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Outline

= Master recession curve (RECESS)
= Recharge estimation (RORA)

» EStimating recharge from streamflow
data (RORA and RECESS)
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Ways SW data are used to
understand GW-SW Interactions

Investigations

» Hydrograph separation to estimate base-flow
contributions to streamflow

= Estimate recharge
» |dentify gaining and losing reaches

» Estimate aquifer and streambed properties
(with flood-stage data)

2 USGS



Streamflow Hydrographs
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Developed from the BASINS
code

been set for the Initial release.
= We're learning too!
= We'd like your input.

2 USGS



»But have you ever seen this in the
real world?




File ECompute Eﬁ.nalysis Edit View  Plug-ins Help

EeE e ¥RKRRA 22 i-8

Legend

-
&2 Welcome to USGS GW Toolbox

Build Mew Project

View Documentation

E USGS Open Existing Project

Preview Map science for a changing world

Show this dialog at startup

X:0302Y: 2076

A Project is an area of study ~2USGS



File | Compute xﬁmaly;is

DA ad WHKRPRA 22 i-3

Edit View Plug-ins Help

Legend 1 x
[ Hydrology
Waterways LA
Cataloging Units O |
IR Political
States [m]
] Counties O
IEEeference File | Compute | Analysis Edit View Plug-ins Help
Major Roads QI_I @!:av ‘w_i?-é?rﬁr”l]' i'L.j
Tiles Legend B x
[ Hydrology
Waterways LA
Cataloging Units O |
IR Political
States [m]
Preview Map m 5 { | Counties O t

TD Reference
Major Roads
Tiles

Y B2 Build New USGS GW Teolbg

To Build 3 New USGS-GW Proje
select (highlight) it, and then clicld
"Build” with no features selected tq

Preview Map

Selected Features:
<none

X:-9.610,515.925 : 8,652 420.859 Meters

X:-9.610.516 Y: 8,652 421 Kilometers 1: 524

X:-7.873.926.327 : 5,423,913 808 Meters X:-7.873.926 Y: 5423 919 Kilometers

B2 Build New USGS GW Toolbox Project

To Build 3 New USGS-GW Project, zoom/pan to your gec
select (highlight) it, and then click "Build’. K your area is ou
"Build" with no features selected to create an intemational |

Selected Features:
01050004 : Naragansett. Massachusetts, Rhode lslang

Navigate to location of interest using Zoom/Pan/Select
icons. Then Build...

2 USGS



File ECompute Ennalysis

Edit Wiew  Plug-ins

DoE &4 ¥xRRALALAL|I-E
Legend 1 x 4
E Hydrology 4
Mational Hydrography Dataset 010800 A
] Cataloging Unit Code [
] Accounting Unit Boundaries
Cataloging Unit Boundaries

EIR Political

—1 County Names [
—1 County Boundariss O
State Boundaries O

IEE‘ransportaﬁon
Major Roads N
Itljéoil, Land Use/Cover

State Soil O
I Observed Data Stations

HEC) NwWIS Periodic Groundwater + |

IR WIS Daily Groundwater [
count_nu
[ = 1000
[] =2000
[ < 4000
- 4000+

NWIS Daily Streamflow

Help

O

X: 2023448623 Y: 2.398.317.892 Meters X:2,023.449Y: 2,358 318 Kilometers : i

Now, select data of interest using map tools and then
bringing down File > Download Data ~USGS



annlu;dgata - a% . ... 4

Region to Download ["uﬁew Rectangle b

Station Locations from US Geological Survey Mational Water Information System
| Daily Groundwater || Perodic Groundwater [7] Discharge Min Count 10

Data Values from US Geclogical Survey Mational Water Information System
Perodic Groundwater Daity Discharge
[7] Instantaneous Discharge

["] DEM Shape ] GIRAS Land Use [ | NED []| Met Stations

] DEM Grid [] NHD [] Met Data |
Mational Hydrography Dataset Plus

] Al [7] Catchments

[ Blevation Grid (] Hydrography

Mational Land Cover Data 2001 \

[] Land Cover [] Impervious [] Canopy (] 1992 Land Cover

] Merge Clip to Region ’ Help ] [ Cancel l [ Download ]

i - e - i 1 o

Note that the Daily Discharge option under the ‘Data
Values from US..." subframe is already checked. Hit

