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Abstract

Despite proximity to one of the world’s largest freshwater resources, areas of northeastern lllinois are
facing future water supply problems because of a mismatch between projected population growth and
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water availability. Raising awareness among local decision-makers in northeastern lllinois about the
effects of land use on water supply remains crucially important. This project developed a user-friendly
online model, based on the popular L-THIA (Long-Term Hydrologic Impact Assessment) web tool
(http://www.ecn.purdue.edu/runoff/ithianew/), to quantify the effects of land use change on local and
regional water supply so that officials can make more informed decisions regarding land development.

Introduction

Despite proximity to one of the world’s largest freshwater resources, areas of northeastern lllinois are
facing future water supply problems because of a mismatch between projected population growth and
water availability. Raising awareness among local decision-makers in northeastern lllinois about the
effects of land use on water supply remains crucially important. In addition to the high ranking the water
supply issue received during the Northeastern lllinois Planning Commission’s (NIPC)* Strategic Plan for
Water Resource Management published in 2001, concern has remained strong throughout NIPC’s larger
Common Ground planning process, which ended in 2006 with the publication of the 2040 Regional
Framework Plan and offered a number of broad recommendations for protecting water supplies in the
region. Taking a page from NIPC’s forecast playbook, which uses an ArcView-based outreach tool called
Paint the Town to illustrate to local officials the population and employment consequences of land use
decisions, this project developed a user-friendly online model to quantify the effects of land use change
on local and regional water supply so that officials can make more informed decisions regarding land
development.

The platform for the water supply model is the Long-Term Hydrologic Impact Assessment (L-THIA) model
developed by Purdue University with support from the U.S. Environmental Protection Agency.” The L-
THIA product allows users to develop before-and-after land use scenarios by inputting acreages for
forest, farmland, etc. and post-conversion acreages for residential, commercial, etc. Given the county and
the hydrologic soil group of the development, L-THIA then computes the expected runoff volume and
depth change from the land use change and estimates the resulting differential in pollutant loading. These
estimates are obtained using the Soil Conservation Service Curve Number methodology. Using L-THIA
as the application platform provides a number of benefits. As the software already operates from a land
use planning point of view, it meshed well with our intent to relate water demand and availability to
development patterns. The L-THIA water supply extension also illustrates the association between
increased demand for water with development and the potential decrease in availability as urbanization
reduces aquifer recharge. A strong synergy could develop by combining water supply evaluation with
hydrologic impact assessment, especially because L-THIA is already packaged online with several other
tools, including an online watershed delineator and a short-term runoff calculator (SedSpec). Finally, L-
THIA is a familiar tool and already has a significant user community behind it.

In brief, the objectives of the project were:

1. To advance the development of useful, interactive tools that assist local policy and planning
professionals in making long-term sustainable development decisions. This element was
conducted in collaboration with all the project partners.

2. To develop an extension for the Long-Term Hydrologic Impact Assessment (L-THIA) software to
assess the water supply demand and groundwater recharge implications of long range municipal
growth and development plans. This element was conducted by the CMAP and Purdue University
teams.

3. To assess the utility and ease of use of the water supply planning software extension to ensure
the impact of the software tool on water supply awareness as it affects future municipal
development processes and decisions. This element was conducted by the Hunter College team
with input from CMAP. The final report can be found in Attachment F.

! Precursor agency to the Chicago Metropolitan Agency for Planning

% The water supply module developed in this project can be found at
http://www.ecn.purdue.edu/runoff/ithianew/waterSupplyTrial.htm. The original L-THIA tool can be found at
http://www.ecn.purdue.edu/runoff/.
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Narrative Report

Methods. The project had three distinct analytical elements: estimating water demand by land use type
and intensity, estimating a development’s “hydrologic footprint,” and estimating groundwater recharge.
Water demand calculations were prepared mainly by CMAP staff using typical estimation techniques
modified from Nelson (2004). Calculations of demand were carried out for each type of user-selected land
use, e.g., residential, open space, etc. In general, household-based estimates were made for residential
uses and employment-based estimates were made for commercial/industrial uses. Attachment A shows
the equations used in the form of a flow chart, Attachment B records the coefficients used in the
equations, and Attachment C shows the references for the coefficients.

As we began with existing L-THIA architecture and wanted to maximize compatibility with the existing
tool, we tried to limit changes to existing land use categories. However, considering our treatment of
water demand as a function of land use, it became necessary to introduce additional categories to
account for variation caused by differences in employment and population density. New categories were
organized to nest within the existing categories. Thus, for example, the commercial land use category
from L-THIA was broken further into restaurants, grocery stores, etc. These more-detailed categories
were derived primarily from the “Paint Chip Palette” used in NIPC’s Paint the Town-based forecasting. In
brief, each “paint chip” is a land use type with a representative photograph and land use intensity (in floor
area ratio (FAR)® or dwelling units per acre). As the L-THIA water supply module is intended to provide
information that helps improve decision-making, certain conservation measures were incorporated as
options users can select. These were gray water reuse, water efficient landscaping, and typical active
conservation measures. The conservation component of the tool was restricted to residential land uses as
these were expected to dominate in terms of area and conservation measures available to other land
uses frequently depend on facility-specific activities, e.g., the conservation measures available to car
washes are very different from those available to grocery stores.

