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Presentation OutlinePresentation Outline
The Hydrologic CycleThe Hydrologic Cycle

Sources of natural flow in rivers and streamsSources of natural flow in rivers and streams
Surface Water Supply SourcesSurface Water Supply Sources

Statewide and East Central IllinoisStatewide and East Central Illinois
F t Aff ti S f W t A il bilitF t Aff ti S f W t A il bilitFactors Affecting Surface Water Availability Factors Affecting Surface Water Availability 

Climate variability & changeClimate variability & change
Water use (withdrawals and return flows)Water use (withdrawals and return flows)Water use (withdrawals and return flows)Water use (withdrawals and return flows)
Reservoirs, diversions, navigation works Reservoirs, diversions, navigation works 
Indirect impacts on baseflow (groundwater Indirect impacts on baseflow (groundwater 

i t ti )i t ti )interactions)interactions)
Instream Flow and Water SupplyInstream Flow and Water Supply



The Hydrologic Cycley g y
Climate, surface water, and groundwater are linked
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Groundwater to Surface Flow Diagram:Groundwater to Surface Flow Diagram:
Surface Water and Shallow GroundwaterSurface Water and Shallow GroundwaterSurface Water and Shallow Groundwater Surface Water and Shallow Groundwater 

are a Common Resourceare a Common Resource



Regional variations in surface runoff Regional variations in surface runoff 
and baseflowand baseflow

The amounts of baseflow in regionalThe amounts of baseflow in regionalThe amounts of baseflow in regional The amounts of baseflow in regional 
streams are directly related to the streams are directly related to the 
intersection of the stream with permeableintersection of the stream with permeableintersection of the stream with permeable intersection of the stream with permeable 
groundwater resources groundwater resources –– often these are often these are 
areas with sand depositsareas with sand deposits –– creating localcreating localareas with sand deposits areas with sand deposits creating local creating local 
and regional source areas of baseflowand regional source areas of baseflow

In eastIn east--central Illinois, some streams with central Illinois, some streams with 
the highest baseflow levels have a direct the highest baseflow levels have a direct 
interface with the Mahomet Aquiferinterface with the Mahomet Aquifer



Rock River     > 1000 cfs

Fox River      200 – 300 cfs

Sangamon River    30 – 50 cfs

Big Muddy River     1 – 10  cfs

5 l fl5-year low flows



Public Surface Public Surface 
Water SuppliesWater Supplies

Surface Water IntakesSurface Water Intakes
(public water supplies)(public water supplies)



Surface and Surface and 
GroundGround WaterWaterGroundGround--Water Water 

ResourcesResources
Surface Water Intakes
(public water supply)(public water supply)

Major sand/gravel 
aquifers

Bedrock aquifers 
(<500 feet deep)( p)



Surface water sources other than Lake MichiganSurface water sources other than Lake Michigan
Off-channel storage
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Major Surface Water Sources in East Central ILMajor Surface Water Sources in East Central IL



Community Surface Water Uses in East Community Surface Water Uses in East 
C l IL (2005 D /E i )C l IL (2005 D /E i )Central IL (2005 Data/Estimates)Central IL (2005 Data/Estimates)

Bloomington 11 5 mgdBloomington 11 5 mgdBloomington = 11.5 mgdBloomington = 11.5 mgd

Decatur = 38 mgd in 2005 (includes industries Decatur = 38 mgd in 2005 (includes industries 
th t ithd f L k D t )th t ithd f L k D t )that withdraw from Lake Decatur)that withdraw from Lake Decatur)

Springfield = 33.5 mgd (includes power plant Springfield = 33.5 mgd (includes power plant 
use)use)

Danville = 8.5 mgdDanville = 8.5 mgd

Total Use from Community Lakes = 91.5 mgdTotal Use from Community Lakes = 91.5 mgdTotal Use from Community Lakes  91.5 mgdTotal Use from Community Lakes  91.5 mgd



Trends in Surface Water UseTrends in Surface Water UseTrends in Surface Water Use Trends in Surface Water Use 
of the Region’s Communities, 1985of the Region’s Communities, 1985--20052005
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Comparison of Surface Water System Comparison of Surface Water System 
Use to Rough Yield EstimatesUse to Rough Yield Estimates

