Unit 4
In this unit, you will examine one river in detail to identify how floods can impact nearby communities. Floods are not the only ways in which rivers affect human societies, but they are a frequent and costly disruption to life on a river. You will then examine a river near you and compare what you have learned. 
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Opening Thought
In 1993, the Midwestern United States experienced abnormally high levels of precipitation, which translated into the “Great Flood of 1993.” The top two photos show the extent of the flooding near St. Louis, Missouri, and the bottom photo shows one home that was caught in this flood. After examining these photos, answer these questions: 1) Do you think the owner could have predicted that this home would be in a flood? 2) How could this homeowner have protected his/her house? 3) If this were your home, would you stay or evacuate? 




Landsat images of the St. Louis region before and during the Great Flood of 1993. 
NASA Earth Observatory, 1993. Image by Jesse Allen


[image: http://bloximages.newyork1.vip.townnews.com/stltoday.com/content/tncms/assets/v3/editorial/c/7f/c7ff80ad-32b9-5a90-9626-0a6f932e990b/51f1b9b49ec7f.preview-620.jpg]





Home near St. Louis, Missouri, during the Great Flood of 1993.
St. Louis Dispatch, 1993. Photograph by Sam Leone









Q. How does a river system impact human societies living along it? 

Initial Ideas

Where does the water come from when a river floods?




What is meant by the phrase, “a 100-year flood”? How often would one occur?





Brainstorm a list of ways that a river can impact a home or city.




Group
Discussion


Compare your answers with someone else. What answers were similar? Different? Be prepared to discuss with the rest of the class.  









Background
In 1993, cities along the Mississippi and Missouri Rivers experienced record flooding due to a wet spring combined with a persistent rain. Des Moines, Iowa, is located between those two rivers and was without power for several days. This flood displaced tens of thousands of people, destroyed hundreds of homes, and affected an area 1,200 km long and 700 km wide. It was also one of the largest and costliest floods in US history. Scientists who study streams called it a “500-year flood.” These links describe the floods and show some photos from the event: 
http://en.wikipedia.org/wiki/Great_Mississippi_and_Missouri_Rivers_Flood_of_1993 
http://www.youtube.com/watch?v=hNya2hAGER0   The Weather Channel on YouTube
http://www.youtube.com/watch?v=G_DE2x1U7AA – Images of the 1993 Flood

In 2008, many parts of the Midwest were again under water. In Cedar Rapids, Iowa, over 5,200 homes were flooded. See these links for a description of the flood as well as some photos of the floodwaters:
http://en.wikipedia.org/wiki/Iowa_flood_of_2008 
http://www.boston.com/bigpicture/2008/06/mississippi_floodwaters_in_iow.html 
Scientists calculated the size of the 2008 flood and determined that it was also a “500-year flood.” This meant that Iowa had experienced two “500-year” floods in just 15 years! In this activity, you will explore why rivers flood and how they affect the people who live along their banks. You will also learn how floods are rated and how scientists calculate a 500-year flood. Finally, you will investigate flooding for a city in your area.

Collecting and Interpreting Evidence
Part 1 – Annual Changes in River Level
For any given location, a river’s “flood stage” refers to the height of the water’s surface when it first begins to inundate areas that are not normally covered by water. It also relates to a specific discharge of water passing that location (volume of water in the stream, measured in cubic meters per second, m3/s). So once a river reaches a designated height (and discharge), the river is said to be experiencing a flood. 

Streams of all sizes experience floods. For this activity we will use the city of Cedar Falls, Iowa, as a case study for flooding. Cedar Falls is a city of approximately 35,000 people located along the banks of the Cedar River. It has experienced numerous floods since its founding in 1845. 

The United States Geological Survey (USGS) maintains a gauging station at Cedar Falls to measure the height of the Cedar River and reports the data on an hourly basis. When the Cedar River is at flood stage at this location, it has a discharge equal to 660 m3/s. To visualize that much water, imagine a box filled with water that is one meter long, one meter wide, and one meter tall. Now imagine a stack of 660 boxes flowing past you every second. That is how much water is in the Cedar River when it begins to flood.



