SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT
RESOURCE REGULATION
TRAINING MEMORANDUM

Thisdocument issubject to change. If in doubt, verify current

DATE: December 04, 1996 statuswith Technical Services staff or the author (9).

SUBJECT: TM/ERP-961212.e
Determination of Vertical Permeability (K) and Horizontal Permeability (Ky) in
Surfacewater Management System Soil

TO: Surface Water Manager s and Staff

FROM: CharlieH. Miller, P.E., Chief Regulation Engineer, Technical Services

THE PURPOSE OF THISDOCUMENT ISTO PROVIDE GENERAL GUIDANCE FOR
REGULATION REVIEW BY DISTRICT STAFF. THE GUIDELINES SET FORTH HEREIN
MAY BE MODIFIED IN APPROPRIATE CIRCUMSTANCES.

BACKGROUND: Didrict gaff may receive an ERP application that does not identify soil (K,) and/or
(Ky) in the proposed sormwater management system. Staff may then be faced with reviewing (or
caculaing) agroundwater andyssfor any (or dl) of the following items:

1) Required treatment volume recovery in “dry” retention/detention ponds,

2) Sail infiltration rates in a retention/detention pond that are exported as arating curve to a computer
software flood routing mode;

3) Redius of influence calculations for elevated retention/detention ponds; or

4) Radius of influence calculations for drainage ditches, subsurface drains, or retention/detention ponds
with outfal structures designed to lower on/off-ste groundweter tables.

DESCRIPTION: The Didrict’s Governing Board has the authority to establish rules to limit impacts
which would be significantly harmful to the water resources and/or ecology of the area. Didtrict rules provide
conditions of issuance for permits which require an gpplicant to provide reasonable assurance that the
proposed project will not cause adverse impacts to existing surface water storage, wetland functions, and
groundweter levels. In addition, the project desgn must be based on generally accepted engineering
principles which will dlow for proper functioning of the system.

Procedure- The proper determination of vertica and horizonta permeability rates are critica in
groundwater caculations for the four Stuations listed above. Alterations of K,, and/or K, can sgnificantly
change radius of influence distances, dtered groundwater eevations, and required treetment volume
drawdown times.

Process - The following outline is provided to aid gaff in the determination of K, and/or K, thet is
based on generdly accepted engineering principles.
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Ky and/or K, ratesfor find design of a project should aways be based on fidd and |aboratory test
methods. These methods are summarized in Chapter 3 of the Jamma & Associates report entitled
“Stormwater Retention Pond Infiltration Andysisin Unconfined Aquifers” An abbreviated portion of
Chapter 3 can be found in Attachment “A” of this Training Memorandum. The reeder of this Training
Memorandum should obtain a complete copy of the Jamma Report for additiond information on Ky,
and K, . Table 3-3in Chapter 3 goes into greeter detail, especiadly on the methods for determining
Ky.

A proposed stormwater management system should contain the gppropriate number of soil and/or
hydraulic permesbility tests (ak.a hydraulic conductivity testsin the Jammd report). The
recommended minimum number of testsis dso summarized in Chapter 3 of the Jammd report
(Attachment “B” of this Technica Memorandum).

In the event that the applicant does not provide K, and/or K, rates, staff can estimate these vaues
from the appropriate USDA-NRCS Soil Survey of the area. However, these estimated K, and/or
K, rates should only be used for initid review of the gpplication for the purpose of preparing the
“request for additiond information” letter to the gpplicant. Staff should use extreme caution in
accepting these estimated K, _and/or K,, values asfinal design ratesfor the purpose of
evaluating the per mit application.

Attachment “C” of this Technicd Memorandum outlines arationa procedure that can be used for
edimating the preliminary K, and/or K, rates.

REFERENCES. 1. Chapters 373.016(2)(b),(d),(6),and(f); 373.042(2); 373.113; 373.171(1)(C);

373.413(h); 373.414(1)(a)(1), (2), (5), and (7), Florida Statutes

2. Rule 40D-4.091(1), Section 7.5.2, Basis of Review; Rule 40D-4.101(1)(c)
and (e); 40D-4.301(1)(c), (g), and (1), Florida Administrative Code

3. TM/ERP-961212.b, “Overdrainage and Water Conservation, Section 4.6,
Bass of Review”

4. TM/ERP-961212.c, “Potentia Impacts to On-Site and Off-Site Property
From Stormwater Ponds L ocated Near Property Boundaries’

5. TM/ERP-961212.d, “Water Table Drawdown Effects Due to Ditching,
Subsurface Drains, and/or Stormwater Retention/Detention Ponds’

6. Jamma & Associates, Inc. (Nicolas E. Andreyev, P.E.), 1989/91 Edition of
“Stormwater Retention Pond Infiltration Andyssin Unconfined Aquifers’,
prepared for the Southwest Florida Water Management Didtrict.

