(8.08‑11.3)

11.2

(9.06‑13.0)

7-day
2.16

(1.90‑2.46)

2.79

(2.46‑3.18)

3.81

(3.35‑4.34)

4.66

(4.08‑5.30)

5.90

(5.12‑6.71)

6.95

(5.97‑7.91)

8.10

(6.89‑9.25)

9.37

(7.88‑10.7)

11.2

(9.26‑13.0)

12.8

(10.4‑14.9)

10-day
2.36

(2.10‑2.69)

3.05

(2.71‑3.47)

4.17

(3.69‑4.74)

5.10

(4.50‑5.79)

6.47

(5.65‑7.33)

7.63

(6.59‑8.63)

8.91

(7.61‑10.1)

10.3

(8.68‑11.7)

12.4

(10.2‑14.2)

14.2

(11.5‑16.3)

20-day
2.91

(2.60‑3.25)

3.74

(3.35‑4.19)

4.98

(4.45‑5.58)

5.98

(5.33‑6.69)

7.40

(6.55‑8.26)

8.55

(7.51‑9.55)

9.77

(8.52‑10.9)

11.1

(9.54‑12.4)

12.9

(11.0‑14.6)

14.5

(12.1‑16.5)

30-day
3.39

(3.05‑3.79)

4.34

(3.90‑4.86)

5.73

(5.13‑6.40)

6.83

(6.10‑7.63)

8.37

(7.43‑9.36)

9.61

(8.47‑10.7)

10.9

(9.54‑12.2)

12.3

(10.6‑13.8)

14.2

(12.1‑16.1)

15.8

(13.3‑17.9)

45-day
3.98

(3.56‑4.45)

5.11

(4.57‑5.72)

6.76

(6.05‑7.55)

8.05

(7.18‑8.98)

9.83

(8.72‑11.0)

11.2

(9.90‑12.6)

12.7

(11.1‑14.2)

14.2

(12.4‑16.0)

16.4

(14.0‑18.5)

18.0

(15.2‑20.5)

60-day
4.55

(4.08‑5.06)

5.83

(5.24‑6.50)

7.63

(6.85‑8.49)

9.01

(8.07‑10.0)

10.9

(9.69‑12.1)

12.3

(10.9‑13.7)

13.8

(12.1‑15.3)

15.3

(13.3‑17.0)

17.3

(14.9‑19.4)

18.8

(16.1‑21.3)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency

estimates (for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates

at upper bounds are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.

Please refer to NOAA Atlas 14 document for more information.

Back to Top

PF graphical

Precipitation Frequency Data Server http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=32.2031&l...
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Back to Top

Maps & aerials

Small scale terrain

Precipitation Frequency Data Server http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=32.2031&l...
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Large scale terrain

Large scale map

Large scale aerial

Precipitation Frequency Data Server http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=32.2031&l...

3 of 4 01-Feb-16 13:55



Back to Top

US Department of Commerce

National Oceanic and Atmospheric Administration

National Weather Service

National Water Center

1325 East West Highway

Silver Spring, MD 20910

Questions?: HDSC.Questions@noaa.gov

Disclaimer

Precipitation Frequency Data Server http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=32.2031&l...
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ATTACHMENT III.3.C 

AUTODESK,® INC, 2016, STORM AND SANITARY ANALYSIS, MODEL OUTPUT 

 



Project Description
OWL Post Construction Analysis_TR-20.SPF

Project Options
CFS
Elevation
SCS TR-20
SCS TR-55
Hydrodynamic
YES
NO

Analysis Options
Jan 26, 2016 00:00:00
Jan 27, 2016 12:00:00
Jan 26, 2016 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
1
9
11
5
2
1
0
3
8
7
0
0
0
1
0
0
0

Rainfall Details
SN Rain Gage Data Data Source Rainfall Rain State County Return Rainfall Rainfall

ID Source ID Type Units Period Depth Distribution
(years) (inches)

1 Rain Gage-01 Time Series OWL site Intensity inches New Mexico Lea 25 4.31 NM Type IIA 65

        Orifices ....................................................
        Weirs .......................................................
        Outlets .....................................................
Pollutants .........................................................
Land Uses ........................................................

        Inlets ........................................................
        Storage Nodes .........................................
Links..................................................................
        Channels .................................................
        Pipes ........................................................
        Pumps .....................................................

Rain Gages ......................................................
Subbasins.........................................................
Nodes................................................................
        Junctions .................................................
        Outfalls ....................................................
        Flow Diversions .......................................

Start Reporting On ...........................................
Antecedent Dry Days .......................................
Runoff (Dry Weather) Time Step .....................
Runoff (Wet Weather) Time Step ....................
Reporting Time Step ........................................
Routing Time Step ...........................................

Time of Concentration (TOC) Method .............
Link Routing Method ........................................
Enable Overflow Ponding at Nodes .................
Skip Steady State Analysis Time Periods ........

Start Analysis On .............................................
End Analysis On ...............................................

File Name .........................................................
Description .......................................................

P:\acad 2003\560.01.02\PERMIT PLANS\WholeSite-3D-Sheets2-7,9,12,13-novol.dwg

Flow Units ........................................................
Elevation Type .................................................
Hydrology Method ............................................
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Subbasin Summary
SN Subbasin Area Weighted Total Total Total Peak Time of

ID Curve Rainfall Runoff Runoff Runoff Concentration
Number Volume

(ac) (in) (in) (ac-ft) (cfs) (days hh:mm:ss)
1 {Site.2}.RunOff_E 62.44 72.00 4.31 1.68 8.75 243.96        0  00:11:39
2 {Site.2}.RunOff_N 60.21 72.00 4.31 1.68 8.43 134.04        0  00:29:28
3 {Site.2}.RunOff_S 58.04 72.00 4.31 1.68 8.13 247.24        0  00:09:21
4 {Site.2}.RunOff_W 67.83 72.00 4.31 1.68 9.50 279.91        0  00:10:13
5 {Site.2}.RunOn_1 45.54 72.00 4.31 1.68 6.38 86.81        0  00:35:56
6 {Site.2}.RunOn_2 77.13 72.00 4.31 1.68 10.81 193.05        0  00:25:03
7 {Site.2}.RunOn_3 40.44 72.00 4.31 1.68 5.66 63.40        0  00:45:22
8 {Site.2}.RunOn_4-EVAP-PONDS 34.70 72.00 4.31 1.68 4.86 150.92        0  00:08:51
9 {Site.2}.RunOn_5 18.33 72.00 4.31 1.68 2.57 53.24        0  00:20:09
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Node Summary
SN Element Element Invert Ground/Rim Initial Surcharge Ponded Peak Max HGL Max Min Time of Total Total Time

ID Type Elevation (Max) Water Elevation Area Inflow Elevation Surcharge Freeboard Peak Flooded Flooded
Elevation Elevation Attained Depth Attained Flooding Volume