Download ~USGS



File Compute Analysis  Edit View Plug-ins Help
DeE S8 $XPRA2 22 i
Legend I x &
B Hydrology & & i
Mational Hydrography Dataset 010900 A ry
—1_] Cataloging Unit Code []
— ] Accounting Unit Boundariss da
Cataloging Unit Boundaries &
E& Political B e — —
— ] County Names — - L]
—] County Boundaries File Edit Wiew Anal}rsis HE|p

State Boundaries

B[] Transportation
Major Roads

H[ Soil, Land UseiCaover
State Soil

=-USGS ROB
|| ) SGS-GWT ool box\datal0 1030004-12INWISINWIS_discharge_01116905.rdb (1)

ASGS-GWT oolboddata\01030004- 1ANWIS\NWIS_discharge_01117000.rdb (1)

E[¥ Observed Data Stations
HH [ NWIS Periodic Groundw

=1+ NWIS Daily Groundwater
count_nu

J=1000
] =z2000
B < ao00
I 3000+

NWIS Daily Streamflow

EI/] Elevation
National Elevation Datas

Timeseres:: USG5 RODEB

CAUSGS-GW Toolboxdata® 01 090004-125NWISWNWIS_discharge_ 01116505 rdb
1 Timeseries

57 2159 bytes

Madified 1/1/2012 2:33:05 PM

L]
&
F Y & i
&
¥ 1,980,501.425 Y: 2,399,002.309 Meters X 1,980.501 Y: 2,399.002 Kilometers 1: 646694

Data are now available for use—stats, graphing, and analysis.
Review available datasets: File > Manage Data menu ~USGS
Or go directly to data from Analysis menu (various options)



File  Attributes  Select Help
Select Atribute Values to Fiter Available Data

il Select Data

[StaNam v] [Location v] [Consti‘tuem v] [D&ac:'iption v]

HUNT R 250 FT DS FRY B+ 01116305 FLOW Discharge, cubic feet per sec+
HUNT RIVER NEAR BEAST + 01117000

Matching Data (2 of 2)
HUNT R 250 FT DS FRY BR+ 01116305 FLOW Discharge, cubic feet per sec+

criteria

Selected Data (1 of 2)

HUNT RIVER MEAR EAST + 01117000 FLOW Discharge, cubic feet per sec+ SeleCTed daTG

Dates to Include

[ Al ] [ Common ]
Statt  1940/08/23  1940/08/23 1940/08/23
End 2010/08/11  2010/08/11 2010708411

i [] Apphy month/day mngs to each year

[7] Change Time Step Ta: 1 [Day v] [ﬂocumulate.-’Divide vl [ Ok ] l Cancel ]

Now have selected Hunt River near East Greenwich, RI,
gaging station. Hit OK, to get a summary of the data... ZZUSGS



Data Tree

File

Edit View Analysis

- a% @O«

Help

- THigh 100 : 1,002 4
- 1High 100 CI Lower : 0

- 1High 100 Cl Upper : 0

- 1High 100 K Value : 2.7218

- 1High 100 Variance of Estimate : 0
- TLow10 Cl Lower - 0

- TLow10 Cl Upper : 0

- TLow10 K Value : -1.334

- 7Low10 Varance of Estimate : 0
- 7310 1.3318

- bing : Collection count = 1550 (1.6) <AmayList=1 (2.3) 4
- Coefficient of Variation : 1.0751

- Count : 25,555

- Count Missing : 0

- Count Posttive : 25,551

- Count Zero : 4

- End Date : 2010/08:11 24.00

- KenTaul-DayHighProbLevel : 0.00047147
- KenTaul-DayHighSlope : 2.1553

- KenTaul-DayHighValue : 0.28815

- KenTau7-DaylowProblevel ; 0.051466

- KenTau7-DaylowSlope : 0.038041

- KenTau7-DayLowValue : 01607

- Last - 4

- MaxDate : 2010-03/30 24:00

- Mean : 47 863

- MmO

- MinDate : 1947/10/25 24:.00

- Seral Comelation Coefficient : 0.8262

- Shew : 5.3015

|
i
il Timeseries Graph S

Tt OBSERVED FLOW

1 |

Data Tree

File Edit View Analysis (1965 Feb25,1,5314) Help -
2,“““ TTTTTTTTTTTTTITTITITTITITI I T T T I T I T I IT T I IT T I I I T I T IT I T T IT I TITTITITITITTTITTITITTT
| —— DAILY OBSERVED FLOW ]
1,500 - 1
1,000 4
| i |
500 | 4
P, B b L et A e i ad