SPRINGFIELDSPRINGFIELDSPRINGFIELDSPRINGFIELD
SW Yield (50SW Yield (50--yr drought) = 30 mgdyr drought) = 30 mgd
Average PWS Use = 23 mgdAverage PWS Use = 23 mgd
Po e Plant Use 10 5 mgdPo e Plant Use 10 5 mgdPower Plant Use = 10.5 mgdPower Plant Use = 10.5 mgd

DECATURDECATUR
SW Yield (50SW Yield (50--yr drought) = 28yr drought) = 28--31 mgd31 mgdSW Yield (50SW Yield (50--yr drought) = 28yr drought) = 28--31 mgd31 mgd

(DeWitt well field effective yield = 7 mgd ??)(DeWitt well field effective yield = 7 mgd ??)
Average PWS Use = 24 mgdAverage PWS Use = 24 mgd
S lfS lf li d i d t 14 dli d i d t 14 dSelfSelf--supplied industry = 14 mgdsupplied industry = 14 mgd

BLOOMINGTONBLOOMINGTON
SW Yield (50SW Yield (50 yr drought) = 13 mgdyr drought) = 13 mgdSW Yield (50SW Yield (50--yr drought) = 13 mgdyr drought) = 13 mgd
Average PWS Use = 11.5 mgdAverage PWS Use = 11.5 mgd



Ongoing studies on SW system adequacy Ongoing studies on SW system adequacy 
l i t i ti i i ld ti tl i t i ti i i ld ti tanalyzing uncertainties in yield estimatesanalyzing uncertainties in yield estimates

Errors in estimating: Errors in estimating: 
Flows at stream gagesFlows at stream gages
Frequency of drought flowsFrequency of drought flows
Regional flow equations for ungaged locationsRegional flow equations for ungaged locations

3030--60% error depending on drought duration 60% error depending on drought duration 
and watershed sizeand watershed sizeand watershed sizeand watershed size

Reservoir volumeReservoir volume
% of yield coming from reservoir capacity = 60% of yield coming from reservoir capacity = 60--80 percent for 80 percent for 

reservoirs in the planning areareservoirs in the planning area
Overestimation biasOverestimation bias

Net evaporation over the drought durationNet evaporation over the drought durationp gp g
Typically accounts for 10Typically accounts for 10--15% loss in the yield15% loss in the yield



Not all water supply reservoirs are Not all water supply reservoirs are 
thth d ht l bilitd ht l bilitthe same the same -- drought vulnerability drought vulnerability 

varies by durationvaries by durationyy

Critical durations for reservoir yield Critical durations for reservoir yield –– a function of a function of 
watershed size capacity versus inflow ratio andwatershed size capacity versus inflow ratio andwatershed size, capacity versus inflow ratio, and watershed size, capacity versus inflow ratio, and 
differences in drought climatology across Illinoisdifferences in drought climatology across Illinois

8 h ( l8 h ( l b )b )Decatur = 7Decatur = 7--8 months (July 8 months (July –– February)February)
Danville = 7Danville = 7--8 months8 months
Springfield = 18 months (July Springfield = 18 months (July –– December)December)
Bloomington = 20 months (June Bloomington = 20 months (June –– January)January)
Otter Lake, Pana, and other lakes = 54 monthsOtter Lake, Pana, and other lakes = 54 months



For what drought frequency should For what drought frequency should 
SW l ?SW l ?SW systems plan?SW systems plan?

Illinois SW supplies have usually been considered Illinois SW supplies have usually been considered pp ypp y
adequate if they can provide water demand over a 40adequate if they can provide water demand over a 40--50 50 
year drought without shortagesyear drought without shortages
I Mi i th St t d l i f thI Mi i th St t d l i f thIn Missouri, the State recommends planning for the In Missouri, the State recommends planning for the 
drought of record (1953drought of record (1953--1956 drought)1956 drought)
In practical terms, the level of acceptable risk mayIn practical terms, the level of acceptable risk mayIn practical terms, the level of acceptable risk may In practical terms, the level of acceptable risk may 
depend on the expected impacts of shortages.  For very depend on the expected impacts of shortages.  For very 
small communities that can haul water, it may not be small communities that can haul water, it may not be 
economically justifiable to increase the size of theireconomically justifiable to increase the size of theireconomically justifiable to increase the size of their economically justifiable to increase the size of their 
supply for a drought that occurs only once in 50 yearssupply for a drought that occurs only once in 50 years
For large communities lacking a sizable emergency For large communities lacking a sizable emergency g g g yg g g y
source, shortage impacts could be extensive, it may be source, shortage impacts could be extensive, it may be 
advisable to plan for the most severe droughtsadvisable to plan for the most severe droughts