The hydrologic footprint (HP) element of the water supply module is meant to provide local officials with
an indicator of water supply sustainability. A metric was developed, the HP, that relates the area of
proposed land use conversion to the area of land needed to provide sufficient recharge to meet the water
supply demand induced by that land use change. Two important assumptions were made. First, new
development will be served by wells finished in shallow aquifer systems. Because the so-called deep
bedrock aquifer system in northeastern lllinois is being used at a rate that exceeds its estimated practical
sustained yield, a “policy decision” was made not to include that aquifer in estimates of available water. In
addition, to simplify the tool, rivers and Lake Michigan were not included. Most new withdrawals are
expected to be from groundwater, so the latter assumption is likely acceptable. The second assumption
was that the sustainable yield of shallow aquifers is equal to their areal recharge rate, i.e., that all the
water that enters the aquifer can be withdrawn for human use, which means that none of the additional
water would discharge to streams and wetlands. While we are aware that such an assumption is not
sound if we wish to protect ecosystem function as part of sustainability, we were unable to devise a
calculation scheme that “set aside” recharge for surface water bodies. The L-THIA water supply module
is, again, meant to allow users to compare the impacts of different land use scenarios — different
proposed developments. The HP concept was operationalized as the ratio of water demand per acre in
the proposed development to the estimated per-acre recharge rate in the township. Thus, the HP
indicator answers the question, “Is your proposed usage running above, at, or below the average
availability of water in your township?” Township figures were employed because the lllinois State Water
Survey had recently developed GIS shapefiles with recharge rates by township and made them available
to the project partners (Wehrmann et al. 2003).

*FARis occupied floor space divided by lot size. It essentially shows how much building there is per unit of land and
is thus a measure of land use intensity.
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Attachment D shows the flow chart for the HP calculation. In an effort to respond to the potential effect of
development on water availability, the HP incorporated increases to recharge through detention basin
leakage, decreases to recharge through the creation of impervious surfaces, and increases to recharge
through sewer line leakage and septic tank outflow. After review of available evidence, it was concluded
that sewer leakage would not be a factor in northeastern lllinois, where typically infiltration rather than
leakage is an issue (CDM 2000). Detention basins were likewise assumed to have a leakage rate of zero.
Infiltration rates for soils are highly variable across NE lllinois, and while estimates from SSURGO could
be made to compute them for a local area, that would not be relevant for an excavated basin.
Furthermore, dry ponds usually have to be specifically engineered for infiltration, and wet ponds tend to
silt up. For runoff from small rain events routed into dry ponds, most of the water will probably be
evapotranspirated rather than infiltrating. Also, at least some municipalities require liners on detention
ponds, although this is disappearing because the liners are problematic. (For further details on Hydrologic
Footprint concept and computations, see Attachment G — a paper submitted for peer-reviewed
publication in the Journal of the American Planning Association and authored by D. Tripathy et al.,).

The recharge component estimates the amount of recharge to aquifers under different land-use
scenarios. New development typically has a negative impact on groundwater, both as a result of
groundwater withdrawal for water supply and by decreasing the amount of precipitation that returns to
aquifers. The model considers input parameters, such as soil type as well as variables that can be
influenced by policy to estimate impacts of land-use change on groundwater recharge. Attachment D_2
shows the flow chart for the recharge computation. USDA hydrologic soil group information is used in the
tool as the basis for determining average annual recharge depth

For the water supply planning modeling tool, it is assumed that the sustainable groundwater supply can
be achieved when recharge is less than demand, and when total potential yield from aquifers is less than
recharge. Quantification of land-use related recharge is complex and site specific, and no single model
can provide accurate results across all spatial and temporal scales. In addition, the data for such models
are unlikely to be assembled by decision makers, thus the simple soil-group based method for providing
an initial approximation of recharge is adopted here. If required, recharge estimates in the model can be
updated based on data from other sources or methods for specific sites. (For further details see
Attachment H — a paper submitted for peer-reviewed publication in the Journal of American Water
Resources Association and authored by D. Tripathy et al.).

Results. The project team completed the L-THIA water supply module as proposed. Two main user
evaluation sessions were held, one in January 2006 and another in March 2007. The first was meant to
provide a broad picture of the initial approach to tool development. It was conducted during a meeting of
the Southern Lake Michigan Regional Water Supply Consortium, a group of water resource professionals,
utility operators, and others. After a presentation about the project that indicated the design and function
of the tool in mock-up form, the audience was asked to fill out a simple survey meant to validate or
invalidate the overall direction of the project. The results, shown below, suggest that the group was
generally pleased with the development of the tool.