The graph below shows the daily discharge of the Cedar River for all of 2007. Every year, the discharge for the river is slightly different, but 2007 was a typical year for this river system. (Remember that the height of the water is related to discharge, so when discharge rises, the river level also rises.) Study this graph and answer these questions: 
1-1. Pretend you own a house near the river. Describe how the discharge changed over the course of the year.





1-2. What causes the spikes in the discharge?




























Discuss your answers with someone and summarize what happens to the discharge of the Cedar River over the course of a year. Explain what caused the sudden increases (spikes) in river discharge. Be prepared to discuss with the rest of the class.Group
Discussion







Part 2 – Connection with the Hydrological Cycle

On the next page are two graphs comparing the discharge of the Cedar River with the daily precipitation. The first graph shows the entire year and the second graph zooms in on April and May of that year. Study these graphs and answer these questions on your own:

2-1. Describe the connection between precipitation and river discharge. What might cause this relationship?





2-2. Were there any times when precipitation and river discharge were not related? Can you think of a reason why this might occur?





Group
Discussion


Discuss what happens to the river’s discharge after a rain event. Why is the highest discharge not on the same day as the largest rain event? Be prepared to share your ideas with the class.










































Data for both graphs obtained from the USGS gauge station at Waterloo, Iowa, and downloaded from waterdata.usgs.gov/nwis/inventory?agency_code=USGS&site_no=05464000 

2-3. The graph below shows a hypothetical rain event and the discharge for the Cedar River. The line showing discharge is shown through May 10. Draw in a likely discharge graph for the rest of the month and explain why you chose that shape.





Group
Discussion


Discuss within your group what the discharge for the river will look like and why it has that shape. Be prepared to share with the class.




Part 3 – Yearly Variation

As mentioned above, the graph of each year’s discharge data is unique, yet general patterns and trends emerge when you compare data from different years. The next page has graphs from the years 1977, 1983, 1997, and 2010. Analyze the graphs and answer the following question. (If you have fewer than four people in your group, you can analyze one of the graphs as a group.) 

4-1. For each graph, infer the relative amount of rainfall for each year in Cedar Falls and describe your observations that support your conclusion. 
1977 


1983


1997


2010




Group
Discussion


Discuss any similarities and differences that you see between the four years and any connections that you made with precipitation. Be prepared to share your explanations with the class.
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Part 4 – Predicting Future Floods

It would be nice if people living along a river had a crystal ball and could predict the maximum discharge for the coming year. Unfortunately, we cannot predict the future and cannot travel into the future to see when the next big flood will occur. Instead, all we can do is use the data from past floods to calculate the probability that a flood of a given size will occur. Small floods happen almost every year, but the really big floods rarely happen. These are the ones that people are most concerned about.

Scientists have defined the term “a 100-year flood” to mean a flood of that has a 1% probability of occurring in any given year. The term “100-year flood” does NOT mean that a flood of that size occurs only once in a hundred years, just that the probability of a flood that size is very low. In fact, there is a 26% probability that a 100-year flood will occur at least once during a 30-year time period.

The USGS and other organizations monitor the discharge (volume of water in the stream) at gauging stations along many rivers and creeks and use it to determine the frequency of flooding along the stream. Estimates of flood frequency are more accurate with a long record (many years) of discharge records. The flood frequency is typically expressed as a recurrence interval. This is the average number of years expected between floods of a given magnitude, and it is calculated by listing all of the floods that have ever occurred and ranking them from the largest to the smallest.

The USGS has continuously monitored the Cedar River near Cedar Falls, Iowa, since 1941. The following table lists the largest discharges for 27 of the 73 years. The Great Flood of 2008 is not listed; we will get to that one a bit later. Some of the smaller floods are also not listed so the graph will be easier to read, but a truly accurate recurrence interval would use all 73 values. You need to complete the table by calculating the recurrence interval for five of the floods. The equation for recurrence interval is . . .
Recurrence Interval = (n+1)/Rank
Where n = the number of years on record (in this case 72)* and Rank = the position within that list.
	Rank
	Date
	Discharge (m3/s)
	Recurrence Interval