Factors affecting low flows and surface Factors affecting low flows and surface a o a g o o a d u aa o a g o o a d u a
water availability for the futurewater availability for the future

1.1. Climate variability & changeClimate variability & change
22 Water use (withdrawals and wastewaterWater use (withdrawals and wastewater2.2. Water use (withdrawals and wastewater Water use (withdrawals and wastewater 

effluents)effluents)
33 Reservoirs diversionsReservoirs diversions3.3. Reservoirs, diversionsReservoirs, diversions
4.4. Indirect impacts on baseflow (land use, Indirect impacts on baseflow (land use, 

( d t( d t f i t ti )f i t ti )(groundwater(groundwater--surface interactions)surface interactions)
5.5. Instream flow considerationsInstream flow considerations



1.  Effects of Climate Variability1.  Effects of Climate Variability
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Sangamon River at Monticello
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Climate Variability Impacts on Climate Variability Impacts on a a ab y pa oa a ab y pa o
Sangamon River StreamflowsSangamon River Streamflows

A 5% increase in average precipitation since 1970 hasA 5% increase in average precipitation since 1970 hasA 5% increase in average precipitation since 1970 has A 5% increase in average precipitation since 1970 has 
produced a 20% increase in average streamflow produced a 20% increase in average streamflow 
amount.  amount.  

There has been a decrease in the frequency and There has been a decrease in the frequency and 
duration of drought conditionsduration of drought conditions

Low and medium flows have generally increased;Low and medium flows have generally increased;Low and medium flows have generally increased; Low and medium flows have generally increased; 
however specific droughts (1988) have produced very however specific droughts (1988) have produced very 
low flows low flows 

The cause(s) of the observed increase in total The cause(s) of the observed increase in total 
precipitation are not known. However, observed trends precipitation are not known. However, observed trends 
exhibit considerable regional variability that likely arise  exhibit considerable regional variability that likely arise  
at least in part due to chance (natural variability).at least in part due to chance (natural variability).



Future Climate Change and Potential Future Climate Change and Potential u u a a g a d o au u a a g a d o a
Impacts on Water Resources?Impacts on Water Resources?

There is the expectation that averageThere is the expectation that averageThere is the expectation that average There is the expectation that average 
temperature will increase over the 21temperature will increase over the 21stst CenturyCentury

Future trends in precipitation resulting from Future trends in precipitation resulting from 
climate change, however, are uncertain.  The climate change, however, are uncertain.  The 
ISWS is examining SW impacts of potential ISWS is examining SW impacts of potential 
scenarios in which average annual precipitation scenarios in which average annual precipitation 
may either increase or decrease by up to 5may either increase or decrease by up to 5may either increase or decrease by up to 5 may either increase or decrease by up to 5 
inches.    inches.    



Climate Change ScenariosClimate Change Scenarios

Scenarios
PresentPresent
Wet
Intermediate
DryDry



Hydrologic modeling for simulation of climate Hydrologic modeling for simulation of climate 
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2. Effects of water use on streamflow2. Effects of water use on streamflow2.  Effects of water use on streamflow2.  Effects of water use on streamflow
(withdrawals and wastewater discharges)(withdrawals and wastewater discharges)
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3. Effects of Reservoirs on 3. Effects of Reservoirs on 
D t FlD t FlDownstream FlowsDownstream Flows
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4 I di t i t b fl4 I di t i t b fl4.  Indirect impacts on baseflows4.  Indirect impacts on baseflows

Potential changes in baseflows caused by Potential changes in baseflows caused by 
urbanization or other land use factors urbanization or other land use factors ––
conceptual basis but Illinois examples showconceptual basis but Illinois examples showconceptual basis, but Illinois examples show conceptual basis, but Illinois examples show 
little if any changelittle if any change

Reduction in low flows caused by pumping from Reduction in low flows caused by pumping from 
nearby shallow aquifers nearby shallow aquifers –– As the regional use of As the regional use of 
groundwater increases, there is a potential for groundwater increases, there is a potential for 
low flows to be impacted by GWlow flows to be impacted by GW--SW interactions SW interactions 
in certain locationsin certain locationsin certain locationsin certain locations



Surface Water Accounting Models Surface Water Accounting Models 
for Water Supply Planningfor Water Supply Planning