Component of L-THIA Water Supply Module
Hydrologic Recharge .

Demand Footprint Computation Complexity of Tool
Useful 12 11 8 —
May be useful with 2 3 5 .
improvement
Not useful 1 1 1 —
About right — — — 10
Too simple — — — 3
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The evaluation held in March 2007 was meant mainly to introduce participants in the state-mandated and
CMAP-led regional water supply planning process to the L-THIA water supply module. As such, the
evaluation was conducted on a more qualitative basis. In general, the participants felt the tool, as
developed, was appropriate for the project objectives. A summary of the March 2007 session can be
found in Attachment E.

Conclusions and Recommendations. In general, we feel that the L-THIA water supply module offers a
useful sketch-planning tool for local government officials in urbanizing areas in northeastern lllinois. It is
most useful for judging the effects of residential development and probably less so for commercial and
industrial (C&l) uses because the relationship between general land use and water use begins to break
down as process requirements come into play for specific types of C&l developments. Furthermore, when
local officials lay out C&I zones at the land use planning stage, it is generally difficult for them to predict
what specific types of C&l facilities will be developed. If there is concern over the water use of a proposed
facility, it would be best to conduct a detailed study. However, it is expected that the commercial demand
estimates are more reliable than the industrial estimates.

One of the problems with the tool is its lack of validation. While validating demand estimates seems as
though it would be straightforward, it cannot be done on a disaggregated basis. The most readily
available data for such a validation would be the annual water usage data for the communities served by
Lake Michigan in lllinois which the lllinois Department of Natural Resources collects. These data are only
broken down into residential, commercial and manufacturing, municipal, and construction usage
categories, and accuracy of the apportionment into categories is uncertain. It is therefore difficult to test
the land-use based demand estimates against usage figures from IDNR. Furthermore, apparent errors in
the overall L-THIA estimates could not be sourced to any particular incorrect coefficient since it would be
largely impossible to isolate the coefficient(s) responsible. Finally, municipalities served by Lake Michigan
tend, in general, to have an older stock of buildings that could be expected to be less efficient than the
standards which the L-THIA demand estimates assume are in place for new developments.

In general, a lack of suitable data in the region hampers the development of simple sketch-planning tools.
For example, the hydrologic footprint calculations rely on recharge estimates for the shallow aquifer
systems that were originally published in the 1960s and no substantive improvements have been made to
them since then.

Potential Applications or Benefits

The L-THIA water supply module (http://www.ecn.purdue.edu/runoff/lthianew/waterSupplyTrial.htm) is
intended to be applied by local government decision-makers in assessing their water supplies. As it is
freely available to them as a web application and is being marketed through CMAP, we expect it will be
used as intended. Furthermore, since CMAP is now engaged in a three-year state-funded water supply
planning project that requires tools to educate local officials, CMAP staff expect to deploy it as part of the
planning process.

Keywords
Water supply, web-based tool, regional planning, L-THIA, groundwater, recharge
Lay Summary

Despite proximity to one of the world’s largest freshwater resources, areas of northeastern lllinois are
facing future water supply problems because of a mismatch between projected population growth and
water availability. Raising awareness among local decision-makers in northeastern lllinois about the
effects of land use on water supply remains crucially important. This project developed a user-friendly
online model, based on the popular L-THIA (Long-Term Hydrologic Impact Assessment) web tool, to
guantify the effects of land use change on local and regional water supply so that officials can make more
informed decisions regarding land development. The tool allows users to estimate demand resulting from
new development, uses a simple measure called the hydrologic footprint to indicate whether that demand
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is sustainable on a long-term basis, and estimates impacts on groundwater itself.
International Implications

None

Media Coverage

None

Partnerships with other institutions/individuals initiated or continued by your project
None

Publications (if applicable)

Elam, J., B. Engel, and D. Tripathy. Presentation at National Association of Counties Conference.
Chicago, Illinois. August 2006.

O’Donnell, D., L. Ramasubramanian, and J. Wickenkamp. Decision Support in the Face of
Uncertainty: Water Resource Planning in Illinois. Presentation at the 4th Public Participation GIS
conference at Cleveland State University, Cleveland, OH. July 30 — August 2, 2005.

Papers being submitted to the Journal of the American Planning Association and the Journal of

the American Water Resources Association (primary author Dibyajyoti Tripathy; see Attachments
Y and 2).

Undergraduate/Graduate Names and degree
Dibyajyoti Tripathy — Ph.D. in Earth Sciences (2007), Purdue University, West Lafayette, IN.
Dissertation entitled: Development of a Decision Support Tool for Assessing Impacts of Land-use
Change on Groundwater Quantity. His dissertation research was instrumental in the development
of Water Supply Planning Modeling Tool, and was partly supported by the lllinois-Indiana Sea
Grant.

David O'Donnell — Masters of Urban Planning and Policy (2005), University of Illinois at Chicago;
support during two semesters of course work.

Related Projects

None.