Attained Occurrence
(ft) (ft) (ft) (ft) (ft²) (cfs) (ft) (ft) (ft) (days hh:mm) (ac-in) (min)

1 RunOffE-In Junction 3593.50 3597.00 3593.50 3597.00 0.00 234.92 3597.00 0.00 0.00 0  07:10 22.11 15.00
2 RunOn1RunOffN-In Junction 3578.00 3580.00 3578.00 3580.00 0.00 217.16 3580.82 0.00 0.18 0  00:00 0.00 0.00
3 RunOn2In Junction 3577.00 3580.00 3577.00 3580.00 0.00 191.48 3580.00 0.00 0.00 0  07:15 20.01 19.00
4 RunOn3-In Junction 3570.00 3572.00 3570.00 3572.00 0.00 174.47 3572.31 0.00 0.69 0  00:00 0.00 0.00
5 SE-ConvergePt Junction 3561.00 3564.50 3561.00 3564.50 0.00 238.09 3564.16 0.00 0.34 0  00:00 0.00 0.00
6 RetentionSpillway Outfall 3546.00 13.50 3546.00
7 WesternOutfall Outfall 3550.00 334.02 3552.80
8 S-RunOff-FlowSplit Flow Diversions 3563.00 3565.50 3563.00 0.00 220.16 3565.97 0.00 0.00
9 EvapPonds Storage Node 3579.00 3581.00 3579.00 125000.00 137.27 3580.69 0.00 0.00

10 SE-DrainPond Storage Node 3538.00 3557.00 3538.00 125000.00 216.04 3552.33 0.00 0.00
11 SW-DrainPond Storage Node 3545.00 3550.00 3545.00 107652.00 202.77 3548.32 0.00 0.00

    Page 3 of 21   



Li
nk

 S
um

m
ar

y
SN

El
em

en
t

El
em

en
t

Fr
om

To
 (O

ut
le

t)
Le

ng
th

In
le

t
O

ut
le

t
Av

er
ag

e
D

ia
m

et
er

 o
r

M
an

ni
ng

's
Pe

ak
D

es
ig

n 
Fl

ow
Pe

ak
 F

lo
w

/
Pe

ak
 F

lo
w

Pe
ak

 F
lo

w
Pe

ak
 F

lo
w

To
ta

l T
im

e
R

ep
or

te
d

ID
Ty

pe
(In

le
t)

N
od

e
In

ve
rt

In
ve

rt
Sl

op
e

H
ei

gh
t

R
ou

gh
ne

ss
Fl

ow
C

ap
ac

ity
D

es
ig

n 
Fl

ow
Ve

lo
ci

ty
D

ep
th

D
ep

th
/

Su
rc

ha
rg

ed
C

on
di

tio
n

N
od

e
El

ev
at

io
n

El
ev

at
io

n
R

at
io

To
ta

l D
ep

th
R

at
io

(ft
)

(ft
)

(ft
)

(%
)

(in
)

(c
fs

)
(c

fs
)

(ft
/s

ec
)

(ft
)

(m
in

)
1

Ea
st

Bo
un

dC
ha

nn
el

C
ha

nn
el

R
un

O
n2

In
R

un
O

n3
-In

22
27

.0
0

35
77

.0
0

35
70

.0
0

0.
31

00
36

.0
00

0.
03

20
11

1.
67

14
1.

45
0.

79
3.

75
2.

62
0.

88
0.

00
2

Ea
st

C
ha

n2
SE

_P
on

d
C

ha
nn

el
SE

-C
on

ve
rg

eP
t

SE
-D

ra
in

Po
nd

86
5.

00
35

61
.0

0
35

57
.0

0
0.

46
00

42
.0

00
0.

03
20

21
5.

88
32

9.
23

0.
66

5.
38

2.
63

0.
75

0.
00

3
Ea

st
LF

Be
rm

To
p

C
ha

nn
el

R
un

O
ffE

-In
SE

-C
on

ve
rg

eP
t

38
00

.0
0

35
94

.0
0

35
61

.0
0

0.
87

00
36

.0
00

0.
03

20
10

5.
52

11
4.

49
0.

92
8.

45
2.

85
0.

95
0.

00
4

SE
di

ag
on

al
C

ha
n

C
ha

nn
el

R
un

O
n3

-In
SE

-C
on

ve
rg

eP
t

91
3.

00
35

70
.0

0
35

61
.0

0
0.

99
00

30
.0

00
0.

03
20

17
0.

02
20

3.
04

0.
84

5.
74

2.
40

0.
96

0.
00

5
S-

R
un

O
ff2

SE
_p

on
d

C
ha

nn
el

S-
R

un
O

ff-
Fl

ow
Sp

lit
SE

-D
ra

in
Po

nd
11

75
.0

0
35

64
.0

0
35

57
.0

0
0.

60
00

24
.0

00
0.

03
20

25
.5

4
35

.9
8

0.
71

3.
55

1.
59

0.
83

0.
00

6
S-

R
un

O
ff2

SW
_p

on
d

C
ha

nn
el

S-
R

un
O

ff-
Fl

ow
Sp

lit
SW

-D
ra

in
Po

nd
14

79
.0

7
35

63
.0

0
35

50
.0

0
0.

88
00

30
.0

00
0.

03
20

15
2.

12
16

3.
82

0.
93

6.
18

2.
31

0.
93

0.
00

7
W

es
tB

ou
nd

C
ha

n
C

ha
nn

el
R

un
O

n1
R

un
O

ffN
-In

W
es

te
rn

O
ut

fa
ll

31
27

.8
9

35
78

.0
0

35
50

.0
0

0.
90

00
36

.0
00

0.
03

20
20

7.
70

23
8.

72
0.

87
6.

35
2.

80
0.

94
0.

00
8

W
ei

r-
01

W
ei

r
SW

-D
ra

in
Po

nd
R

et
en

tio
nS

pi
llw

ay
35

45
.0

0
35

46
.0

0
13

.5
0

  
  P

ag
e 

4 
of

 2
1

  



Subbasin Hydrology

    Subbasin : {Site.2}.RunOff_E

          Input Data

Area (ac) ........................................................................ 62.44
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
- 62.44 - 72.00
Composite Area & Weighted CN 62.44 72.00

          Time of Concentration

TOC Method : SCS TR-55

Sheet Flow Equation :

    Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))

Where :

    Tc = Time of Concentration (hr)
    n   = Manning's roughness
    Lf  = Flow Length (ft)
    P   = 2 yr, 24 hr Rainfall (inches)
    Sf  = Slope (ft/ft)

Shallow Concentrated Flow Equation :

    V  = 16.1345 * (Sf^0.5) (unpaved surface)
    V  = 20.3282 * (Sf^0.5) (paved surface)
    V  = 15.0 * (Sf^0.5) (grassed waterway surface)
    V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
    V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
    V  = 7.0 * (Sf^0.5) (short grass pasture surface)
    V  = 5.0 * (Sf^0.5) (woodland surface)
    V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
    Tc = (Lf / V) / (3600 sec/hr)

