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* Why the Need for Physically Based
Methods?

Key Points * Experience in Karst Areas

 Limitations of the CN Method

* Physically Based Approaches to
Runoff Excess
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Development of CN Equation

The Parameter CN
(Curve Number) is a
transformation of S

$=(1000/CN) - 10




= Florida watersheds were not considered in the
analysis that produced the CN array.

= The SCS methodology excludes time as a variable,
and therefore rainfall intensity.

®= |imited comparisons elsewhere have suggested
significant departures between handbook and data-

Need for defined CNs.
o = The CN procedure does not work well in karst
Alter natlve topography with sandy soils
Method — This is because a large portion of the flow is

subsurface rather than direct runoff.

= Typically runoff generated from CN procedures do
not match rainfall-runoff data for local watersheds,
and the 0.2S for initial abstraction (l,) was not
corroborated by linear regression techniques.



Runoff Process and Soil Characterization
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Example for Changing to Physical Soil Parameters

) Area Area
Floodplain ]
(acres) (sq. miles)
FEMA 2108 3.29

Green-Ampt 29176 4.65




Physically Based Soil Parameters
for
Rainfall Excess Determination
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Location of
IFAS Soil Bores

Data Period (1965 -
1996)

58 out of 67 counties
1,290 soil profiles
2 to 13 soil horizons

144 physical and
chemical properties

Soil moisture retention
curve




IFAS Characterization Data

SOIL CHARACTERIZATION LABORATORY, IFAS, UNIVERSITY OF FLORIDA

ADAMSVILLE SAND, S51-21-(1-6)

AQUIC QUARTZIPSAMMENTS, HYPERTHERMIC, UNCOATED DATE SAMPLED 0O4/12/78
PASCO COUNTY, FLORIDA

— PARTICLE SIZE DISTRIBUTION (% < 2 MM)

SAND FRACTIONS TOTAL
vC C M F VF SAND SILT CLAY TEXTURE PH TOTAL
DEPTH HORIZON LAB 2.0- 1.0~ 0.5- 0.25- 0.10- 2.0- 0.05- < CLASS H20 CACLZ KCL PHOS
NO {CH) NO 1.0 0.5 0.25 0.10 0.05 0.05 0,002 0.002 (1:1) (2:2) (1:1) (ppm)
1 0- B AP1 3555 0.0 1.9 27.9 48.5 17.6 95.9 3.1 1.0 S 5.0 3.9 3.7
2 B- 20 AP 3556 0.1 2.1 27.2 &7.7 18.4 95.5 3.5 1.0 S 5.2 L.2 4.0
3 20- 58 C1 3557 0.0 2.2 27.1 48.3 18.0 95.6 3.3 1.1 S 5.4 L.6 L.4
[ 58-102 C2 3558 0.0 2.2 25.0 50.0 18.6 95.8 3.2 1.0 FS 5.4 L.7 4.6
5 102-145 C2 3559 0.1 2.1 25.7 51.3 17.2 96.4 2.9 0.7 LFS 5.3 L.8B L.,6
6 145-203 C3 3560 0.1 2.4 28.3 47.6 17.8 96.2 3.3 0.5 S 5.7 5.1 5.0
saT [ _WATER colTENT
HYDR| 1/10 1/3 15 WATER CONTENT AVAIL BULK ELEC
COND| BAR BAR BAR| 3.5CM 20M 30CM 4SCM 60CM BOCM | 150CM  200CM H20 DENSITY COND
NO_(QM/HR) --=( S S [ (VOLUME %)==-z==cfoccooeaaaan-. (o/o4] (G/cc)  [remo/oq)
1 14.7 7.4 L.0 2.2 6.8 33.6 1312.3 28.2 22.8 14.9 B.4 7.4 0.08 1.55 0.02
2 15.5 5.6 2.7 1.0 32.1 27.9 26.0 20.4 16.1 1l1.4 6.4 5.6 0.07 1.59 0.01
3 28.9 5.5 2.5 0.7 36.5 135.6 134.4 27.1 19.8 11.6 5.8 5.0 0.07 1.56 0.01
L 24.3 5.0 2.0 0.6 33.4 32.7 131.8 23.1 17.8 11.1 S.h b.6 0.07 1.61 0.01
5 23.4 L.B 2.3 0.4 33.% 32.1 31.7 27.3 21.4 11.5 L.B is,0 0.07 1.60 0.01
6 21.2 3.7 1.2 0.7 31.4 30.6 30.3 24.4 17.3 9.1 3.1 2.5 0.05 1.59 0.18