1950 1960 1970 1980 1990 2000

DAILY at 01117000

h

— e

Or gen;Fate grabhs of t;]e data,
including flow-duration curves 2ZJSGS




E Baseflow Separation

Hydrograph Separation

ESRENx

PART

Text Output

Separation Methods To Use
HySEP-Fixed
HySEP-LocMin
HySEP-Slide

File  Analysis  Help

Drainage Area

2259 sqmi

YEAR
| 1240
1941
1942

Define Analysis Dates

1943

Data Start |194ﬂfﬂ&?4

Period of Recond Analysis Dates 1544
1945

| 1940/08/24 Loar

| 2010/08/11 LT

Data End |2ﬂ1ﬂfﬂ3f11

1948

1948
13950
1951
1552

Output folder CAGW Toolbod' Aqua Tema Updates'\From_AT_Jan_

1953
1954

Basze output flename  hunt_part_fieed_02_08

Display Graph

1955
1356
1857
1958
1958
1360
1361

| Wrte Tet Output |

[ Timeseres ] [

Cummulative Distrbution ]

1962

13963

[ Flow Duration ] [ Flow Duration per unit area ]

1964

Analysis > USGS Baseflow

1965
12966

Separation

FEADING FILE NAMED HWIS discharge 01117000.rdb
FIRS5T YEAR IN RECORD =
LAST YEAERE IN RECORD =

1940
2010

MONTH
MJJASOND

m

Examine Data button

2 USGS



Hydrograph Separation

& Baseflow Separation

File  Analysis Help

Separation Methods Ta Use
HySEP-Fixed
HySEP-LocMin
HySEP-Slide

PART

Drainage Area

2259

Define Analysis Dates
Period of Record

Data Start |15-mxu3;s24

Analysis Dates
| 1941/01/07

Data End |2u1u,-=u3311

Text Output
Output folder C:GW ToolboxAgqua Tema Updates'February 17

| 2008/12/31

Base output filename  hunt_all

Wiite Text Output

Display Graph

[ Timeseres ] [ Cummulative Distribution ]

[ Flow Duration H Flow Duration per unit area ]

Analyze 1941 — 2009, and
specify Text Output location

Baseflow output completed.

File Edit View Tools Help

ALHRSET S

=| . « GWToolbox » AquaTerra Updates » February 17

- | 3 |. Search February 17
= — =

Organize « Include in library « Share with + Burn MNew folder = o« i ®
¢ Favorites * Name . Date modified Type Size it
B Desktop ﬁ.—_lzi hunt_all_Daily.csv 2/22/2012 9:31 AM Microsoft Office E...
& Downloads ﬁ.—_lzi hunt_all_Duration.csv 2/22/2012 9:31 AM Microsoft Office E...
‘E—-_".' Recent Places | hunt_all_HySEPFixed.PRT 2/22/2012 9:31 AM PRT File
£ = hunt_all_HySEPFixed.SBF 2/22/20129:31 AM  SPLUS Object Expl...
4 Libraries || hunt_all_HySEPLocMin.PRT 2/22/20129:31 AM  PRT File
@ Documents = hunt_all_HySEPLocMin.SBF 2/22/20129:31 AM  SPLUS Object Expl...
J’ Music || hunt_all_HySEPSlide.PRT 2/22/20129:31 AM  PRT File
[ Pictures L % hunt_all_HySEPSlide.SBF 2/22/20129:31 AM  SPLUS Object Expl...
i Videos ﬁ.—_lzi hunt_all_Menthly.csv 2/22/2012 9:31 AM Microsoft Office E...