             Where:

    Tc = Time of Concentration (hr)
    Lf = Flow Length (ft)
    V  = Velocity (ft/sec)
    Sf = Slope (ft/ft)

Channel Flow Equation :

    V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
    R  = Aq / Wp
    Tc = (Lf / V) / (3600 sec/hr)

Where :

    Tc = Time of Concentration (hr)
    Lf = Flow Length (ft)
    R  = Hydraulic Radius (ft)
    Aq = Flow Area (ft²)
    Wp = Wetted Perimeter (ft)
    V  = Velocity (ft/sec)
    Sf = Slope (ft/ft)
    n  = Manning's roughness
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Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .08 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Slope (%) : 5 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 2.50 0.00 0.00
    Velocity (ft/sec) : 0.36 0.00 0.00
    Computed Flow Time (min) : 4.65 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 1449.64 0.00 0.00
    Slope (%) : 16 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 6.45 0.00 0.00
    Computed Flow Time (min) : 3.75 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .03 0.00 0.00
    Flow Length (ft) : 1339.38 0.00 0.00
    Channel Slope (%) : 1 0.00 0.00
    Cross Section Area (ft²) : 19.1 0.00 0.00
    Wetted Perimeter  (ft) : 11.8 0.00 0.00
    Velocity (ft/sec) : 6.85 0.00 0.00
    Computed Flow Time (min) : 3.26 0.00 0.00
Total TOC (min) ..................11.65

          Subbasin Runoff Results

Total Rainfall (in) ............................................................ 4.31
Total Runoff (in) ............................................................. 1.68
Peak Runoff (cfs) ........................................................... 243.96
Weighted Curve Number ............................................... 72.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:11:39 
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    Subbasin : {Site.2}.RunOff_N

          Input Data

Area (ac) ........................................................................ 60.21
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
- 60.21 - 72.00
Composite Area & Weighted CN 60.21 72.00

          Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .08 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Slope (%) : 5 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 2.50 0.00 0.00
    Velocity (ft/sec) : 0.36 0.00 0.00
    Computed Flow Time (min) : 4.65 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 1504.30 0.00 0.00
    Slope (%) : 15 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 6.25 0.00 0.00
    Computed Flow Time (min) : 4.01 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .03 0.00 0.00
    Flow Length (ft) : 1593.22 0.00 0.00
    Channel Slope (%) : .1 0.00 0.00
    Cross Section Area (ft²) : 13.5 0.00 0.00
    Wetted Perimeter  (ft) : 18.45 0.00 0.00
    Velocity (ft/sec) : 1.28 0.00 0.00
    Computed Flow Time (min) : 20.82 0.00 0.00
Total TOC (min) ..................29.48

          Subbasin Runoff Results

Total Rainfall (in) ............................................................ 4.31
Total Runoff (in) ............................................................. 1.68
Peak Runoff (cfs) ........................................................... 134.04
Weighted Curve Number ............................................... 72.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:29:29 
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    Subbasin : {Site.2}.RunOff_S

          Input Data

Area (ac) ........................................................................ 58.04
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
- 58.04 - 72.00
Composite Area & Weighted CN 58.04 72.00

          Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .08 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Slope (%) : 5 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 2.50 0.00 0.00
    Velocity (ft/sec) : 0.36 0.00 0.00
    Computed Flow Time (min) : 4.65 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 1477.27 0.00 0.00
    Slope (%) : 16 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 6.45 0.00 0.00
    Computed Flow Time (min) : 3.82 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .03 0.00 0.00
    Flow Length (ft) : 366.88 0.00 0.00
    Channel Slope (%) : 1 0.00 0.00
    Cross Section Area (ft²) : 19.1 0.00 0.00
    Wetted Perimeter  (ft) : 11.8 0.00 0.00
    Velocity (ft/sec) : 6.85 0.00 0.00
    Computed Flow Time (min) : 0.89 0.00 0.00
Total TOC (min) ..................9.36

          Subbasin Runoff Results

Total Rainfall (in) ............................................................ 4.31
Total Runoff (in) ............................................................. 1.68
Peak Runoff (cfs) ........................................................... 247.24
Weighted Curve Number ............................................... 72.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:09:22 
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    Subbasin : {Site.2}.RunOff_W

          Input Data

Area (ac) ........................................................................ 67.83
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
- 67.83 - 72.00
Composite Area & Weighted CN 67.83 72.00

          Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .08 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Slope (%) : 5 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 2.50 0.00 0.00
    Velocity (ft/sec) : 0.36 0.00 0.00
    Computed Flow Time (min) : 4.65 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 1498.48 0.00 0.00
    Slope (%) : 16 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 6.45 0.00 0.00
    Computed Flow Time (min) : 3.87 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .03 0.00 0.00
    Flow Length (ft) : 700 0.00 0.00
    Channel Slope (%) : 1 0.00 0.00
    Cross Section Area (ft²) : 19.1 0.00 0.00
    Wetted Perimeter  (ft) : 11.8 0.00 0.00
    Velocity (ft/sec) : 6.85 0.00 0.00
    Computed Flow Time (min) : 1.70 0.00 0.00
Total TOC (min) ..................10.22

          Subbasin Runoff Results

Total Rainfall (in) ............................................................ 4.31
Total Runoff (in) ............................................................. 1.68
Peak Runoff (cfs) ........................................................... 279.91
Weighted Curve Number ............................................... 72.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:10:13 
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    Subbasin : {Site.2}.RunOn_1

          Input Data

Area (ac) ........................................................................ 45.54
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
- 45.54 - 72.00
Composite Area & Weighted CN 45.54 72.00

          Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .08 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Slope (%) : .5 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 2.50 0.00 0.00
    Velocity (ft/sec) : 0.14 0.00 0.00
    Computed Flow Time (min) : 11.67 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 580.37 0.00 0.00
    Slope (%) : .5 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 1.14 0.00 0.00
    Computed Flow Time (min) : 8.48 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .03 0.00 0.00
    Flow Length (ft) : 2148.11 0.00 0.00
    Channel Slope (%) : .1 0.00 0.00
    Cross Section Area (ft²) : 19.1 0.00 0.00
    Wetted Perimeter  (ft) : 11 0.00 0.00
    Velocity (ft/sec) : 2.27 0.00 0.00
    Computed Flow Time (min) : 15.78 0.00 0.00
Total TOC (min) ..................35.94

          Subbasin Runoff Results

Total Rainfall (in) ............................................................ 4.31
Total Runoff (in) ............................................................. 1.68
Peak Runoff (cfs) ........................................................... 86.81
Weighted Curve Number ............................................... 72.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:35:56 
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    Subbasin : {Site.2}.RunOn_2

          Input Data

Area (ac) ........................................................................ 77.13
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
- 77.13 - 72.00
Composite Area & Weighted CN 77.13 72.00

          Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .08 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Slope (%) : .5 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 2.50 0.00 0.00
    Velocity (ft/sec) : 0.14 0.00 0.00
    Computed Flow Time (min) : 11.67 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 650.31 0.00 0.00
    Slope (%) : 1 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 1.61 0.00 0.00
    Computed Flow Time (min) : 6.73 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .03 0.00 0.00
    Flow Length (ft) : 2114.97 0.00 0.00
    Channel Slope (%) : .6 0.00 0.00
    Cross Section Area (ft²) : 19.1 0.00 0.00
    Wetted Perimeter  (ft) : 11.8 0.00 0.00
    Velocity (ft/sec) : 5.30 0.00 0.00
    Computed Flow Time (min) : 6.65 0.00 0.00
Total TOC (min) ..................25.05

          Subbasin Runoff Results

Total Rainfall (in) ............................................................ 4.31
Total Runoff (in) ............................................................. 1.68
Peak Runoff (cfs) ........................................................... 193.05
Weighted Curve Number ............................................... 72.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:25:03 
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    Subbasin : {Site.2}.RunOn_3

          Input Data

Area (ac) ........................................................................ 40.44
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
- 40.44 - 72.00
Composite Area & Weighted CN 40.44 72.00

          Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .08 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Slope (%) : .5 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 2.50 0.00 0.00
    Velocity (ft/sec) : 0.14 0.00 0.00
    Computed Flow Time (min) : 11.67 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 1529.22 0.00 0.00
    Slope (%) : .5 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 1.14 0.00 0.00
    Computed Flow Time (min) : 22.36 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .03 0.00 0.00
    Flow Length (ft) : 4033.14 0.00 0.00
    Channel Slope (%) : .75 0.00 0.00
    Cross Section Area (ft²) : 19.1 0.00 0.00
    Wetted Perimeter  (ft) : 11.8 0.00 0.00
    Velocity (ft/sec) : 5.93 0.00 0.00
    Computed Flow Time (min) : 11.34 0.00 0.00
Total TOC (min) ..................45.37

          Subbasin Runoff Results

Total Rainfall (in) ............................................................ 4.31
Total Runoff (in) ............................................................. 1.68
Peak Runoff (cfs) ........................................................... 63.40
Weighted Curve Number ............................................... 72.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:45:22 
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    Subbasin : {Site.2}.RunOn_4-EVAP-PONDS

          Input Data

Area (ac) ........................................................................ 34.70
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
- 34.70 - 72.00
Composite Area & Weighted CN 34.70 72.00

          Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .08 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Slope (%) : 1 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 2.50 0.00 0.00
    Velocity (ft/sec) : 0.19 0.00 0.00
    Computed Flow Time (min) : 8.85 0.00 0.00
Total TOC (min) ..................8.85

          Subbasin Runoff Results

Total Rainfall (in) ............................................................ 4.31
Total Runoff (in) ............................................................. 1.68
Peak Runoff (cfs) ........................................................... 150.92
Weighted Curve Number ............................................... 72.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:08:51 
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    Subbasin : {Site.2}.RunOn_5

          Input Data

Area (ac) ........................................................................ 18.33
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

          Composite Curve Number
 Area Soil Curve
Soil/Surface Description (acres) Group Number
- 18.33 - 72.00
Composite Area & Weighted CN 18.33 72.00

          Time of Concentration

Subarea Subarea Subarea
Sheet Flow Computations A B C
    Manning's Roughness : .08 0.00 0.00
    Flow Length (ft) : 100 0.00 0.00
    Slope (%) : .5 0.00 0.00
    2 yr, 24 hr Rainfall (in) : 2.50 0.00 0.00
    Velocity (ft/sec) : 0.14 0.00 0.00
    Computed Flow Time (min) : 11.67 0.00 0.00

Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C
    Flow Length (ft) : 576.27 0.00 0.00
    Slope (%) : .8 0.00 0.00
    Surface Type : Unpaved Unpaved Unpaved
    Velocity (ft/sec) : 1.44 0.00 0.00
    Computed Flow Time (min) : 6.67 0.00 0.00

Subarea Subarea Subarea
Channel Flow Computations A B C
    Manning's Roughness : .03 0.00 0.00
    Flow Length (ft) : 741.70 0.00 0.00
    Channel Slope (%) : 1 0.00 0.00
    Cross Section Area (ft²) : 19.1 0.00 0.00
    Wetted Perimeter  (ft) : 11.8 0.00 0.00
    Velocity (ft/sec) : 6.85 0.00 0.00
    Computed Flow Time (min) : 1.81 0.00 0.00
Total TOC (min) ..................20.15

          Subbasin Runoff Results

Total Rainfall (in) ............................................................ 4.31
Total Runoff (in) ............................................................. 1.68
Peak Runoff (cfs) ........................................................... 53.24
Weighted Curve Number ............................................... 72.00
Time of Concentration (days hh:mm:ss) ........................ 0 00:20:09 
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Junction Input
SN Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded Minimum

ID Elevation (Max) (Max) Water Water Elevation Depth Area Pipe
Elevation Offset Elevation Depth Cover

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²) (in)
1 RunOffE-In 3593.50 3597.00 3.50 3593.50 0.00 3597.00 0.00 0.00 0.00
2 RunOn1RunOffN-In 3578.00 3580.00 2.00 3578.00 0.00 3580.00 0.00 0.00 0.00
3 RunOn2In 3577.00 3580.00 3.00 3577.00 0.00 3580.00 0.00 0.00 0.00
4 RunOn3-In 3570.00 3572.00 2.00 3570.00 0.00 3572.00 0.00 0.00 0.00
5 SE-ConvergePt 3561.00 3564.50 3.50 3561.00 0.00 3564.50 0.00 0.00 0.00
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Junction Results
SN Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time

ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded
Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume

Attained Occurrence
(cfs) (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)

1 RunOffE-In 234.92 234.92 3597.00 3.50 0.00 0.00 3594.10 0.60 0  07:03 0  07:10 22.11 15.00
2 RunOn1RunOffN-In 217.16 217.16 3580.82 2.82 0.00 0.18 3578.20 0.20 0  07:23 0  00:00 0.00 0.00
3 RunOn2In 191.48 191.48 3580.00 3.00 0.00 0.00 3577.24 0.24 0  07:10 0  07:15 20.01 19.00
4 RunOn3-In 174.47 63.39 3572.31 2.31 0.00 0.69 3570.18 0.18 0  07:31 0  00:00 0.00 0.00
5 SE-ConvergePt 238.09 0.00 3564.16 3.16 0.00 0.34 3561.33 0.33 0  07:28 0  00:00 0.00 0.00
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Channel Input
SN Element Length Inlet Inlet Outlet Outlet Total Average Shape Height Width Manning's Entrance Exit/Bend Additional Initial Flap

ID Invert Invert Invert Invert Drop Slope Roughness Losses Losses Losses Flow Gate
Elevation Offset Elevation Offset