SSURGO

Data retrieval and
georeferenced through
Data View

954 MUKEYs within
SWFWMD

Water table depth
Hydraulic conductivity

Other properties




Sandy clay loam

Clay loam

Silty clay loam

Sandy clay

Silty clay

Clay

498

3006

689

45

W tav ~u,a045)
0.398
(0.332-0.464)
0.464
{0,409 0.519)

0.471
{0,418 0.524)

0.430
(0.370  0.490)

0.479
(425 0.533)

0.475
(1427 0.523)

{v.u—w.uao)
0,068

(0.0 0.137)
0.075

(0.0 0.174)

0,040
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0.090
(0.0 0.195)

V.79 wv.as0)
0.330
(0.235 0.425)
0.390
(0.279-0.501)
0.432
(0.347-0.517)
0.321
(0.207 -0.435)
0.423
(0.334 -0.512)

0.385
(0.269 0.501)

(VU 1uT.)
59.41
(0.0 123.4)
56.43
(0.0-124.3)
70.33
(0.0 143.9)
79.48
(0.0 179.1)
76.54
(0.0 159.6)

85.60
0.0 176.1)

[CERT e R ROLVEL ¥}
28.08
(5.57-141.5)
25.89
(5.80 115.7)
32.56
(6.68 -158.7)
29.17
(4.96-171.6)
34.19
(7.04 166.2)

37.30
(7.43 187.2)

AV s s

0.319
(0.079-0.559)
0.242
(0.070-0.414)

0.177
(0.039-0.315)

0.223
(0.048 -0.398)

0.150
(0.040-0,260)

0.165
(0.037-0.293)

BT Y]

0.250
(0.125--0.502)

0.194
(0.100-0.377)

0.151
(0.090-0.253)

0.168
{0.078-0.364)

0.127
(0.074-0.219)

0.131
{0.068 -0.253)
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0.255
(0.186- 0.324)

0.318
(0.250-0.386)
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(0.304 0.428)

0.339
(0.245-0.433

0.387
(0.332 -0.442)

0.396
(0,326 0.460)

n—y

0.148
(0.085-0.211)

0.197
(0.115-0,279)
0.208
(0.138-0,278)
0.239
(0.162-0.316)
0.250
(0.193- 0.307)
0.272
(0.208 0.336)

0.09

0.06

v First line is the mean value

Second line is + onv stardard deviaton abour the mean

t Antilog of the log mean

£ Obtained from Fig. 2
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Runoff Process and Soil Characterization
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e Gain an understanding of soil properties
regarding moisture, hydraulic conductivity, and
tensions (capillarity); and how they are
obtained.

Learnin
£a : g * Present data sources for soil properties used
Points along with SWFWMD utilities to account for
changes in potential soil water storage.

* How the empirical CN and the physical
approaches compare using an example.



Natural Resources
Conservation Services

* The state of Florida has the largest total
acreage of Aquods (wet, sandy soils with an
organic-stained subsoil layer) on flatwood
landforms in the nation. Myakka (pronounced
My-yakah), a Native American word for Big
Waters, is a native soil and exclusive to
Florida. The most extensive soil in the state, it
occurs on more than 1)2 million acres. On May
22, 1989, Governor Bob Martinez signed
Senate bill number 524 into law, making
Myakka Florida’s Official State Soil.




Bh

Spodosol
Myakka sand

A horizon: Surface layer containing organic
matter.

E horizon: Leached horizon between the A
and B horizons.

B horizon: Zone of accumulation of material
leached from the A and B horizons.

C horizon: Layer not affected by soil forming
processes.

Source of Graphic:

Soil and Water Science
Department, University of
Florida
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Capillarity (Matric
Potential)




MMatric Potential and Soil Texture

The tension or suction
created by small capillary
tubes (small soil pores) is

greater that that created
by large tubes (large soil
pores). At any given
metric potential coarse Height of capillary
soils hold less water than rise Mversely related
fine-textured soils.