.- Computer
£, Local Disk (C3)

] 15 items

~ |

| hunt_all_partday.td
. hunt_all_partmon.td

2/22/2012 9:31 AM
2/22/2012 9:31 AM

Text Document
Text Document

LIS




— —

e, o = - wosv - Mi
-  — hunt_all_Yearly.csv - Microsoft Excel - - @
| Home | Insert Page Layout Formulas Data Review View Acrobat @ -2 X
[ 1 — a0 (N o -
& Calibri i1 - |A‘ A'l |E = S Wrap Text General v % g il- z ﬂ
FTt i {}" A : E ' 0 .00 Conditi I F t Cell Insert Delete F t E- Sort & Find &
aste B 7 U~ - - == = Merge & Center = $ - % o |[%8 0 onditiona orma €l nse elete Forma Q in
h j | — | || L — | | - | . | - | Lo n| Formatting = as Table = Styles - h - - T Filter = Select =
Clipboard ™ Font P Alignment P Number P Styles Cells Editing |
Al - i3 I | Groundwater Toolbox annual output for hydrograph separation (calendar year January 1-December 31)
A B C D E F G H 1 il K L M N 0] P Q B
Groundwzter Toolbox annual output for hydrograph separation (calendar year January 1-December 31)

Station: 01117000 HUNT RIVER NEAR EAST GREENWICH Rl
Drainage area: 22.9 square miles

Year Date

[F-RN- R T R SR TR R

Streamflow

CFs

Baseflow
CFS

PART
Runoff
CFsS

BFP
(%)

Baseflow
CFS

HySEP-Fixed
Runoff
CFs 1M

BFP
(%)

Baseflow
CFs

Ready |

1 26 3 4
2 1542 42 24.83 33 19.31 9 5.53 77.7 34 20.18 B8 4.65 B81.3 30
3 1943 34 19.87 28 16.83 3 3.04 84.7 29 17.25 4 2.62 86.8 27
4 1544 28 16.89 22 12.89 7 4 76.3 22 13.22 6 3.67 78.3 20
5 1945 41 24.59 34 20.23 7 4.36 82.3 35 20.49 7 4.1 83.3 31
B 1946 46 27.46 38 22.69 8 4.76 B82.6 39 23.05 7 4.41 B83.9 36
7 1547 35 20.47 28 16.36 7 4.11 79.9 29 16.97 6 3.5 82.9 26
8 1948 51 30.26 43 25.51 7 4.46 85.3 44 26.2 7 4.06 86.6 43
9 1549 30 17.84 26 15.55 4 2.29 87.2 26 15.2 4 2.64 85.2 24
20 10 1950 33 19.44 28 16.75 3 2.7 86.1 28 16.51 5 2.54 B84.9 26
21 11 1951 49 29.09 40 23.99 9 5.1 B82.5 41 24.32 8 a4.77 B83.6 37
22 12 1952 45 26.75 39 23.16 ] 3.58 86.6 39 23.15 6 3.6 86.5 35
23 13 1953 64 37.72 51 30.42 12 7.3 80.7 52 30.61 12 7.11
‘ 24 14 1954 58 34.63 a7 27.84 11 6.79 80.4 43 28.44 10 6.19
U I‘;;nt allir\l"girlvé f;]r/c o - e - - - m|l- i - Il =

One of the files created—Yearly summary of results

(CFS: average flow for the year (cubic feet per second); IN: flow per drainage area (inches); BFP: Base-Flow Percentage (ratio of base-flow to streamflow multiplied by 100) =

HySEP-L|
Runoff
CFs

2 USGS
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E Graph

FLOW, IN CUBIC FEET PER SECOND

1,000 |

100

10 ¢

File Edit View Analysis Coordinates Help

— DAILY OBSERVED FLOW
—— DAILY Estimated by Fart Baseflow

1999 2000
DAILY at 01117000

Several graphing options. A section of the PART
analysis is shown.

2 USGS



ﬂ Graph ‘ “e

File Edit View Analysis Coordinates Help

1,ﬂuﬂ_l T T T T T T T T T T T T T T T T T T]

—— DAILY OBSERVED FLOW
— [DAILY Estimated by Part Baseflow
—— DAILY Estimated by Part Runoff

FLOW, IN CUBIC FEET PER SECOND

0 2 10 30 60 80 88 99.8

i‘ PERCENTAGE OF TIME FLOW WAS EQUALED OR EXCEEDED Jl

. - F

1

Flow-duration curves for PART-derived output: -
streamflow, baseflow, and runoff ’s:“USGS



ﬁ Graph

- -
File Edit View Analysis Coordinates Help

1,“““ T T 1 T T N . . . .
r File Edit View Analysis Coordinates Help

DAILY Estimated b 1,000 r

DAILY OBSERVED FLOW

DAILY Estimated by Fart Baseflow
DAILY Estimated by Fixed Baseflow
DAILY Estimated by LocMin Baseflow
DAILY Estimated by Slide Baseflow
DAILY Estimated by Fart Runoff
DAILY Estimated by Fixed Runoff
ww[JAILY Estimated by LocMin Runoff