	1
	Mar 29, 1961
	2171.9
	73.0

	2
	Apr 8, 1965
	1968.0
	

	3
	Jul 23, 1999
	1962.4
	24.3

	4
	Apr 2, 1993
	1928.4
	18.3

	5
	Jun 29, 1969
	1659.4
	14.6

	6
	May 25, 2004
	1656.5
	

	7
	May 31, 2013
	1622.6
	10.4

	8
	Apr 9, 1951
	1597.1
	9.1

	9
	Jun 13, 1947
	1574.4
	8.1

	10
	Mar 17, 1945
	1509.3
	7.3

	11
	Mar 31, 1962
	1449.8
	6.6

	12
	Mar 5, 2010
	1413.0
	6.1

	13
	Jun 23, 1954
	1398.9
	


	Rank
	Date
	Discharge (m3/s)
	Recurrence Interval

	14
	May 21, 1991
	1364.9
	5.2

	15
	Mar 31, 1960
	1362.0
	4.9

	16
	Jul 30, 1990
	1333.7
	4.6

	17
	Apr 15, 2001
	1296.9
	4.3

	18
	Mar 8, 1950
	1087.4
	4.1

	19
	Mar 1, 1948
	1081.7
	3.8

	20
	Apr 18, 1973
	1056.2
	

	25
	Aug 25, 1979
	920.3
	2.9

	30
	Jun 17, 1944
	747.6
	2.4

	35
	Mar 28, 1959
	699.4
	2.1

	40
	Jun 30, 1998
	659.8
	

	50
	Mar 28, 1943
	501.2
	1.5

	60
	Mar 5, 1985
	294.5
	1.2

	70
	Jul 17, 1958
	122.3
	


* For now we are not including 2008 in the calculations, so even though there are records from 73 years, use    n = 72 when calculating the recurrence interval. 


4-1. [bookmark: _GoBack]Complete the table by calculating the recurrence intervals for six of the floods where the recurrence interval field is empty.
4-2.  Once you have calculated the recurrence intervals, you need to plot your answers on the flood frequency graph shown below. The vertical lines are not evenly spaced because they are plotted on a logarithm scale rather than a linear scale. Plot the points just like you would on a normal-looking graph except that the lines are not evenly spaced. 
4-3. After you have the six points plotted, use a ruler or straight edge to draw a single straight line that passes through the values that have recurrence intervals of 4 years or greater and extend this line to the right-hand edge of the graph. It is OK if the line does not pass through all of the points. It represents the “best fit” of the data. This line shows the average discharge for any given recurrence interval. 

By extending the line to the right, you can predict the discharge for extremely large floods that have never occurred. 

4-4. Based on your graph, what would be the discharge of a 200-year flood? A 300-year flood? Explain below how you arrived at those answers. 

200-year flood = ________________ m3/s

300-year flood = ________________ m3/s





The recurrence intervals can also be thought of as the probability of a flood of that size occurring in any given year. The table below shows how recurrence intervals and the probabilities are related.

4-5. The probability (P) for any given recurrence interval (RI) is P =100 ÷ the RI. The table on the right compares recurrence intervals to the probability of that flood occurring. Calculate the missing probabilities. 

	Recurrence Interval (years)
	Probability of That Flood Occurring in Any Given Year

	1
	100%

	2
	50%

	5
	

	10
	10%

	50
	

	100
	1%

	500
	




4-6. On June 11, 2008, the Cedar River had a record discharge of 3171 m3/s. Use the graph on the previous page to estimate the recurrence interval for that flood and determine the probability that a flood of that size could happen again. Explain below how you arrived at those answers.

Recurrence Interval = ________________ 	Probability = ________________






4-7. Based on the discharge data you have observed, do you think a flood with a recurrence interval of 1 year has a 100% probability of occurring? Explain why or why not.






4-8. In 2010, a river near you experienced a 500-year flood. Two students are discussing what that term means and whether it is safe to live near the river. Peter says that it is safe to live close to the river but not right on the river because the term 500-year flood means that a flood of that size only comes around once every 500 years. That means that a flood of this size will not happen again until sometime around the year 2500 (500 years from now). Lindsey says that it is not a good idea to live near the river in a place that was flooded in 2008. She claims the term 500-year flood refers to the chances that a flood of that size will happen this summer, and because that chance is not zero, it is possible that the area will experience another 500-year flood next year. Who do you think is right? Explain why.