By: N.Lu and W]. Likos



Outline

Soil concepts and properties - capillarity

Moisture and hydraulic relations to tension
Runoff concepts (infiltration and storage)
Data sources for soil parameters

Soil Properties for Florida Soils

Soil Retention (S,) Curves

Brooks-Corey and van Genuchten
Equations

Saturation Field Capacity Wilting Point
All poras are full of  Availoble water for Mo more water is

watar. Gravitational plant growth available to plants
weater is lost

Comparison of CN, and Physically
Parameterized Soils for projecting runoff.




Soil Storage Examples




SOIL CHARACTERIZATION LABORATORY, IFAS, UNIVERSITY OF FLORIDA

BASINGER FINE SAND, S28-17-(1-7)
SPODIC PSAMMAQUENTS, SILICEOUS, HYPERTHERMIC
HIGHLANDS COUNTY, FLORIDA

SAT  _WATER CONTENT
HYDR 1/10 1/3 15 WATER CONTENT

COND BAR BAR  BAR | 3.5CM 20CM 45CM 60CM 80CM 150CM 200CM
HR) === | (VOLUME %)=-ocsccsccaccccnccan

H.2 1.3 12.
81,1 Dg
2.1 15.8
&b 19.5
N.5 1.7
34.1 28.7
31.1 30.4




Soil Moisture Comparison - Candler



Soil Moisture Comparison - Adamsville









Hydraulic Conductivity
Limited Soil (Clays)




SOIL CHARACTERIZATION LABORATORY, IFAS, UNIVERSITY OF FLORIDA

MICANOPY LOAMY FINE SAND, S1-94-(1-7)

AQUIC PALEUDALFS, FINE, MIXED, HYPERTHERMIC DATE SAMPLED 11/08/78
ALACHUA COUNTY, FLORIDA

PARTICLE SIZE DISTRIBUTION (% < 2 MM)

SAND FRACTIONS TOTAL
VC € M F VF  SAND SILT| CLAY |TEXTURE PH TOTAL
DEPTH HORIZON LAB  2.0- 1.0- 0.5- 0.25- 0.10- 2.0- 0.05] < | CLASS H20 CACL? KCL PHOS
NO___ (M) NO 1.0 0.5 0.250.10 0.05 0.05 0.00] 0.002 (1:1) (1:2) (1:1) (ppm)
1 0- 15 AP 3901 0.0 1.8 21.8 50.2 13.0 86.8 5.1| 8.1 | LFS 5.2 5.0 4.8
2 15- 30 B21T 3902 0.2 3.0 19.2 40.2 10.4 73.0 7.0/ 20.0 | SCL 4.8 4.3 4.1
3 30- 46 B22TG 3903 0.0 1.4 14.6 27.4 7.2 50.6 7.3|42.1 | sc 4.5 3.9 3.7
4 46- 96 B23IG 3904 0.0 1.4 13.4 29.2 7.0 51.0 5.3|43.7 | sc L4 3.8 3.7
5 96-1s0 B2,TG 3905 0.0 1.8 18.2 33.2 6.8 60.0 4.5| 35.5 | sc 4.5 3.8 3.6
6 140-196 B3G 3906 0.0 1.8 19.0 34.0 6.6 6l.4 5.2|33.4 | SCL 4.6 3.8 3.6
7 196-216 C 3907 0.0 2.0 17.7 33.0 7.1 59.8 6.5|33.7 | SCL 4.8 3.9 3.5
SAT | _w. CONTENT
HYDR| 1/10 1/3 15 WATER CONTENT AVAIL  BULK ELEC
COND| BAR BAR  BAR 3.5CM 20CM 30CM 45CM 60CM 80CM 150CM 200CM H20 DENSITY COND
NO |(CM/HR] --=(WEIGHT %)=== ========zcozcccocoe (VOLUME %)=--======-=nzczozmume (CM/QM4) (G/CC) (MMHO/CM)
1| 42.2 |14.2 8.6 5.0 43.4 39.8 36.3 33.1 28.6 23.7 16.2 14.3  0.14 1.50 0.05
2| 3.2 [16.2 11.3 5.2 41.6 36.3 35.2 31.8 29.2 26.6 21.0 19.3  0.17 1.51 0.03
3] 0.3 [29.2 26.9 20.3 47.6 46.7 45.0 43.5 42.5 41.8 40.3 39.5  0.13 1.4l 0.02
4 0.8 [25.4 23.7 18.5 45.4 43,5 41.5 40.7 40.2 39.5 38.2 37.6 0.11 1.54 0.01
5] 0.1 [21.5 20.3 16.7 38.4 37.4 37.3 37.2 37.1 36.7 36.6 35.3 0.08 1.69 0.01
6 0.1 2.2 20.3 14.9 39.0 38.1 38.0 37.8 37.6 37.3 36.1 35.6 0.12 1.68 0.01
7| 0.2 8.5 17.1 13.8 35.6 34.7 34.5 34.3 33.5 32.9 31.9 31.3 0.08 1.76 0.01