(ft) (ft) (ft) (ft) (ft) (ft) (%) (ft) (ft) (cfs)
1 EastBoundChannel 2227.00 3577.00 0.00 3570.00 0.00 7.00 0.3100 Trapezoidal 3.000 18.000 0.0320 0.5000 0.5000 0.0000 0.00 No
2 EastChan2SE_Pond 865.00 3561.00 0.00 3557.00 19.00 4.00 0.4600 Trapezoidal 3.500 24.000 0.0320 0.5000 0.5000 0.0000 0.00 No
3 EastLFBermTop 3800.00 3594.00 0.50 3561.00 0.00 33.00 0.8700 Trapezoidal 3.000 9.400 0.0320 0.5000 0.5000 0.0000 0.00 No
4 SEdiagonalChan 913.00 3570.00 0.00 3561.00 0.00 9.00 0.9900 Trapezoidal 2.500 17.500 0.0320 0.5000 0.5000 0.0000 0.00 No
5 S-RunOff2SE_pond 1175.00 3564.00 1.00 3557.00 19.00 7.00 0.6000 Trapezoidal 2.000 9.000 0.0320 0.5000 0.5000 0.0000 0.00 No
6 S-RunOff2SW_pond 1479.07 3563.00 0.00 3550.00 5.00 13.00 0.8800 Trapezoidal 2.500 16.000 0.0320 0.5000 0.5000 0.0000 0.00 No
7 WestBoundChan 3127.89 3578.00 0.00 3550.00 0.00 28.00 0.9000 Trapezoidal 3.000 18.000 0.0320 0.5000 0.5000 0.0000 0.00 No
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Channel Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 EastBoundChannel 111.67 0  07:28 141.45 0.79 3.75 9.90 2.62 0.88 0.00
2 EastChan2SE_Pond 215.88 0  07:28 329.23 0.66 5.38 2.68 2.63 0.75 0.00
3 EastLFBermTop 105.52 0  07:18 114.49 0.92 8.45 7.50 2.85 0.95 0.00
4 SEdiagonalChan 170.02 0  07:31 203.04 0.84 5.74 2.65 2.40 0.96 0.00
5 S-RunOff2SE_pond 25.54 0  07:12 35.98 0.71 3.55 5.52 1.59 0.83 0.00
6 S-RunOff2SW_pond 152.12 0  07:12 163.82 0.93 6.18 3.99 2.31 0.93 0.00
7 WestBoundChan 207.70 0  07:23 238.72 0.87 6.35 8.21 2.80 0.94 0.00
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Storage Nodes

    Storage Node : EvapPonds

          Input Data

3579.00
3581.00
2.00
3579.00
0.00
125000.00
0.00

          Output Summary Results

137.27
137.27
0.00
0.00
3580.69
1.69
3580.25
1.25
1  00:30
0.000
0
0
0.00

Total Time Flooded (min) ....................................
Total Retention Time (sec) .................................

Max HGL Depth Attained (ft) ...............................
Average HGL Elevation Attained (ft) ...................
Average HGL Depth Attained (ft) ........................
Time of Max HGL Occurrence (days hh:mm) .....
Total Exfiltration Volume (1000-ft³) .....................
Total Flooded Volume (ac-in) ..............................

Evaporation Loss ................................................

Peak Inflow (cfs) .................................................
Peak Lateral Inflow (cfs) .....................................
Peak Outflow (cfs) ..............................................
Peak Exfiltration Flow Rate (cfm) .......................
Max HGL Elevation Attained (ft) .........................

Invert Elevation (ft) ..............................................
Max (Rim) Elevation (ft) ......................................
Max (Rim) Offset (ft) ...........................................
Initial Water Elevation (ft) ....................................
Initial Water Depth (ft) .........................................
Ponded Area (ft²) ................................................
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    Storage Node : SE-DrainPond

          Input Data

3538.00
3557.00
19.00
3538.00
0.00
125000.00
0.00

          Output Summary Results

216.04
0.00
0.00
0.00
3552.33
14.33
3548.58
10.58
1  12:00
0.000
0
0
0.00

Total Exfiltration Volume (1000-ft³) .....................
Total Flooded Volume (ac-in) ..............................
Total Time Flooded (min) ....................................
Total Retention Time (sec) .................................

Peak Exfiltration Flow Rate (cfm) .......................
Max HGL Elevation Attained (ft) .........................
Max HGL Depth Attained (ft) ...............................
Average HGL Elevation Attained (ft) ...................
Average HGL Depth Attained (ft) ........................
Time of Max HGL Occurrence (days hh:mm) .....

Initial Water Depth (ft) .........................................
Ponded Area (ft²) ................................................
Evaporation Loss ................................................

Peak Inflow (cfs) .................................................
Peak Lateral Inflow (cfs) .....................................
Peak Outflow (cfs) ..............................................

Invert Elevation (ft) ..............................................
Max (Rim) Elevation (ft) ......................................
Max (Rim) Offset (ft) ...........................................
Initial Water Elevation (ft) ....................................
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    Storage Node : SW-DrainPond

          Input Data

3545.00
3550.00
5.00
3545.00
0.00
107652.00
0.00

          Outflow Weirs

SN Element Weir Flap Crest Crest Length Weir Total Discharge
ID Type Gate Elevation Offset Height Coefficient

(ft) (ft) (ft) (ft)
1 Weir-01 Trapezoidal No 3548.00 3.00 22.00 1.00 3.33

          Output Summary Results

202.77
52.02
13.50
0.00
3548.32
3.32
3547.46
2.46
0  07:53
0.000
0
0
0.00

Average HGL Depth Attained (ft) ........................
Time of Max HGL Occurrence (days hh:mm) .....
Total Exfiltration Volume (1000-ft³) .....................
Total Flooded Volume (ac-in) ..............................
Total Time Flooded (min) ....................................
Total Retention Time (sec) .................................

Peak Lateral Inflow (cfs) .....................................
Peak Outflow (cfs) ..............................................
Peak Exfiltration Flow Rate (cfm) .......................
Max HGL Elevation Attained (ft) .........................
Max HGL Depth Attained (ft) ...............................
Average HGL Elevation Attained (ft) ...................

Max (Rim) Offset (ft) ...........................................
Initial Water Elevation (ft) ....................................
Initial Water Depth (ft) .........................................
Ponded Area (ft²) ................................................
Evaporation Loss ................................................

Peak Inflow (cfs) .................................................

Invert Elevation (ft) ..............................................
Max (Rim) Elevation (ft) ......................................
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APPLICATION FOR PERMIT 
OWL LANDFILL SERVICES, LLC 

 
VOLUME III: LANDFILL ENGINEERING CALCULATIONS 

SECTION 4: HELP MODEL 
 
 
1.0 INTRODUCTION 
OWL Landfill Services, LLC (OWL) is proposing to permit, construct, and operate a 

“Surface Waste Management Facility” for oil field waste processing and disposal services.  