Awards and Honors

None

Patents/Licenses

None

Graphs, figures and/or photos

See attachments.
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Attachment A — Calculation Flow for Demand Estimates
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Attachment B — Coefficients Used in Demand and Hydrologic Footprint Calculations

1 2 3 4 . 5 6 | 7 8 9 | 10
Commercial/ industrial/
institutional Residential All
Indoor
Default residenti
ground- al use Average Irrigatio
Gallons Default level (gallons | landscap Net/ n
per dwelling minimu per ed area Gross gallons %
Default SF/ employee | units per m open capita per lot Density = perday @ impervi
FAR employee per day acre space per day) (ac) (%) per acre ous
Commercial
1 General 0.30 750 351 e —— 5%
2 Hotel 0.43 1500 240 e 85%
3 Gas station w/ car wash 0.12 750 1125 B 85%
4 Grocery 0.33 750 170 EEE ] 85%
5 Strip retail 0.33 750 152 1
6 Restaurant 0.20 750 265 | 1
7 Big box 0.30 750 152 | 1
Industrial
8 General 0.40 796 386
9 Low density office 0.43 325 140
10 Medium density office 2.25 325 140 |
11 High density office 6.22 325 140 |
12 Light industrial 0.40 1000 500
Heavy industrial ‘
13 /manufacturing 0.40 1000 1500
14 Suburban warehouse 0.23 1300 140 \
15 Urban warehouse 0.49 1300 140
Institutional
16 General 1.12 783 218
17 Hospital 4.42 1003 124 B 45%
18 Church 0.46 5000 308 L 45%
19 Low density senior homes 0.43 823 124 e 45%
20 High density senior homes 1.74 823 124 FE e 45%
21 Municipal 0.46 325 140 e 45%
22 Library 0.83 1000 308 [ 45%
23 High school 0.31 752 308 L
24 Middle/elementary school 0.31 752 308 I a5
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1 2 3 4 5 6 7 8 9 | 10
Commercial/ industrial/
institutional Residential All
Indoor
Default residenti
ground- al use Average Irrigatio
Gallons Default level (gallons | landscap Net/ n
per dwelling minimu per ed area Gross gallons %
Default SF/ employee | units per m open capita per lot Density = perday @ impervi
FAR employee per day acre space per day) (ac) (%) per acre ous
Residential
Single Family (lot size,
acres)
25 0.072 1232 48%
26 0.125 1232 43%
27 0.25 1232 36%
28 0.33 I N R N 1232 33%
29 05 I N R N 1232 29%
3 2 FFH-_ 1232 16%
Multi-family (total) | \ \ \
31 Low density | 1 | 10 1232 50%
32 Moderate density 1 1 | 24 25% 34 1232 75%
33 Medium-High density 1 1 | 40 25% 34 1232 75%
34 High density F_H 120 1232 100%
Open space
35 Cemetery 0 0%
36 Passive park 0 0%
37 Ball field 3645 0%
38 Golf course 3645 0%
39 Agricultural 536 0%
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Additional Parameters
Unaccounted for flow (UFF) in
distribution system

Sewer exfiltration rate

Detention requirement

Detention pond leakage rate

Consumptive use
Residential indoor

C&l
Institutional

Agricultural

Open space & residential outdoor
Single family conservation
measures

Reduction by water efficient

landscaping

Reduction by typical active

conservation measures

Reduction by greywater system

Golf course correction factor

Precipitation elasticity
Temperature elasticity
Vacancy rate

Chicago Metropolitan Agency for Planning
Purdue University
Hunter College

Value
11%

0%
Function of
impervious

surface
0

3%

15%
15%

90%
90%

20%
16%

28.9

1.081

-0.13
1.1112
6%

Unit

Gallac
Gal/ac/day

gpcd

Notes

U.S. avg, from 1980 EPA study
Not gen. relevant in high water table areas -- usu.
infiltration instead. Can be 5~10% in the west.

From Council of Great Lakes Governors study
(2002)

Assumed from C&l

From Council of Great Lakes Governors study
(2002)

Assumed from agricultural use

Vicker's conservative estimate; could parse this out
into components

Better washing machines, dishwashers, leak
correction

% reduction = (28.9 - outdoor use) / outdoor use
Correction factor = [(74/68 deg
F)*1.1125]*[(3.8/3.35 inches)*-0.13], where
exponents are elasticities below and temperatures
and precipitation from NCDC Area-Weighted
Seasonal Normals 1971-2000

Avg of values in COMPASS study and
Dziegelewski 2004

For summer temperature normal

Standard assumption

Final Report

Reference
The Civil Engineering Handbook,
1995.