Variation in Potential Soil Storage Based on Depth to WT

SoilName Mukey Avg Int_ Mc | Avg Sat McpST in Inchg Layer D2WT | TP Stor LayThck
POMPAMO FIME 321046 0.A7E8 0478 0.000 1 i) 13
POMPAMNO FIMNE 321046 0.390 0.390 0.000 2 0 17
POMPAMNO FIMNE 321046 0.355 0.355 0.000 3 0 44
POMPAMO FIME 321046 0.259 0.259 0.000 4 o 81
POMPAMO FIME 321046 0.383 0.383 0.000 5 i) 0.000 48
POMPAMNO FIMNE 321046 0451 0.478 0.143 1 30 13
POMPAMNO FIMNE 321046 0.369 0.390 0.141 2 30 17
POMPAMO FIME 321046 0.355 0.355 0.000 3 30 a4
POMPAMNO FIMNE 321046 0.359 0.359 0.000 4 30 81
POMPAMNO FIMNE 321046 0.383 0.383 0.000 5 30 0.290 48
POMPAMO FIME 321046 0.2206 0ATE 0.507 1 il 13
POMPAMO FIME 321046 0.288 0.390 0.680 2 60 17
POMPAMNO FIMNE 321046 0.348 0.355 0.123 3 &0 44
POMPAMNO FIMNE 321046 0.359 0.359 0.000 4 &0 81
POMPAMO FIME 321046 0.383 0.383 0.000 5 60 1.211 48
POMPAMO FIME 321046 0.312 0478 0.914 1 91 13
POMPAMNO FIMNE 321046 0.152 0.390 1.594 2 91 17
POMPAMNO FIMNE 321046 0.269 0.355 1.496 3 91 44
POMPAMO FIME 321046 0.358 0.359 0.037 4 91 81
POMPAMNO FIMNE 321046 0.383 0.383 0.000 5 91 4.042 48
POMPAMNO FIMNE 321046 0.287 0478 1.053 1 121 13
POMPAMO FIME 321046 0.110 0.290 1.874 2 121 17
POMPAMO FIME 321046 0.149 0.355 3.567 3 121 a4
POMPAMNO FIMNE 321046 0.349 0.359 0.314 4 121 81
POMPAMNO FINE 321046 0.383 0.383 0.000 5 121 6.808 43




Soil Data Retrieving and
Processing Program

A Customized Tool Using Visual Basic Application



Background

* Change from ICPR3 to ICPR4
* Layered soil data needs

* Mechanism for consistent and
up-to-date soil
parameterization

e Determination of initial
moisture content based on
initial water table depth

* Use soil moisture retention
curve to decide soil storage



15 Field Capacity Option ‘ Use one-tenth bar for field capacity estimation| j /”7 V %

User Reference ‘ What soil data should | retrieve? j

23 To retrieve/process soil data, select appropriate options on the above drop-down lists and then click on Execute. The texts near each drop-down list on the left self-explain the settings.
24 If you only need to retrieve data for one soil, consider providing MUKEY directly, otherwise load MUKEYs in a file or create a tab to hold MUKEYs (Column A only) may be more convenient and avoid errors.
25 If you desire to replace default initial water table depth, you can specify water table depth to associated soils in column B in the loaded file or tab.
Read Me . H . L
26 Simply close the program and restart when you don't know how to deal with certain issues, or feel free contact the program developer.
27 The last and most important thing is DO NOT alter the GUI and other hidden tabs. You are free to delete any tabs generated during processing.