7. David K. Todd, University of Cdifornia, Berkeley, “Groundwater Hydrology
©”, Second Edition, John Wiley & Sons, Inc.,1980

8. Modret© * ,Version 5.0 computer model

9. Ponds©”, Version 2.24 computer model

10.  USGS Modflow computer modd (Public Domain model)

* The Modret© and Ponds© computer models are graphica pre- and post-
processors that utilize the USGS Modflow computer modd as their “ software

engine’
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STATUS This Training Memorandum aong with TM/ERP - 961212.d replaces |OP/SWP-

030 and SWP-20.02 dated April 20, 1990, entitled “Water Table Drawdown Effects
Due to Ditching and Sub-Surface Drains’

ATTACHMENTS. A) A portion of Chapter 3 of the 1989/91 edition of “ Stormwater Retention
Pond Infiltration Analyssin Unconfined Aquifers’ by Jammd & Associates,
Inc., dedling with recommended testing methods and techniques for vertica
and horizonta permegbility.

B) A portion of Chapter 3 of the 1989/91 edition of “ Stormwater Retention
Pond Infiltration Analysisin Unconfined Aquifers’ by Jammd & Associates,
Inc., dedling with the recommended minimum number of soil boringsina
proposed retention/detention pond.

C) A Rationd Procedure for Estimating Preliminary Vertica and Horizontal
Permesbility.

DISTRIBUTION: Executive, Generd Counsd, Resource Regulation Directors, Technica Services,
Records & Data, Administrative Secretaries, Permit Coordinators, Central Records

AUTHOR: Hank Higginbotham, P.E., Professional Engineer, Technical Services
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Florida Registration No. 31977 Date:
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Stormwater Retention Pond | nfiltration
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Prepared by:

Nicolas E. Andreyev, P.E.
Professona Service Indudtries, Inc.
Jamma & Asociaes Divison
1675 Lee Road
Winter Park, Florida 32789
Telephone (407) 645-5560

Prepared for:

Southwest Florida Water Management Digtrict
2379 Broad Street
Brooksville, Florida 34609-6899
Telephone (352) 796-7211

This publication isavailable from the
Southwest Florida Water Management District
Technical Services Department
for $30.00, which coversthe costs of
printing, handling and shipping.
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Chapter 3
Review of Field and Laboratory Test Methods

Conclusions and Recommendations

There are many different field and laboratory test methods which can be used to explore and estimate
hydrogeologic conditions and hydraulic parameters of an aquifer. In most ingtances, the limitations of the
various methods are not clearly understood. To measure the horizontal hydraulic conductivity of the entire
effective aguifer thickness, we recommend using short or long term pumping tests. This method, if used
properly, provides the most reliable results. Sug tests are the next best means of measuring the hydraulic
conductivity of the entire aquifer thickness, but the accuracy of this method is usudly hindered by the need to
ingal the piezometer in an undisturbed condition. For instance, if a clayey fine sand or day is encountered in
the profile in which the well isto be ingaled, unrdiable results are usudly obtained due to smearing of the soil
surface during drilling and piezometer ingtallation.

Laboratory permeability measurements on undisturbed samples generdly yield accurate results, but the vaue
of hydraulic conductivity is usudly representetive of a point of a soil sratum within the aquifer. Therefore, to
characterize the entire aquifer system, permesability tubes would need to be collected in each soil Strata
comprising the aguifer sysem. This method is generdly limited by the number of tests required and the fact
that undisturbed samples must be collected.

Therefore, it is our opinion that the most effective method of hydraulic conductivity testing is a combination of
laboratory and field tests that produce the most reliable results. These would include [aboratory tests on
undisturbed samples obtained from shdlow depths, field auger/tube tests in sandy soils and above ground
water table, piezometer dug tests with properly instaled and developed wells in deeper sandy deposits and
short term or long term pump tests for multi-layer aquifer systems. A summary of recommended methods for
the various exploration and testing techniquesiis presented in Table 3-4.