CDM 2000

See T. Price, NIPC study, 1993

CDM 2000

GLC 2005

GLC 2005

Vickers 2001

Calc from Residential End Uses
Study (AWWA 1999); Vickers 2001
Calc from nonbathroom
wastewater use in Vickers 2001

Dziegelewski 2004
Nelson 2004
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Attachment C — References for Coefficients Used in Demand Calculations
Note: row and column numbers correspond to rows and columns from Attachment B.
1 2 3 4 5 6 7 8 9 10

NIPC Paint NIPC

1 the Town internal From current
Paint Chip study, Gleick et al. L-THIA
Palette(2005) | undated @ 2003 assumptions

2 Ibid. Ibid. Ibid. Ibid.

Derived

3 from Brown
Ibid. Ibid. 2002 Ibid.

4 Gleick et al.

Ibid. Ibid. 2003 Ibid.

5 Ibid. Ibid. Ibid. Ibid.

6 Ibid. Ibid. Ibid. Ibid.

7 Ibid. Ibid. Ibid. J Ibid.

8 Ibid. Ibid. Ibid. \ Ibid.

9 Ibid. Ibid. Ibid. \ Ibid.

10 Ibid. Ibid. Ibid. \ Ibid.

11 Ibid. Ibid. Ibid. \ Ibid.

12 Ibid. Ibid. Ibid. Ibid.

13 Ibid. Ibid. Ibid. Ibid.

Assumed

14 same as R9-

Ibid. Ibid. 11,C3 Ibid.

Assumed

15 same as R9-

Ibid. Ibid. 11,C3 Ibid.
Estimated as
institutional
categor

16 Fron£1J /

Maestre and

Ibid. Ibid. Ibid. Pitt n.d.

17 Ibid. Ibid. Ibid. Ibid.

Assumed

18 same as
Ibid. Ibid. R22-24,C3 Ibid.

19 Ibid. Ibid. Ibid. Ibid.

Chicago Metropolitan Agency for Planning

Purdue University
Hunter College
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20 Ibid. Ibid. Ibid.
21 Ibid. Ibid. Ibid.
22 Ibid. Ibid. Ibid.
23 Ibid. Ibid. Ibid.
24 | Ilbid. Ibid. Ibid.

25

26
27
28
29
30

31

32

Final Report

Estimate of
approx 52
indoor gpcd
from

Vickers
2001,
Mayer n.d.,
Set to match SCUWMP
zoning code n.d. for
maxima for current
low-density multifamily
Chicago Assumpti | reduced by
suburbs ons about = 35% water
(April 2006 typical savings by
NIPC study, | site Energy
n = 6) designs Policy Act
NIPC Paint
the Town
Paint Chip
Palette(2005 | Ibid.

Chicago Metropolitan Agency for Planning
Purdue University
Hunter College

REUS NIPC (J.
national Elam)
avg less study Calculated
Vickers using based on NIPC (J.
2001 NIPC (J. Cook INDEX Elam) study
calculation Elam) study County PlanBuilder using Cook
of water using Cook parcel methodology; County
savings by | County parcel | shapefile set GPD/ac parcel
mandatory | shapefileand = and 2001 constant to give = shapefile and
appliance 2001 aerials, aerials,n= same 2001 aerials,
stds in conducted at 6 gallons/year conducted at
Energy 1:1200 scale, @ subdivisio | figure as 1:1200 scale,
Policy Act n=18 ns INDEX. n=18
Ibid. Ibid. Ibid. Ibid. Ibid.
Ibid. Ibid. Ibid. Ibid. Ibid.
Ibid. Ibid. Ibid. Ibid. Ibid.

~ Ibid. Ibid. Ibid. Ibid. Ibid.
Ibid. Ibid. Ibid. Ibid. Ibid.

Ibid.
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33

Ibid.

34

Ibid.

35

36

37

38

39

Chicago Metropolitan Agency for Planning
Purdue University
Hunter College

Ibid.

Several calls
suggested that
parks and ball
fields typically
are not irrigated
(unless for
tournament-
level play)

Same as
R38C9

Based on
thesis
investigating
golf courses in
RI (Rottenberg
2003). Average
of 3,372 gpd/ac
from that study
multiplied by
golf course
correction
factor (see
"Other Coeffs"
tab)

Census of
Agriculture
2002 value for
Illinois
statewide
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Attachment D — Flow Chart for Hydrologic Footprint Calculations

Locate development
on township Map

Area in
development
(Sqmi)

\ 4

Groundwater
available in
»

Sewer or
Septic?

Sentic | | Sewer |

>, Township
/ (MGD/SgMi)

b

Avg % imperv
area=Sum(# SqMi of
land use *
%imperv)/(total area in
development)

v

Detention recharge per
SqMi=(Detained Storm
water (MG)*%Leakage
per day)/total area in
development (SqMi)

[Original # SqMi recharge
area needed] — [{Total
Demand in
MGD}/{Available
groundwater in
MGD/SqMi + Detention
recharge per SqMi]

Sewer leakage per
SqMi=[{Sum of indoor
water use in MGD - (sum
of indoor water use*%
consumptive use)} * {%
exfiltration in MGD}] /
[total area in development

(Sqmi)]

[Original # SqMi recharge
area needed] — [{Total
Demand in MGD}/{
Available groundwater in
MGD/SqMi + Sewer
leakage per SqMi]

v

Septic Outflow per
SgMi=[{Sum of indoor
water use in MGD} -
{sum of indoor water
use*% consumptive
use}]/[total area in
development (SqMi)]

[Original # SqMi recharge
area needed] — [{Total
Demand in MGD}/{
Available groundwater in
MGD/SqMi + Septic
outflow per SqMi]

Net recharge area
needed to supply
demand

. Stored data Data
‘

Chicago Metropolitan Agency for Planning

Purdue University
Hunter College
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Total Recharge area
demand per needed to supply
day (MGD) > demand (SqMi)

!