28 Acronym: MUKEY = Map Unit Key

ReadMe | t_GreenAmptSoilData | GUI mk | Soilinfo | SeilTab @ 4 »




Soil Column

Soil Surface

Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

Depth to WT

Soil Parameters Source or Method

Soil Zone

Initial Water Table Depth
Kv Saturated

MC Saturated

MC Residual

MC Initial

MC Field

MC Wilting
Pore Size Index
Bubble Pressure

Layer Thickness

SSURGO

NRCS or user specified

IFAS or SSURGO

Calculated as function of bulk density
Regression equation

Calculated based on soil moisture
retention curve

Water content at 1/3or 1/10 bar
Water content at 15 bar
Regression equation

Regression equation
IFAS




Water Table Information
from SSURGO

Depth to Water Table based
on Potentiometric Surface



Column A Mukey
Column B Initial water table depth
Column C User customized mukey

Soil Input Information Regarding Depth
to Water Table




Process for Soil Data Preparation

322071
322072
322073
322074
322075
[;> 322076 [j>>
322077
322081
322082
322084
322085

322080
322082

Soil Zone (MUKEY) List Soil Tool

Watershed




» Physically based rainfall excess approaches better
represent soil water dynamics in Florida sandy
soils.

 Availability of the soil data retrieval and processing
program expedite modeling process.

* Mechanism to stay current when source soil data
updates happen.

* Users need professional judgment for reasonable
soil parameters.

Ending Remarks




Harry Downing, PE, Sr. Water Resources
Engineer, Applied Sciences Consulting, Inc.

hdowning@appliedfl.com

Lei Yang, PhD, PE, Chief Professional Engineer,
SWEFWMD

Lei.Yang@watermatters.org

Q&A




Left blank on purpose
the following slides just for potential questions



Vertical Layered Soil Data Generated by Soil Tool

18 | TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P1 0.5 2 18.11 0.410 0.005 0.401 0.092 0.010 0.59 1.52 1.57 5
19 TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P1 0.5 3 19.13 0.393 0.005 0.393 0.078 0.009 0.60 1.67 1.57 5
20 |TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P1 0.5 4 14.33 0.370 0.003 0.370 0.064 0.006 0.62 1.92 1.84 5
271 |TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P1 0.5 5 16.93 0.363 0.001 0.363 0.055 0.002 0.62 2.35 1.41 5
22 |TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P2 1 1 15.91 0.397 0.008 0.320 0.115 0.015 0.59 1.60 0.26 1
23 |TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P2 1 2 18.11 0.410 0.005 0.397 0.092 0.010 0.59 1.52 1.57 5
24 | TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P2 1 3 19.13 0.393 0.005 0.393 0.078 0.009 0.60 1.67 1.57 5
25 | TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P2 1 4 14.33 0.370 0.003 0.370 0.064 0.006 0.62 1.92 1.84 5
26 | TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P2 1 5 16.93 0.363 0.001 0.363 0.055 0.002 0.62 2.35 1.41 5
27 | TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P3 10 1 15.91 0.397 0.008 0.115 0.115 0.015 0.59 1.60 0.26 1
28 | TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P3 10 2 18.11 0.410 0.005 0.092 0.092 0.010 0.59 1.52 1.57 5
29 | TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P3 10 3 19.13 0.393 0.005 0.078 0.078 0.009 0.60 1.67 1.57 5
30 | TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P3 10 4 14.33 0.370 0.003 0.064 0.064 0.006 0.62 1.92 1.84 5
37 |TAVARES FINE SAND, 0 TO 5 PERCENT SLOPES 321047_P3 10 5 16.93 0.363 0.001 0.174 0.055 0.002 0.62 2.35 4.75 5
32 IMMOKALEE FINE SAND 321048 0.82021 1 22.80 0.523 0.039 0.487 0.187 0.097 0.55 0.94 0.33 1
33 IMMOKALEE FINE SAND 321048 0.82021 2 23.82 0.398 0.004 0.394 0.055 0.008 0.60 1.66 1.02 4
34 IMMOKALEE FINE SAND 321048 0.82021 3 10.42 0.358 0.018 0.358 0.153 0.035 0.63 2.20 1.41 5
35 [ IMMOKALEE FINE SAND 321048 0.82021 4 13.97 0.359 0.010 0.359 0.110 0.020 0.58 211 0.33 1
36 [ IMMOKALEE FINE SAND 321048 0.82021 5 11.61 0.366 0.011 0.366 0.119 0.021 0.61 2.07 0.49 2
t_VerticalLayeredSoilData @ q

=/




Green Ampt Soil Data Generated by Soil Tool