It should be redlized that the information contained in this chapter is intended for planning purposes. Good,
sound engineering judgment is till needed to determine when and where a particular method is gpplicable, to
assess the limitations of each method and the validity of its results.
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Table 3-4.

Recommended Field and Laboratory Testing Methods
for Stormwater Retention Pond Infiltration Analysis

CONDITIONS TEST METHOD
Soil Exploration
Type and condition of soil
<10 feet hand or power auger borings
>10 feet <60 feet power auger borings
In-situ density needed (any depth) Standard Penetration Test Boring

Accurate ground water level reading is critical

Hand or power auger boring and alow water
levd to gabilize for aminimum of 24 hours

Hydraulic Conductivity Measurement

Shdlow hydraulic conductivity measurement
above ground water table (sandy soil)

<4 feet

Excavate test pit with post-hole digger or shove,
hand drive shelby tube and perform laboratory
permeameter tests

>4 feet <10 feet

Excavate test pit with backhoe or other
equipment, collect shelby tubes by hand and
perform laboratory permeameter tests.

>10 feet <50 feat

Drill power auger borings to depth of proposed
test. Ingtal casing to bottom of borehole and
screen the desired test interval. Conduct field
hydraulic test usng well permeameter method
(U.SB.R. Designation E-19).

Hydraulic Conductivity Measurement below
Ground Water Table (sandy soil) <30 feet

Ingtall piezometer to desired depth, develop
piezometers, sabilize for 24 hour minimum and
conduct dug test or constant head test
(Hvordev, 1951, U.S. Navy, 1974 and Bouwer
& Rice, 1971)

Accurate Determination of Hydraulic
Conductivity is critica. Measurement below
ground water table. Any depth.

Install two wells and conduct short-term
pumping test (Lohman, 1972)
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Table 3-4.
Recommended Field and Laboratory Testing Methods
for Stormwater Retention Pond Infiltration Analysis

CONDITIONS

TEST METHOD

Hydraulic Conductivity Measurement

Edtimate K,, (unsaturated initid infiltration)

Conduct Double Ring Infiltrometer tests.
Alternatives, obtain undisturbed tube samplein
the verticd direction. Conduct laboratory
permeameter test and then estimate K,
(unsaturated) by empirical methods

Deep hydraulic conductivity messurement below
restrictive soils or confining unit (sandy soil).
Ground water table below bottom of restrictive
soil

Install piezometer(s) to desired depth and screen
below confining unit. Grout from bottom of
confining unit to land surface. Conduct dug test
in piezometer(s) (Hvordev, 1951; U.S. Navy,
1974)

Deep hydraulic conductivity messurement below
restrictive soil or confining unit (sandy sail).
Ground water table above confining unit.

L eakance suspected to be high through confining
unit.

Ingtal two (2) piezometers to desired depth and
screen below confining unit. Grout from bottom
of confining unit to land surface. Conduct long-
term pumping test (Lohman, 1972)

Shdlow or deep hydraulic conductivity
measurement of restrictive soils (clayey sand,
clays and hardpan)

Collect shelby tube soil sample by hand or with
drill rig and conduct |aboratory permeameter test
in triaxia machine.

Approximate estimate of hydraulic conductivity
after drilling is completed

Remold sample collected during drilling program
to the approximate in-situ unit weight and
conduct |aboratory test in triaxid machine.

Unsaturated Verticd Infiltration Estimate, Direct
Method

Conduct double ring infiltrometer test at pond
bottom level. Compact test surface to the
approximate post-congtruction density. Usefind
(1) infiltration rate determined during test.
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Chapter 3
Review of Field and Laboratory Test Methods

General Considerations

One of the most important stepsin the evauation of a ormwater retention pond is determining which test
methods and how many tests should be conducted per site or per system. Typicaly, asoil boring and some
type of hydraulic conductivity measurement is conducted for each sormwater retention pond, as a minimum.
The number of soil borings and hydraulic conductivity tests performed are usualy based on Ste topography,
subsurface hydrogeol ogic conditions, pond size and pond geometry. Judgement and experience are usualy
applied in the decison-making process. In thisreport, we have devel oped methods for estimating the
required number of borings and hydraulic conductivity testsin order to characterize the shalow aquifer sysem
for retention pond designs. These methods should only be used as a guide and more or |ess tests may
become necessary based on loca experience and knowledge of site hydrogeologic conditions.