To account for streamflow frequency and existingTo account for streamflow frequency and existingTo account for streamflow frequency and existing To account for streamflow frequency and existing 
and potential flow additions/subtractions caused and potential flow additions/subtractions caused 
by human factorsby human factors
Provides the ability to examine the impacts of Provides the ability to examine the impacts of 
future water use scenarios on streamflows on any future water use scenarios on streamflows on any 
location (gaged or ungaged) in a watershed.location (gaged or ungaged) in a watershed.location (gaged or ungaged) in a watershed. location (gaged or ungaged) in a watershed. 
Future applications might include additional Future applications might include additional 
impacts from streamimpacts from stream––groundwater interactions as groundwater interactions as 
th b b tt d t dth b b tt d t dthey become better understood.  they become better understood.  
The accounting model will become available for The accounting model will become available for 
the Sangamon and Mackinaw watersheds by thethe Sangamon and Mackinaw watersheds by thethe Sangamon and Mackinaw watersheds by the the Sangamon and Mackinaw watersheds by the 
end of the yearend of the year



Sources of low flow in regional streamsSources of low flow in regional streamsgg
(10(10--year low flows in million gallons per day)year low flows in million gallons per day)

Baseflow Wastewater Withdrawals/
reservoirs

Sangamon Riverg
Springfield 10 +40 -5 net

Salt Creek
Lincoln
downstream

15
40

+  1
+12

+3
+3

S C k 3 +10 0Sugar Creek 3 +10 0

Mackinaw River
upstream
downstream

<1
15

0
+2

0
0



Water Supply and Water Supply and 
I t Fl N dI t Fl N dInstream Flow NeedsInstream Flow Needs

Aquatic habitat / biological healthAquatic habitat / biological healthAquatic habitat / biological healthAquatic habitat / biological health
Assimilation of waste watersAssimilation of waste waters
Recreation/AestheticsRecreation/AestheticsRecreation/AestheticsRecreation/Aesthetics
Navigation (larger rivers)Navigation (larger rivers)

Note that there can be conflicts betweenNote that there can be conflicts betweenNote that there can be conflicts between Note that there can be conflicts between 
different uses of instream flowdifferent uses of instream flow



Protecting instream flowsProtecting instream flowsProtecting instream flowsProtecting instream flows
Streamflow is usually abundant and its use for waterStreamflow is usually abundant and its use for water
supply is not a concern in most years.  But during low supply is not a concern in most years.  But during low 
fl i t fl b i it ifl i t fl b i it iflows, instream flow uses become a priority issue.flows, instream flow uses become a priority issue.
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P t t d fl l lP t t d fl l lProtected flow levelProtected flow level

I 1984 IDNR d t d th f thI 1984 IDNR d t d th f thIn 1984 IDNR adopted the use of the     In 1984 IDNR adopted the use of the     
77--day 10day 10--year low flow (Q7,10) as a year low flow (Q7,10) as a 

t t d fl l l f P bli W t ft t d fl l l f P bli W t fprotected flow level for Public Waters of protected flow level for Public Waters of 
the State.  the State.  
The Q7,10 protected flow is considered an The Q7,10 protected flow is considered an 
interim surrogate value where there is interim surrogate value where there is 
insufficient information to define instream insufficient information to define instream 
flow needs.  flow needs.  



Public Bodies of 
Water in Illinois

The State’s authority to 
t t l flprotect low flows 

extends only to these 
rivers 



How do instream flow considerations affect How do instream flow considerations affect 
l ll lwater supply plans?water supply plans?

Having a minimum instream flow essentially Having a minimum instream flow essentially 
i lt ti f l d ii lt ti f l d irequires an alternative source of supply during requires an alternative source of supply during 

low flow periods in droughtlow flow periods in drought
OffOff--channel storage is the most practicalchannel storage is the most practicalOffOff--channel storage is the most practical channel storage is the most practical 
alternative sourcealternative source
Return flows of a similar quantity immediately Return flows of a similar quantity immediately q y yq y y
downstream of a new withdrawal could downstream of a new withdrawal could 
potentially be considered as “no net reduction”  potentially be considered as “no net reduction”  

* Having communities be fully prepared for severe * Having communities be fully prepared for severe 
droughts would reduce the chance that streams droughts would reduce the chance that streams 

ld b h l f lld b h l f lwould be the supply source of last resortwould be the supply source of last resort



Thank you!

Look for more information and updates:
htt // i d /http://www.sws.uiuc.edu/wsp

E-mail me with questions:
k @ i dvknapp@uiuc.edu