Increase in area
required to supply
demand
(Imperviousness) +

A 4

Decrease in area
required to supply
demand
(Detention) —

Decrease in area
required to supply
demand

(Septic Leak) —

Decrease in area
required to supply
demand

(Sewer Leak) —

)
)
)
)

Sum of +ve and —ve
changes in required
<4—— recharge area

Calculatio
n Prorecs

Outpu
t
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Attachment D_2 — Flow Chart for Recharge Calculations

Areain
Developrment
<% Inpervious (
¥ Y
Actial Available Tand = Omiginal Weighted Recharge
Area in Development - Depth {in ft) =(5umn of
(Area in Development * {Area in Developmernt *
% Ipervious) Recharge Depth}/ Simmof
Area in Development y12
&
Weighted Fecharge Depth Recha
(in ) = (Sum of {Actual Dol _
Available Land * Recharge P
Depth} Sum of Actual
Available Landy'12 L
A J
Eedharge Vohmme (in gpd) = Original Fecharge Vohome
[ Sum of Actual Available (in gpd) = [ Sumnof Areain
Land * 43360 * Weighted Development * 43360 *
Becharge Depth * 748 ]/ Original Weighted Recharge
365 Depth* 748 ]/ 363
¥
Additional T and to be Protected
= [ Sum of Area in Development /
Original Fecharge Volhone ) *
{ Omginal Pecharge Vohene -
Eecharge Vohmne)

Chicago Metropolitan Agency for Planning
Purdue University
Hunter College

Final Report
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Attachment E — L-THIA Water Supply Module Evaluation Meeting Summary (March 27, 2007)

Chicago Metropolitan
' Agency for Planning

233 South Wacker Drive
Suite 800, Sears Tower
Chicago, IL 60606

312-454-0400 (voice)
312-454-0411 (fax)
www.chicagoareaplanning.org

L-THIA Water Supply Module Evaluation Meeting Summary

March 27, 2007
Attendees
RWSPG

Last First Organization Email Caucus Group
Dudgeon Jerry Kendall County Planning | jdudgeon@co.kendall.il.us County

Will County Land Use
Duesing Colin Department cduesing@willcountylanduse.com ---

Academic &

Edstrom Jeff Geosyntec jedstrom@geosyntec.com Public Interest
Elam Jesse CMAP jelam@cmap.illinois.gov
Ervin Kate Hunter College kervin@hunter.cuny.edu

lllinois State Water
Glatfelter Ed Survey edg@uiuc.edu
Hamilton Howard | Will County hhamilton@rehamilton.org -—-
Injerd Daniel lllinois DNR dan.injerd@illinois.gov —

Corn Products Business,
Jirik Alan International alan.jirik@cornproducts.com Industry, Power

McHenry County Board
Koehler Ken Chairman kdkoehler@co.mchenry.il.us County
Ramasubramanian | Laxmi Hunter College laxmi@hunter.cuny.edu ---
Lyne Jamy Will County jlyne@willcountyillinois.com
O'Keefe Joyce Openlands Project jokeefe@openlands.org Environmental
Rotunno Lynn McHenry County LynnRotunno@yahoo.com Environmental
Stone Debbie lllinois DNR deborah.stone@illinois.gov

Ruth DeKalb County Board

Tobias Anne Chairman rtobias@niu.edu County
Wagner Bryan Public muldivas00@hotmail.com
Summary

Jesse Elam introduced the project and the partners and gave a PowerPoint presentation summarizing the
development of the L-THIA Water Supply Module. The goal of this web-based tool* is to indicate how
land use change at the local level affects potable water demand and to indicate whether water availability
is sufficient to meet the proposed demand. The project, however, began well before Regional Water
Supply Planning Group (RWSPG) started its regional planning process under the Illinois DNR program.
The goal of the evaluation meeting was to examine the L-THIA tool in its current state and determine
how it could be used to support the RWSPG's initiative, with the possibility of revising the tool to fit
RWSPG aims. Following a demonstration of the tool, Mr. Elam asked for feedback on it as well as a

* Available online at http://www.ecn.purdue.edu/runoff/lithianew/waterSupplyTrial.htm

Chicago Metropolitan Agency for Planning

Purdue University
Hunter College
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response to the question of how it could be used as part of the RWSPG’s work. The response to the tool
appeared to be positive overall, and meeting attendees supplied constructive criticism that will likely
improve the tool’s functionality. This feedback is summarized below.