Part 5 – Consequences of Living on a Floodplain

The Federal Emergency Management Agency (FEMA) publishes maps that define the 100-year and 500-year floodplains. These maps are based on discharge and reoccurrence interval data for a given section of a river and show what parts of a community would be inundated during these flood events. People who live within a floodplain are required to obtain supplemental flood insurance to cover the costs incurred in a flood because the standard insurance for a building does not cover damage from floods. In some cases, an area that is originally designated as being within a floodplain can be removed if the owners of the property can add enough fill material to raise the property above the potential flood waters. In addition, cites can construct levees or floodwalls to protect a low-lying area. As with any map, the FEMA maps are not 100% accurate, and as better data become available, new studies are sometimes undertaken to correct those errors. In some cases, this means that an area that was once listed as being within a floodplain might be listed as being outside of the floodplain. 

Cities such as Cedar Falls use these flood maps to regulate construction within the floodplain and often enact laws that are more restrictive than those required by FEMA. The map on the next page shows the current floodplain map for Cedar Falls, Iowa, showing the location of the 500-year floodplain. After the Great Flood of 2008, the area north of the river experienced widespread flooding in part because the land is flatter on that side of the river and because the southern bank is protected by a levee. Profile A shows what the ground looks like on both sides of the river and illustrates how one side is steep but the other side is flat. Normally, the river is at an elevation of 260 m, but the flood of 2008 saw floodwaters as high as 265 m. The city council has since decided to use the 500-year floodplain as its legal definition of a floodplain rather than the 100-year floodplain. The map on the next page shows the location of the floodplain and Profile A.

Take a moment and compare the profile to the map. Then answer the following questions.

5-1. Location X is out of the floodplain yet surrounded by floodplain. Explain why this is the case.