The proposed OWL Facility is subject to regulation under the New Mexico (NM) Oil and 

Gas Rules, specifically 19.15.36 NMAC, administered by the Oil Conservation Division 

(OCD).  The Facility has been designed in compliance with the requirements of 19.15.36 

NMAC, and will be constructed, operated, and closed in compliance with a Surface Waste 

Management Facility Permit issued by the OCD.   

 
The OWL Facility is one of the first designed to the new more stringent standards that, for 

instance, mandate double liners and leak detection for land disposal.  The new services that 

OWL will provide fill a necessary void in the market for technologies that exceed current 

OCD requirements. 

 
1.1  Site Location 

The OWL site is located approximately 22 miles northwest of Jal, adjacent to the south of 

NM 128 in Lea County, NM.  The OWL site is comprised of a 560-acre ± tract of land 

located within a portion of Section 23, Township 24 South, Range 33 East, Lea County, NM 

(Figure IV.1.1).  Site access will be provided on the south side of NM 128.  The 

approximate center, surface, coordinates of the OWL site are Latitude 32.203105577 and 

Longitude -103.543122319. 

 
1.2 Description 

The OWL Surface Waste Management Facility will comprise approximately 500 acres of the 

560-acre site, and will include two main components: an oil field waste Processing Area and 

an oil field waste Landfill Disposal Area, as well as related infrastructure.  Oil field wastes 

are anticipated to be delivered to the OWL Facility from oil and gas exploration and 

production operations in southeastern NM and west Texas.  The Permit Plans (Attachment 
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III.1.A) identify the locations of the Processing Area and Landfill Disposal Area. 

 
 
2.0 DESIGN CRITERIA 
An alternate design for the OWL Surface Waste Management Facility landfill liner system 

that includes the use of geosynthetics and geocomposites is proposed.  In addition, an 

alternate design is proposed for its final cover system using on-site soils.  The alternative 

liner and final cover are designed to meet the requirements of the New Mexico Oil 

Conservation Division (OCD) 19.15.36.14C NMAC.  If an alternate liner design and 

alternate final cover design using geosynthetics or geocomposites is proposed,  

19.15.36.14 C(9) NMAC requires: 
“Alternatively, the operator may propose a performance-based landfill design system 
using geosynthetics or geocomposites, including geogrids, geonets, geosynthetics clay 
liners, composite liner systems, etc., when supported by EPA’s “hydrologic 
evaluation of landfill performance” (HELP) model or other division-approved model. 
The operator shall design the landfill to prevent the “bathtub effect”. The bathtub 
effect occurs when a more permeable cover is placed over a less permeable bottom 
liner or natural subsoil.” 

 
and further, 19.15.36.14F NMAC specifies that: 

“The leachate collection and removal system protective layer and soil component of 
the leak detection system shall consist of soil materials that shall be free of organic 
matter, shall have a portion of material passing the no. 200 sieve no greater than five 
percent by weight and shall have a uniformity coefficient (Cu) less than 6, where Cu 
is defined as D60/D10. Geosynthetic materials or geocomposites including geonets 
and geotextiles, if used as components of the leachate collection and removal or leak 
detection system, shall have a hydraulic conductivity, transmissivity and chemical 
and physical qualities that oil field waste placement, equipment operation or leachate 
generation will not adversely affect. These geosynthetics or geocomposites, if used in 
conjunction with the soil protective cover for liners, shall have a hydraulic 
conductivity designed to ensure that the liner’s hydraulic head never exceeds one 
foot.” 

 
 
3.0 PURPOSE 
Throughout the past year and a half, OCD and its consultants have provided guidance and 

clarification to our understanding of 19.15.36 NMAC. The result of which has had an impact 

on the application of several design technical models and the associated effect on other 

design elements. One such impacted model is the United State Environmental Protection 

Agency (USEPA) Hydrologic Evaluation of Landfill Performance (HELP) Model which 

evaluates the performance of alternative liner designs, demonstrating the alternative design 



 
 

 
 
P:\FILES\560.01.02\PermitApp\RAI 1\Volume III\III.4-HELP Model\OWL-III.4-HELPModel_Oct.2016.doc 

III.4-3 

will perform as stipulated, i.e., The operator shall design the landfill to prevent the “bathtub 

effect”, (see citation above). Updated application and associated input parameters resulted in 

the following revised sections to this document.   

 
This document presents the results of modeling conducted using HELP Model to evaluate the 

performance of the alternate final cover system so as to not create a “bathtub effect” in the 

landfill, in which the percolation through the alternate final cover exceeds that of the 

alternate liner system. Also presented is a formal request for OCD approval to utilize the 

alternate liner design and allow the use of alternate soil gradation specifications for soils used 

in construction of the protective soil layer (PSL).   

 
 
4.0 HELP MODEL METHODOLOGY 
The methodology used to demonstrate that the performance of the alternate liner system 

design will prevent the bathtub effect relies on the USEPA’s HELP Modeling program as 

referenced in 19.15.36.14C(9) NMAC. The demonstrations described below were performed 

using the HELP Model, Version 3.07a. 

 
 
5.0 OVERVIEW OF DEMONSTRATION MODELING 
Gordon Environmental, Inc. (GEI) has prepared performance demonstrations for an alternate 

landfill liner design and an alternate landfill final cover design.  In the proposed alternate 

liner design, on-site soils in conjunction with a geocomposite are used for the leachate 

collection layer; a geonet is used as the leak detection layer; and a geocomposite clay liner 

(GCL) along with 6-inches of compacted subsurface soils are used to replace the prescribed 

clay barrier layer. In the proposed alternate final cover design, an evapotranspiration (ET) 

cover system is proposed. 

 
Because the OWL Surface Waste Management Facility is planning to use alternate designs 

for its liner system and final cover system, the HELP model simulation analyses were 

organized to support three demonstrations:   

• First, demonstrate the performance of the planned alternate liner system to establish a 
basis of comparative analysis for the planned alternative final cover system.  

• Second, demonstrate that percolation through the alternate final cover top surface 
does not create a “bathtub effect” within the landfill.  
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• Third, demonstrate that percolation through the alternate final cover sideslopes do not 
create a “bathtub effect” within the landfill.  

 
 
6.0 HELP MODEL DEMONSTRATION ANALYSES 
In each of the following three demonstrations, the input parameters for the HELP model have 

been selected utilizing guidance from the “Users Guide for Version 3” as provided by the 

USEPA (Attachment III.4.C). 