Besides CMAP, the partners in the project include Purdue University, whose team is led by Bernie Engel
in the Department of Agricultural and Biological Engineering and which developed the sustainability and
recharge indicators portion of the tool as well as coding the tool and hosting it on the web. Hunter
College, whose team is led by Laxmi Ramasubramanian, is performing an evaluation of the tool’s
usability. Illinois-Indiana Sea Grant funded the project.

Feedback
Audience Comment: Agricultural users are not required to report their water usage — how can tool
calculate agricultural water use?

Answer: The statewide value of irrigation gallons per day per acre (GPD/ac) was used for
agricultural land use, but the user is also given the choice of whether the land will be irrigated or
not.

Audience Comment: Assumption that all infiltration can be withdrawn is very strong. Also assumes that
no water is going to surface waters or wetlands, whereas the fraction discharging to water bodies in
settings without groundwater pumpage is very high.

Answer: True. We have been considering making a blanket assumption that only some
percentage of recharge could be available for withdrawal, but have not determined what that
percentage should be.

Audience Question: Is the tool just for shallow groundwater?

Answer: Because NE Illinois appears to be withdrawing at more than the estimated “practical
safe yield” of the bedrock aquifer (46—65 million gallons per day (MGD)), a “policy” decision was
made not to include the deep aquifer as a source of supply. The tool assumes that new sources of
supply would mainly be shallow groundwater.

Audience Comment: For deep aquifer, recharge area is not local, so the “hydrologic footprint”
concept is not appropriate.

Audience Question: Can we use estimates of depth to water?

Answer: The Purdue team attempted to develop a method that would estimate recharge — and
therefore provide a theoretical calculation of recharge to compare against the Illinois State Water
Survey’s township-level empirical estimates — from depth to water values and other parameters.
The method would have been based on the rectangular profile based 1-D recharge calculation
from Morel Seytoux (1984). However, the team ultimately concluded that this method would not
be practicable, partly because the quality of available soil data precluded it.

Audience Question: Are the output numbers net figures? Does the tool recognize a change from another
land use type that already has a certain water demand?

Chicago Metropolitan Agency for Planning 21
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Answer: The tool does not assume any sequence of land use choices, only scenarios for the same
plot of land. To obtain net figures, import the results into Excel or use a calculator. We should
include a pop-up screen to clarify.

Audience Suggestion: Users could enter their county-specific data and save a profile. The tool
could then calculate net changes in water demand.

Response: While this could be a useful feature, we feel that it would complicate things
from the software development standpoint and that an explanatory note would suffice.

Team Question: Is “hydrologic footprint” meaningful as an indicator of sustainability?

Audience Question: If the tool shows that the hydrologic footprint is larger than the footprint of
the development, does the tool therefore predict a net draw down?

Answer: The tool cannot make that prediction because it is based on a township average.

Audience Question: This is relative to township average? Drawing more or less per unit
area? So it's a measure of intensity, compared to neighbors?

Answer: “Sustainability” here is defined as “total use per acre that is at or below the
township average water availability per acre.”

Audience Suggestion: Output should say “above/below/at average.” This would be
clearer and less presumptuous than “sustainability.”

Team Question: Is “water supply sustainability” too strong a term?

Answer: Suggest not using “sustainability” because it implies ecological sustainability and a host
of other issues.

Audience Comment: The availability of water also depends on neighboring towns — can't get

around that unless you use county density. Towns rarely take neighbors into account when
doing water supply planning.

Audience Comment: This doesn't account for impervious surfaces that change recharge rate.

Answer: We identified four different ways township average water availability could be

affected:>
1) impervious area reducing recharge;
2) detention basin leakage;
3) sewer leakage;
4) septic outflow.

The tool assumes that sewer leakage and detention basin leakage are negligible, as we typically

% see page 10 in handout: hydrologic footprint calculations
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have sewer inflow problems, not exfiltration problems, and detention basins generally are not
designed to infiltrate water.

Audience Suggestion: A possible next step would be low-impact development versus
conventional development.

Answer: The tool allows users to apply conservation measures: efficient
appliances, water efficient landscaping, gray water reuse, active conservation
measures, etc. Low-impact development would typically encompass infiltration
practices and water efficient landscaping, but the effect of infiltration practices is
unclear, so it was not included.

Audience Question: Could we get local data validation or calibration?

Answer: Could be done for a whole city as an aggregate, but not by land use. The best available
data would be from the IDNR Office of Water Resources’ Lake Michigan allocation program.
However, it will be difficult to contrast the typically older, closer-in areas served by Lake
Michigan. For instance, the L-THIA tool makes the assumption that new development will meet
the appliance requirements of the Energy Policy Act, whereas many areas served by Lake
Michigan do not.