5-2. Location Y is at an elevation of 280 m — well above the 265 m level for the floodplain, yet it is clearly marked as being within the 500-year floodplain. Why might an area away from the river be included in the floodplain? How might this impact someone who wishes to live away from the river in order to avoid floods? 
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Profile A - Across the Cedar River at Cedar Falls, Iowa
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2007 Discharge and Precipitation Data
Discharge	39083	39084	39085	39086	39087	39088	39089	39090	39091	39092	39093	39094	39095	39096	39097	39098	39099	39100	39101	39102	39103	39104	39105	39106	39107	39108	39109	39110	39111	39112	39113	39114	39115	39116	39117	39118	39119	39120	39121	39122	39123	39124	39125	39126	39127	39128	39129	39130	39131	39132	39133	39134	39135	39136	39137	39138	39139	39140	39141	39142	39143	39144	39145	39146	39147	39148	39149	39150	39151	39152	39153	39154	39155	39156	39157	39158	39159	39160	39161	39162	39163	39164	39165	39166	39167	39168	39169	39170	39171	39172	39173	39174	39175	39176	39177	39178	39179	39180	39181	39182	39183	39184	39185	39186	39187	39188	39189	39190	39191	39192	39193	39194	39195	39196	39197	39198	39199	39200	39201	39202	39203	39204	39205	39206	39207	39208	39209	39210	39211	39212	39213	39214	39215	39216	39217	39218	39219	39220	39221	39222	39223	39224	39225	39226	39227	39228	39229	39230	39231	39232	39233	39234	39235	39236	39237	39238	39239	39240	39241	39242	39243	39244	39245	39246	39247	39248	39249	39250	39251	39252	39253	39254	39255	39256	39257	39258	39259	39260	39261	39262	39263	39264	39265	39266	39267	39268	39269	39270	39271	39272	39273	39274	39275	39276	39277	39278	39279	39280	39281	39282	39283	39284	39285	39286	39287	39288	39289	39290	39291	39292	39293	39294	39295	39296	39297	39298	39299	39300	39301	39302	39303	39304	39305	39306	39307	39308	39309	39310	39311	39312	39313	39314	39315	39316	39317	39318	39319	39320	39321	39322	39323	39324	39325	39326	39327	39328	39329	39330	39331	39332	39333	39334	39335	39336	39337	39338	39339	39340	39341	39342	39343	39344	39345	39346	39347	39348	39349	39350	39351	39352	39353	39354	39355	39356	39357	39358	39359	39360	39361	39362	39363	39364	39365	39366	39367	39368	39369	39370	39371	39372	39373	39374	39375	39376	39377	39378	39379	39380	39381	39382	39383	39384	39385	39386	39387	39388	39389	39390	39391	39392	39393	39394	39395	39396	39397	39398	39399	39400	39401	39402	39403	39404	39405	39406	39407	39408	39409	39410	39411	39412	39413	39414	39415	39416	39417	39418	39419	39420	39421	39422	39423	39424	39425	39426	39427	39428	39429	39430	39431	39432	39433	39434	39435	39436	39437	39438	39439	39440	39441	39442	39443	39444	39445	39446	39447	120.62976651599971	173.01593272599999	213.22585489799999	215.20803416000001	195.10307307400001	184.05950290000001	172.1664273280004	163.1050364160003	154.893150902	140.16839067000001	133.37234748600079	127.142641234	105.62183781799951	86.932719062000004	77.30499121799977	53.518840074000003	49.554481549999878	53.802008540000003	56.350524733999997	60.031714792000002	61.447557121999999	63.429736384000108	66.261421044000215	66.261421044000215	64.562410248000006	65.695084111999648	64.8455787139996	61.447557121999999	62.297062520000011	62.013894053999891	60.881220189999937	59.182209394000012	57.766367064000001	55.217850869999999	52.952503142000012	50.120818482000011	52.386166209999999	49.554481549999878	51.536660812000001	48.704976152	48.421807685999987	49.554481549999878	51.253492346000108	52.386166209999999	51.253492346000108	48.988144618	45.5901230260001	47.005965356000011	48.704976152	49.271313084000013	50.687155414000003	51.819829277999901	50.403986948000011	51.819829277999901	53.802008540000003	50.120818482000011	56.350524733999997	58.049535530000099	56.350524733999997	60.031714792000002	60.314883257999817	58.049535530000099	55.501019336000013	54.934682403999901	