 
6.1 Cell Design Parameters 

Slope steepness and lateral drainage distance were derived from the design parameters for the 

cells in the landfill.  The liner system in Unit 1 has the flattest floor slope and the longest 

lateral drainage distance (see Figure III.4.1).  The top portion of the final cover system has a 

relatively uniform average slope of 2.8%; the longest lateral drainage distance occurs from 

the crown of the landfill to sideslope (see Figure III.4.2).  Throughout these analyses, the 

following design parameters have been used: 

• Liner system: 
o lateral drainage distance = 300 ft 
o slope = 2.8% 

• Final cover system: 
o Top: 

 lateral drainage distance = 306 ft 
 slope = 2.3% 

o Sideslopes: 
 lateral drainage distance = 1269 ft 
 slope = 16.4% 

 
The outputs from the HELP model runs, which include a listing of the input parameters, are 

provided as attachments to this document in both hard copy (Attachment III.4.A) and 

electronic format (Attachment III.4.D). 
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6.2 Alternate Liner Demonstration 

The HELP model simulation analysis has been performed to support the EPA’s HELP model 

as per 19.15.36.14C(9) NMAC.  

 
6.2.1 Liner System Design 

The design for the alternate liner system includes the following layers from the top down: 

• 24-inches protective soil layer (on-site soils) (k = 4.2 x 10-5 cm/sec) 
• FML (60-mil smooth HDPE) 
• 200-mil geonet (k = 10 cm/sec) 
• FML (60-mil smooth HDPE) 
• GCL (k = 3.0 x 10-9 cm/sec) 

 
6.2.2 HELP Model Input Parameters 

6.2.2.1 Soils 

19.15.36.14F NMAC requires that the protective drainage layer be constructed using granular 

soils that contain no more than 5% fines by weight (i.e., material passing a No. 200 sieve) 

and that have a uniformity coefficient less than 6.0.  As part of its design for the alternate 

liner system, OWL proposes to use on-site soils in the protective soil layer that contain no 

more than 30% fines by weight and a uniformity coefficient less than 10. 

 
Geotechnical analyses of on-site soils indicate that the soils available at the OWL Surface 

Waste Management Facility site consist primarily of sand with varying amounts of fines (CL, 

low plasticity sandy clay, SP-SM, poorly graded sand – silty sand) and that they meet the 

proposed criteria for the protective soil layer.  Attachment III.4.B provides a summary of 

geotechnical test results.  The on-site soil that OWL proposes to use when it places the PSL 

is within the range of soil type used in this modeling based on sieve analyses and hydraulic 

conductivity (Attachment III.4.B).  The type of soil used to represent the protective soil 

layer in the simulation is listed below: 

 

Soil Description HELP Model 
Soil Type 

USCS 
Soil Type 

low plasticity sandy clay 12 CL 
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The primary parameters that differentiate soils from one another are the saturated hydraulic 

conductivity, Ksat, and the moisture-retention characteristics that are related to the field 

capacity and the wilting point.  As the HELP model soil type number increases, the saturated 

hydraulic conductivity decreases and the soils tend to retain more water.  Default values from 

the HELP model were assigned to the porosity, field capacity and wilting point for each soil 

type. 

 
6.2.2.2 Environmental 

All of the simulation analyses for HELP modeling demonstrations were performed using 

identical environmental loading conditions.  Precipitation and temperature data were derived 

from the Western Regional Climatic Center’s database.  The nearest location with sufficient 

data is Ochoa, New Mexico.  Solar radiation data was synthetically generated by the HELP 

model based on coefficients for Midland, Texas.  Midland, Texas was used as its latitude was 

the closest to the site’s latitude as recommended by the User’s Guide for Version 3 

(Attachment III.4.C). Evapotranspiration data (e.g., average wind speed and seasonal 

relative humidity) was obtained from Ochoa, New Mexico, with coefficients for Midland, 

TX.  The evaporative zone depth was set to 24 inches and the maximum leaf area index was 

set to 0.0, i.e., bare ground. The surface layer, PSL, was modeled as having no vegetation. 

 
6.2.2.3 Initial Conditions 

The following alternate liner component default values for HELP Model Soil Texture Classes 

and Material Characteristics were used in the simulations: 

• Protective Soil Layer  
o Soil Texture Class – 12 
o Total Porosity (vol/vol) - 0.471 
o Field Capacity (vol/vol) - 0.342 
o Wilting Point (vol/vol) – 0.210 
o Saturated Hydraulic Conductivity (cm/sec) – 4.2 x 10-5 

• Primary Liner 
o 60-mil smooth HDPE 
o Material Characteristic – 35 
o Saturated Hydraulic Conductivity (cm/sec) – 2.0 x 10-13 

• Leak Detection System 
o 200-mil Geonet 
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o Material Characteristic – 20 
o Saturated Hydraulic Conductivity (cm/sec) – 1.0 x 10+1 

• Secondary Liner 
o 60-mil smooth HDPE 
o Material Characteristic – 35 
o Saturated Hydraulic Conductivity (cm/sec) – 2.0 x 10-13 

• GCL(Geosynthetic Clay Liner) 
o Material Characteristic – 17 
o Total Porosity (vol/vol) - 0.750 
o Field Capacity (vol/vol) - 0.747 
o Wilting Point (vol/vol) - 0.400 
o Saturated Hydraulic Conductivity (cm/sec) – 3.0 x 10-9 

 
6.2.3 Alternate Liner Simulation Analysis 

In the alternate liner simulation analyses, the landfill has been assumed to be in an open 

condition with no waste present.  All precipitation is retained within the landfill; there is no 

runoff.  The FML was represented by using the default parameters for Material Characteristic 

type 35 from the HELP model.  The input parameters used to represent the alternative liner 

system are provided in Table III.4.1. 

 
6.2.4 Alternate Liner Demonstration Results 

According to 19.15.36.14C(9), an alternate liner system is considered acceptable when 

supported by EPA’s HELP model.  Performance has been demonstrated to be sufficient in 

protection of the environment.  The performance measure is the average annual rate of 

percolation through the bottom of the liner system and the head upon the liner.  This is 

evaluated by the percolation rates calculated using the HELP model. The average annual 

percolation rate is summarized in Table III.4.2. 
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TABLE III.4.1 
Alternative Liner System  

OWL Landfill Services, LLC 
 

Simulation Protective Drainage Layer Primary FML Leak Detection Layer Secondary FML Geocomposite Clay Liner 

 HELP 
Model 
Soil 
Type 

Layer 
Thickness 

(in) 

Ksat 
(cm/s) 

HELP 
Model 
Soil 
Type 

FML Ksat 
(cm/s) 

HELP 
Model 
Soil 
Type 

Layer 
Thickness 

(in) 

Ksat 
(cm/s) 

HELP 
Model 
Soil 
Type 

Layer 
Thickness 

(in) 

Ksat 
(cm/s) 

HELP 
Model 
Soil 
Type 

Layer 
Thickness 

(in) 

Ksat 
(cm/s) 

Alternative 
Liner System 12 24 4.2 x 10-5 35 60-mil 

HDPE 2.0 x 10-13 20 200-mil 
Geonet 10 35 60-mil 

HDPE 2.0 x 10-13 17 0.23 2.0 x 10-13 
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TABLE III.4.2 
Performance Results for Alternate Liner System 

OWL Landfill Services. LLC 
 

Liner System 
Soil Type 

for Protective 
Soil Layer  

Average Annual 
Percolation Rate 
Through Bottom 

Liner 
(in/yr) 

Average Annual Head on 
Primary HDPE Liner 

Layer 2 (in) 

Alternate 12 0.00000 0.000 

 
 
For the alternate liner system analyzed using on-site soils, the average annual percolation rate 

calculated is zero. In addition, the hydraulic head on the FML remains less than 12 inches. 