Audience Comment: You could test the tool in a measurable, meterable area to build
confidence in the tool. Even a rudimentary evaluation — there is always variability —
would help the person using it to have a sense of what the model is saying.

Answer: We could look at data that IDNR-OWR has on total usage by
municipality. Then take their land use and plug it in and take a sample and see
how well it matches at the aggregate level. The difficulty of calibration/validation
is why we're referring to the L-THIA Water Supply Module as a tool rather than
a model, as we’re applying rules of thumb, much like those used at local
planning levels now.

Audience Comment: Simplicity is great. The simpler it is, the more
likely it is to be used.

Team Question: Could it have an educational value? Does the tool yield enough information to aid
decision-making?

Audience Response: Definitely. Outreach.

Audience Response: Gives a broader understand of water use. I would present it more as an
educational tool.

Audience Response: At a broad level — scenarios — it helps people understand the principles.
We have to come up with policy recommendations based on scenarios.

Team Question: Who would be the audience being educated?
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Audience Response: Community leaders and commission members who don't understand the
basics of water planning.

Team Question: The tool was originally something to be useful to village planners, relatively small
municipalities. Places that were expected to make increased groundwater withdrawals in the future. Is
this the kind of tool that would appeal to them? Can you see it improving their overall knowledge of
water supply?

Audience Response (County Planning Official): Could possibly by used by our office, smaller
municipalities without their own water supplies. Gives better indication of impacts to shallow
groundwater. But developments in different areas will have variable impacts.

Audience Comment: It's a broad-brushed tool based on averages. In counties that are mostly
rural/agricultural you could use it as an impact fee tool, e.g., trading development rights to
compensate for water impact, analogous to storm water impact fees.

Audience Comment: Lacks specificity to stand up as a rigorous tool. The numbers here are not
as defensible as they are for impervious surface.

Audience Comment: Tradeoff between standard development and conservation development.
Could be used as educational tool for developers. Could be used to show reductions achieved
with different technologies. For example, to balance out a development.

Audience Comment: As opposed to a regulatory tool, could you flip it and use it to incentivize,
as a bonus? Developers are always looking for density. Most developers understand that
language. Providing reward for that type of development style. A carrot instead of a stick.

Audience Comment: If you did that, then the tool would drive lower densities. That
increases problems for transportation and other issues.

Audience Comment: Depending on how you structured it, you could use it to
drive conservation.

Team Question: If you evaluate a very small development, it's within one township and gives you one
value. If it's a point within some municipality, that might cross four township boundaries. You take an
average of those townships. So it is problematic if you have a small development that takes the
properties of a much larger area. Is this defensible?

Audience Comment: This always comes back to how good the relationship is that you have in
this tool to help you understand the impacts of land use changes or conservation measures. If
those are not reliable and in the ballpark, it's of little help. I didn't hear about how all the
coefficients got developed — if you have some tool with some ability to evaluate various options
— don't try to combine too many variables at one time. All these guys are going to throw in
different land uses, different conservation measures — you lose the impact of the question: how
are we going to change future water use behaviors? You have to make sure that your coefficients
in this region have some validity for use. They don't have to be perfect, yet they have to have
some tieback to this region.
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Audience Comment: I have to go -- where I see this tool going is actually when the RWSPG,
moving ahead. Ialmost see this tool coming back... rather than pre-judging the outcome, it might
be good to lag a little, and then depending on the outcome (whether it's bonuses, purely
voluntary, etc.) structure it that way. Today, you have a zoning ordinance and a comprehensive
plan. We don't have a legal basis to say you can develop by right or with certain specifications,
but the subject of water doesn't come in. Are we going to have a comprehensive plan and not
have a water use element? What's your legal framework? Are people aware of all this? No.
Behind the work of the Committee — now, you could fit this into their collection of
recommendations and that would give you a nice entrée to roll the tool out. How are we going to
manage this by ordinance, by policy? Isuggest you lag behind instead of running ahead.

Audience Comment: I think the user should know the assumptions from the start. Let them
decide how it is best used. The way you present this and the outreach you do will make a
difference in how it’s used. Community leaders change all the time. When you send it out once,
it's presented once, people don't hear about it, new elected officials come in. So it needs to be
brought to the forefront on a regular basis.

Audience Comment: Considering the fact that the data are generalized, it might make sense to frame the
tool as showing what kind of impact the proposed development have on the larger area — a regional
sustainability indicator, not a local sustainability indicator.

Audience Comment (county planning official): I review individual site plans. I would want to
use the tool for individual site plans, to try to bring water use and impact closer to zero.

Team Response: The tool is built up out of individual land use decisions, and it's meant
to be a prescriptive development tool, but it's not reliable enough to give exact
gallons/day.

Audience Comment (same): I just care about the relative changes. I want to
show elected officials the relative impact of one decision versus another.

Reviewer Suggestions (Hunter College team)

e Tool should default to visual outputs — pie chart or bar graph — rather than tables
* Include option to export for printing
* Make behind-the-scenes arithmetic more transparent
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