53.235671608000011	53.235671608000011	55.784187801999998	59.748546326000131	69.942611102000001	102.223816226	161.97236255200039	263.34667338000008	447.40617627999848	538.02008539999997	523.86166209999692	526.69334676000256	518.19829278000009	492.71313083999922	470.05965356000002	467.22796890000001	481.38639219999999	512.53492345999996	552.17850870000052	552.17850870000052	498.37650015999998	455.90123025999878	419.08932967999999	370.95069045999998	334.13878987999999	322.81205124000002	376.61405977999999	458.73291491999879	555.01019336000002	603.14883258000054	608.81220189999692	540.85177006000004	458.73291491999879	382.27742910000001	331.30710521999993	294.49520463999988	275.80608588400008	270.70905349599963	267.027863438	274.9565804859991	282.60212906799921	288.83183531999993	288.83183531999993	280.33678134000002	264.19617877799823	244.65755462399969	227.101109732	214.07536029600001	205.863474782	210.11100177200001	270.99222196199878	390.77248308000031	492.71313083999922	504.03986947999999	444.57449162000103	373.78237511999993	322.81205124000002	282.88529753400002	254.85161940000049	234.746658314	218.88922421800001	214.07536029600001	225.9684358680004	239.843690702	243.80804922600001	235.59616371199999	223.13675120799999	208.12882251000039	191.98821994800079	183.77633443400001	166.50305800800001	168.76840573600001	161.68919408599999	155.45948783399999	151.49512931000049	145.83175998999999	141.30106453400001	137.05353754399999	138.18621140800039	157.441667096	209.5446648399996	268.16053730199963	305.82194328000003	300.15857395999922	272.1248958260008	246.073396954	243.2417122939996	267.59420037000001	282.88529753400002	305.82194328000003	325.64373590000002	305.82194328000003	265.61202110800002	234.746658314	214.641697228	195.66941000599999	172.44959579399941	150.07928698000001	137.3367060100004	128.558483564	119.49709265200001	112.70104946800031	109.01985941	102.506984692	98.542626167999998	95.710941508000005	111.28520713799971	114.4000602640002	134.22185288399999	164.23771027999999	186.32485062800001	222.004077344	201.89911625800039	166.219889542	145.54859152399999	129.974325894	123.461451176	115.81590259399999	108.7366909440002	101.091142362	93.162425313999677	86.083213664000326	81.835686674000002	77.30499121799977	72.491127296000215	69.376274169999988	63.712904850000001	61.164388656	60.031714792000002	56.350524733999997	53.235671608000011	51.253492346000108	50.970323880000002	56.633693200000003	58.049535530000099	65.695084111999648	72.774295762000023	69.376274169999988	59.748546326000131	65.978252577999697	62.297062520000011	60.598051724000108	54.085177006000002	54.6515139380001	57.483198598000001	58.899040928000012	53.802008540000003	49.837650015999998	46.439628423999999	42.192101434000108	40.776259104000012	45.306954559999987	48.421807685999987	62.863399452000003	81.835686674000002	111.85154407	119.2139241860002	94.295099178000001	71.641621897999983	61.164388656	52.952503142000012	48.704976152	47.572302288000131	48.138639220000108	47.572302288000131	58.332703996000063	85.516876731999858	197.93475773399999	342.63384386000001	515.36660811999718	611.64388656000256	668.27757976000055	659.78252578000001	574.8319859799999	461.56459957999999	353.96058249999999	288.83183531999993	263.91301031199879	242.10903843	226.5347727999995	205.863474782	186.04168216199989	165.65355260999959	156.30899323200001	146.96443385400039	147.24760232	141.58423300000001	152.344634708	176.98029125000039	180.66148130800039	172.44959579399941	159.707014824	150.07928698000001	142.433738398	134.7881898160004	129.974325894	126.5763043019998	125.4436304380002	123.17828270999971	124.0277881079996	127.992146632	127.992146632	124.310956574	122.3287773119994	119.2139241860002	129.974325894	154.04364550400001	160.55652022199999	155.7426562999996	155.45948783399999	158.29117249399999	214.92486569399989	286.00015065999997	317.14868192000102	302.99025861999922	273.82390662199958	