Soil Borings

To explore the subsurface soil and ground water table conditions within an area proposed for a scormwater
retention pond, Standard Penetration Test (SPT) borings (ASTM D-1586) or auger borings (ASTM D-
1452) can be used. Standard Penetration Test borings provide a reasonable soil profile and an estimate of
the relaive dengity of the soils. However, measurement of the ground water table depth in SPT boringsis
usually less accurate than in auger borings due to the drilling fluid (bentonite-mud) used during the drilling
process. Power auger borings generaly provide more accurate soil profiles and a better estimate of depth to
the ground water table. Therefore, acombination of SPT and auger boringsin a retention pond would
provide the best data to characterize the effective aquifer system.

In generd, it is preferable to extend soil borings to the confining layers of the effective aquifer system.
However, for small retention pond systems (<1,000 ft?), such a requirement may not be practical or cost
effective. A more gppropriate method of estimating minimum soil boring depth would be to extend the boring
to the confining layers or aminimum of 10 feet below proposed pond bottom. For modeling purposes,
confining layers should be st at the encountered devations of poorly permegble soil layers (confining layers)
or at the bottom of the test borings, if confining layers are not encountered.
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When sdlecting the minimum number of borings, a minimum of one soil boring should be drilled to at least 10
feet below the proposed pond bottom elevation within the pond area. When more than one boring is
required, the following approximate equation (empirica equation developed by Jamma & Associates, Inc.)
can be gpplied to egtimate the recommended number of soil borings required. The approximate equation
takes into consderation the average area and configuration of the proposed pond:

B=1+\/ﬁ+ﬁ (3-1)

Where:

number of recommended borings
average pond areain acres
length of pond, in feet

width of pond, in feet

pi (3.14)

Hsrr>w

In addition, an approximate equation to estimate the recommended number of hydraulic conductivity tests to
be conducted was aso developed by Jammal & Associates, Inc., and is presented below:

B
P = 1 = 3_2
g (3-2)
Where:

p
B

number of hydraulic conductivity tests required
number of borings drilled

These equations are useful in determining the minimum number of tests that should be conducted. Additiond
tests may be required for systems located within asite which has complex hydrogeology and/or gppreciable
topographic relief.
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A Rational Procedurefor Estimating Preliminary K, and Ky

The gpplicant did not provide any on-site soil borings or permegbility tests. The local USDA-NRCS soils
maps of the area show that the upland areas of the Site in question are comprised entirely of Ona series soils
(HSG of "B/D") with a Seasond High Ground Water Table (SHGWT) from 0" to 12" below the ground
surface, and the following vertical permesbility rates

Depth From Surface Vertica Permeghility (Ky)

0'- 9o 6.0- 20.0 in/hr

9'-16" 0.6- 20 in/hr

16" - 80" 6.0- 20.0 in/hr

1 Determine a composite vertica permeability (K,,) for the soil in question using the following equation:
K Zy+ Z,+ 7+ 2y
V =

Zl + ZZ RN +. ZN

KVZI. KV2 KVN
Where: Kyi, Kyz, ... Kyy - Verticd hydraulic conductivities of soil layers
Z,,2Z,,...2y - Thicknessof soil layers

From the loca USDA-NRCS soils information, assume the aver age verticad permegbility asfollows:

Depth Range of Ky, Average Ky
o"- o 6.0-20.0 in./hr 13.0 in/hr
9" - 16" 0.6- 20 in/hr 1.3 in/hr

16" - 80" 6.0-20.0 in./hr 13.0 in/hr

Therefore: zZ,=9", 2=T7", Z,=64"
Ky, =13in/hr, K,,=13in/hr, K3=13in/hr
and Ky =7.27in./hr. (14.54 ft./day)

2. Determine a composite horizontal permesbility (K ;) for the soil in question using the following equation:
= K Zy +Kyp Zp + o+ Ky 2y
Ky

Z, +Z, ..+ Zy
Usea 1.5 multiplier as an gpproximate conversion factor between K, and K.

Therefore: 2,=9", L,=T7", Z;=64"
Ky =195in/hr, Ky, =1.95in/hr, Kyz=195in/hr

and Ky =17.96 in./hr (35.92 ft./day)