This simulation demonstrates that, for soils available on-site for use as the protective soil 

layer, the alternate liner system design provides performance that is supported by HELP 

modeling in accordance 19.15.36.14C(9).  

 
6.3 Alternate Final Cover Demonstration  

Two HELP model simulation analysis have been performed to support the alternative final 

cover demonstrations.  In these demonstrations, the performance of the alternative final cover 

system is compared to the performance of the alternate liner system as to not to create a 

“bathtub effect” where percolation though the alternate final cover exceeds that of the 

alternate liner system.   

 
6.3.1 Alternate Final Cover System Design 

The alternate final cover system includes the following layers from the top down: 

• 24-in. erosion/vegetative layer 
• 6-in. barrier layer 
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6.3.2 HELP Model Input Parameters 

6.3.2.1 Soils 

The type of soil that was used to represent the barrier layer and erosion/vegetative layer in 

the simulation for the alternate final cover demonstration is listed below: 

 

Soil Description HELP Model 
Soil Type 

USCS 
Soil Type 

low plasticity sandy clay 12 CL 
 
Default values from the HELP model were assigned to the porosity, field capacity and 

wilting point and an assumed hydraulic conductivity was used for each soil type as listed in 

Section 6.3.2.3 Initial Conditions. 

 
The erosion/vegetative layer was assigned a HELP model soil type number that is the same 

as the barrier layer, and is most representative of conditions in the field for final cover 

construction activities. The HELP model automatically accounts for the effects of root 

penetration and decay whenever vegetation is assumed to be present on the surface layer. 

 
6.3.2.2 Environmental 

All of the simulation analyses for HELP modeling demonstrations were performed using 

identical environmental loading conditions.  Precipitation and temperature data were derived 

from the Western Regional Climatic Center’s database.  The nearest location with sufficient 

data is Ochoa, New Mexico.  Solar radiation data was synthetically generated by the HELP 

model based on coefficients for Midland, Texas.  Midland, Texas was used as its latitude was 

the closest to the site’s latitude as recommended by the User’s Guide for Version 3 

(Attachment III.4.C). Evapotranspiration data (e.g., average wind speed and seasonal 

relative humidity) was obtained from Ochoa, New Mexico, with coefficients from Midland 

TX.  The evaporative zone depth was set to 24 inches and the maximum leaf area index was 

set to 1.2, as noted on Figure 3 in HELP Engineering Document for Version 3.  Vegetation 

on the cover was modeled as “poor grass”. 

 
 



 
 

 
 
P:\FILES\560.01.02\PermitApp\RAI 1\Volume III\III.4-HELP Model\OWL-III.4-HELPModel_Oct.2016.doc 

III.4-13 

6.3.2.3 Initial Conditions 

The following alternate final cover component default values for HELP Model Soil Texture 

Classes were used in the simulations: 

• Erosion/Vegetative Soil Layer  
o Soil Texture Class – 12 
o Total Porosity (vol/vol) - 0.417 
o Field Capacity (vol/vol) - 0.342 
o Wilting Point (vol/vol) – 0.210 
o Saturated Hydraulic Conductivity (cm/sec) – 4.2 x 10-5 

• Barrier Soil Layer  
o Soil Texture Class – 12 
o Total Porosity (vol/vol) - 0. 417 
o Field Capacity (vol/vol) - 0.342 
o Wilting Point (vol/vol) – 0.210 
o Saturated Hydraulic Conductivity (cm/sec) – 4.2 x 10-5 

 
6.3.4 Alternate Cover Demonstration Results 

According to 19.15.36.14C(9), an alternative cover is considered acceptable if its 

performance has been demonstrated to prevent the “bathtub effect”.  The measure is the 

average annual rate of percolation through the primary (upper-most ) FML layer of the liner 

system and bottom layer of the cover system (Barrier Layer).  Performance is evaluated by 

comparing the percolation rates calculated for the alternate cover system to that calculated 

for the alternate liner system. The average annual percolation rates calculated for the two 

systems are summarized in Table III.4.3. 

 

TABLE III.4.3 
Performance Results for Alternate Liner and Alternate Final Cover Systems 

OWL Landfill Services, LLC 
 

System 
HELP Model Material Type Average Annual 

Percolation Rate 
(in/yr) Primary FML Layer Barrier Layer 

Alternate Final Cover - 12 0.00000 

Alternate Liner 12 - 0.00000 
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When the alternate cover system is modeled, in conjunction with, HELP model soil type 12, 

the rate of percolation calculated for the alternate final cover system is equivalent to the 

percolation rate calculated for the alternate liner system.  The performance of the alternate 

final cover system design using soil type 12 prevents the “bathtub effect” as noted in 

19.15.36.14C(9) NMAC. 

 
 
7.0 CONCLUSIONS AND REQUEST FOR APPROVAL 
OWL has prepared performance demonstrations for its alternate liner system design and for 

its alternate final cover system design.  These analyses were based on 19.15.36.14C(9) 

NMAC when supported by the HELP model; and the analyses demonstrate the following: 

• For the alternate liner simulation analysis, the average annual percolation rate 
calculated through the alternate liner system design is zero.  This simulation 
demonstrates that the alternate liner system design provides superior performance.  
Therefore, the alternate liner system design meets the OCD demonstration 
requirements. 

• In the alternate final cover simulation analyses, when the infiltration layer is modeled 
using HELP model soil type 12 and a hydraulic conductivity of 4.2 x 10-5 cm/sec, the 
average annual percolation rate calculated for the alternate final cover system is zero.  
Therefore, for this soil type, the performance of the alternate final cover system 
design meets the OCD demonstration requirements. 

• In the simulation analyses, for the liner and final cover, the calculations for the fifth 
year demonstrates a zero percolation rate.   

 
The HELP modeling for the analyses presented in this document demonstrates that the 

performance of the alternate liner and cover system designs meets the requirements of 

19.15.36.14C NMAC.  For the purposes of this demonstration, both the alternate liner design 

and the alternate cover design have been shown to be effective using soils available on the 

OWL site.   

 
To allow OWL flexibility in using on-site soils as well as offsite materials to construct the 

protective soil layer, the erosion/vegetative layer and the barrier layer, this document serves 

as a request to OCD for approval to use the alternate liner and cover system designs and to 

construct those systems using soils that contain 30% fines and has a uniformity coefficient 

(Cu) less than 10.   

 