253.15260860399999	302.99025861999922	387.94079841999923	393.60416773999998	348.29721318000003	300.15857395999922	271.55855889399999	271.55855889399999	297.3268893	319.9803665799991	328.47542055999998	331.30710521999993	351.12889783999998	362.4556364799991	356.79226715999999	331.30710521999993	300.15857395999922	269.29321116599891	250.60409240999999	233.89715291600001	217.75655035400001	205.5803063160007	197.65158926800001	183.493165968	174.99811198800049	169.9010796	163.38820488200079	156.87533016399999	151.49512931000049	146.68126538800001	141.017896068	136.204032146	132.52284208800049	129.691157428	126.293135836	123.17828270999971	118.93075571999999	116.09907106	112.417881002	108.7366909440002	107.3208486139996	103.6396585559998	99.392131565999989	95.427773041999998	93.445593779999996	89.481235256000005	85.800045197999665	79.570338945999666	77.30499121799977	75.889148888000008	73.340632694000007	80.136675877999664	58.049535530000099	54.934682403999901	50.687155414000003	43.891112230000168	35.679226716000002	43.607943763999998	48.421807685999987	47.005965356000011	50.403986948000011	49.554481549999878	46.439628423999999	46.722796890000161	48.138639220000108	49.837650015999998	53.235671608000011	52.102997744000099	48.421807685999987	46.156459957999999	43.041606831999999	43.891112230000168	45.023786094000002	45.023786094000002	46.156459957999999	44.174280695999997	36.2455636480001	33.413878988	39.360416774000001	41.059427569999869	43.607943763999998	41.625764502000003	40.493090638000012	38.227742910000131	36.2455636480001	Precipitation	0	0	0	0	2.5399999999999999E-2	0	0	0	2.5399999999999999E-2	0	2.5399999999999999E-2	2.5399999999999999E-2	0.15240000000000001	0.60960000000000203	0.20319999999999999	0	2.5399999999999999E-2	2.5399999999999999E-2	0	0	0.78739999999999999	0	0	2.5399999999999999E-2	0	0	0	0	2.5399999999999999E-2	0	2.5399999999999999E-2	2.5399999999999999E-2	2.5399999999999999E-2	2.5399999999999999E-2	0	0	0.4572	0	0	0	0	0.1016	2.5399999999999999E-2	2.5399999999999999E-2	0	0	7.6200000000000004E-2	2.5399999999999999E-2	0	0	0	0	0	0.43180000000000102	1.4477999999999951	0.58420000000000005	2.5399999999999999E-2	2.5399999999999999E-2	2.5399999999999999E-2	1.117599999999997	2.5399999999999999E-2	2.5399999999999999E-2	0	0	0	0	0	0.33019999999999999	0	0	0	0	5.0799999999999998E-2	0	0	0	2.5399999999999999E-2	0	2.5399999999999999E-2	0.35560000000000003	0	0	0.127	0	0	2.5399999999999999E-2	0.17780000000000001	0	0.68580000000000096	1.1938	0.2286	0.99060000000000004	2.286	2.5399999999999999E-2	0	0	0	0	0	0.58420000000000005	0.4572	2.5399999999999999E-2	0	0	0	0	0	0	0	0	0	1.244599999999997	2.5399999999999999E-2	3.6322000000000001	1.3462000000000001	2.5399999999999999E-2	0	0	0	0	0	0	2.5399999999999999E-2	0.40639999999999998	0	2.0573999999999999	0.4572	0	0	0	0	0	0	0.30480000000000101	0.40639999999999998	0	0	0	0	0	0	2.5399999999999999E-2	3.9115999999999982	1.1938	0	0.27939999999999998	0	0	2.5399999999999999E-2	2.4384000000000001	0.40639999999999998	1.7271999999999961	2.5399999999999999E-2	1.295399999999997	0.73660000000000003	0	0.81280000000000097	0	0	0	0	0	0	0	0	0	1.0668	0	1.117599999999997	0	0	2.9971999999999999	3.2258	0	0	0	0	0	0	0	0	0	0	0	0	2.5399999999999999E-2	0	0	0	0.1016	0	0	0	0	0	0	3.5051999999999999	1.0922000000000001	2.9717999999999991	2.5399999999999999E-2	0	0	2.0573999999999999	0.93980000000000097	0	0	0.96520000000000095	0.15240000000000001	0	0	0	0	0	2.5399999999999999E-2	0	2.286	2.5399999999999999E-2	2.7432000000000012	0.2286	7.6200000000000004E-2	7.6200000000000004E-2	0	0	0	0	2.5399999999999999E-2	0.96520000000000095	0	2.5399999999999999E-2	2.8955999999999982	6.9850000000000003	3.1749999999999998	1.244599999999997	1.422399999999997	0.20319999999999999	3.048	0	0	0.254	0.55880000000000096	5.0799999999999998E-2	0	0	0	0	0	0	0	0.91439999999999999	2.1335999999999999	0	0	1.2191999999999961	0	0	2.5399999999999999E-2	0	0	0	0	1.0668	0	0	0.96520000000000095	0	0	0	2.5399999999999999E-2	0	0	0	2.5399999999999999E-2	4.2926000000000002	2.5399999999999999E-2	2.8701999999999992	0	0	2.5399999999999999E-2	0	1.5748	1.3208	0	0	0	0	2.5399999999999999E-2	1.905	0.127	2.5399999999999999E-2	1.143	0.50800000000000001	2.5399999999999999E-2	0	0	2.5399999999999999E-2	0	0	0	2.5399999999999999E-2	2.5399999999999999E-2	0	0	0	0	0	0	0	0	0	0	0	2.5399999999999999E-2	0	0	0	0	0	2.5399999999999999E-2	0	0	0	0.127	0	0.17780000000000001	2.5399999999999999E-2	2.5399999999999999E-2	2.5399999999999999E-2	0	0	0	0	0	0	0	3.0226000000000002	0.1016	0	7.6200000000000004E-2	2.5399999999999999E-2	0.40639999999999998	2.5399999999999999E-2	0.40639999999999998	2.5399999999999999E-2	0	0.91439999999999999	0	0	0	2.5399999999999999E-2	2.5399999999999999E-2	0	0	0	0	0	0.4572	2.5399999999999999E-2	0	0	2.5399999999999999E-2	0	0.254	0	0	2.5399999999999999E-2	Daily Discharge (m3/s)
Precipitation (cm)
Spring 2007 Data
Precipitation	0	0	0	0	1.244599999999999	2.5399999999999999E-2	3.6322000000000001	1.3462000000000001	2.5399999999999999E-2	0	0	0	0	0	0	2.5399999999999999E-2	0.40639999999999998	0	2.0573999999999999	0.4572	0	0	0	0	0	0	0.30480000000000002	0.40639999999999998	0	0	0	0	0	0	Discharge	39190	39191	39192	39193	39194	39195	39196	39197	39198	39199	39200	39201	39202	39203	39204	39205	39206	39207	39208	39209	39210	39211	39212	39213	39214	39215	39216	39217	39218	39219	39220	39221	39222	39223	280.33678134000002	264.19617877799908	244.6575546239998	227.101109732	214.07536029600001	205.863474782	210.11100177200001	270.99222196199952	390.77248308000031	492.71313083999962	504.03986947999999	444.5744916200004	373.78237511999993	322.81205124000002	282.88529753400002	254.8516194000002	234.746658314	218.88922421800001	214.07536029600001	225.9684358680002	239.843690702	243.80804922600001	235.59616371199999	223.13675120799999	208.12882251000019	191.98821994800031	183.77633443400001	166.50305800800001	168.76840573600001	161.68919408599999	155.45948783399999	151.49512931000021	145.83175998999999	141.30106453400001	
Discharge (m3/s
Precipitation (cm)
Precipitation	40299	40300	40301	40302	40303	40304	40305	40306	40307	40308	40309	40310	40311	40312	40313	40314	40315	40316	40317	40318	40319	40320	40321	40322	40323	40324	40325	40326	40327	40328	40329	0	2.5399999999999999E-2	0	0.33019999999999999	2.5399999999999999E-2	2.5399999999999999E-2	0.53339999999999999	2.5399999999999999E-2	0	1.2445999999999979	1.6763999999999999	6.0960000000000001	0.93980000000000097	0	0	0	0	0	0	5.0799999999999998E-2	5.0799999999999998E-2	0	0	0	2.5399999999999999E-2	2.5399999999999999E-2	0	0	0	0.254	5.0799999999999998E-2	Discharge	40299	40300	40301	40302	40303	40304	40305	40306	40307	40308	40309	40310	40311	40312	40313	40314	40315	40316	40317	40318	40319	40320	40321	40322	40323	40324	40325	40326	40327	40328	40329	143.28324379599999	180.944649774	191.70505148199999	184.05950290000001	168.20206880399999	154.04364550400001	143.84958072799989	136.204032146	129.974325894	125.16046197199999	Discharge (m3/s)
Precipitation (cm)
   

73	24.333333333333321	18.25	14.6	10.428571428571431	9.125	8.1111111111111072	7.3	6.6363636363636376	6.083333333333333	5.2142857142857144	4.8666666666666663	4.5624999999999991	4.2941176470588216	4.0555555555555536	3.8421052631578951	2.92	2.4333333333333331	2.0857142857142859	1.46	1.216666666666667	2171.9021342199999	1968.0208387	1962.3574693800001	1928.37725346	1659.36721076	1656.5355261	1622.5553101800001	1597.07014824	1574.4166709599999	1509.28792378	1449.82254592	1413.0106453400001	1398.85222204	1364.8720061199999	1362.0403214600001	1333.7234748599999	1296.91157428	1087.36690944	1081.7035401200001	1056.2183781799999	920.29751450000003	747.56475023999997	699.42611101999989	659.78252578000001	501.20818481999999	294.49520463999988	122.328777312	Recurrence Interval (Years)


Maximum Yearly Discharge (m3/s)
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