DAILY Estimated b 100 |

100 |

10 |

FLOW, IN CUBIC FEET PER SECOND

FLOW, IN CUBIC FEET PER SECOND

| 1
I [
|
|
1u | | |
1 0 2 10 30 60 i y |
PERCENTAGE OF TIME FLOW WAS EQUA 01 L v ey
0 2 10 30 &0 50 93 99.8

PERCENTAGE OF TIME FLOW WAS EQUALED OR EXCEEDED

Flow-duration curves for all four methods: -
streamflow, baseflow, and runoff éUSGS



Recession Analysis

| R ——

File  Help
Streamflow Analysis Dates

Period of Record Analysis Dates
Data Start [1540/08/24 | 1940/08/24

Data End |2'I]1Df{l3ﬂ1 | 2010/08/11

Specify minimum flow recession length indays 15

() Spring ) Summer () Fall @ Winter

(™) Mo particular season

Specify autput directory
C:MNGW ToolboxAqua Tema Updates'Feb_27

Save Intermediate Results

Find Peaks =

For RECESS, can use entire period of record. Specify
Months and Seasons, Minimum number of days of
recession, and output directory. Then, hit Find Peaks.

2 USGS



Recession Analysis

& USGS RECESS

File  Help

I [] 19467 3/ 2 & 1.2
[] 1952/ z/18 )
[] 1355/ 1/ 7
[] 135512/ 5
[] 1358/ 1/10 i
O] 1963/ 3727 0.8
[] 1968/ 3/18
[] 1963/12/27
[] 1971/ 1/ & [
[ 1378s 2/ & 0.4 [
[]1373s 1s25 r
[] 1385/ =s12
[] 1986/ 2s22
[ 19877 1723 | I ]
- 1 [ P S N S R S

[] 1387/ z/10

[] 1334, 1/23
[Fl zhnzs 1+ a4

[«:Ead{tn[:nrn‘iguratinn][ Analyse | | Summary | | View MRC >

1h

0.6 }

0.2}

-

This gives us a list of dates that meet the 15-day
minimum criterion. Now evaluate each recession
period individually.

2 USGS



"B USGS RECESS

- e —— . e S

File  Help
OEEEEY - | |t0E arrEe DELTZ TIME AF 4
] 1952/ z/18 [ PERE LOG @ LOG Q o START [
[ 1985/ 1/ 7 1 Z_1584 995.0000 144.000 z0z0
D 1955712/ 5 z 2. 107z -0_0512 128._000 202 ‘G‘ 3.5 ¢ ]
] 1956/ 1/10 3 Z_056% -0_.050% 114.000 2022 =
] 183/ 3727 1 2.083¢  -0.0235 108.000 2023 = 3F ]
P S i 1
Bl 1963/12/27 |2 7 1.924% -0_0625  84.000 z026 =
171/ e & 1.8808 -0_.0435  76.000 2027 s g b thigy 1
[[] 1878/ 27 8 3 1.8513 -0.023&  71.000 zoza +iy
[ 19797 1/25 10 1.8325 -0.0187 &8.000 2023 ++++++++—|—|—+~
[[] 1985/ z/12 11 1.81%5 -0_.0130  €6.000 2030 1.5
[] 1386/ zs22 z 1.8062 -0.0134  €4.000 z031 5 10 15 20
] 19877 1723 || 13 1.7385% -0.0208  €1.000 2032 March 1946
1887/ 2710 14 1.7708 -0_.0145  55_000 2033
Ewsu 1729 1s 1.755% -0_0150  57.000 2034 DAILY at 01117000
=l 2nnes 1+ a4 18 1.7404  -0_0185  55_000 2035
[<Back.to Configuration ] [ Analyse ] [ Summary ] [‘uﬁew MHE.‘:]
- T — -

Look at entire recession for the date selected. Click on day 10 after
peak and the dialogue box below results (hit First Day option):

-
E Choose Recession Limb Duration u

Set "10' as first or last day of this recession segment?

| FistDay | | lastDay | | ResetAl | | Cancel |

2 USGS



"% 1SGS RECESS
E.._. - e —— WS e S

File  Help
ODEZEEEN - | |TE 2FTER DELTZ TIME AFTEER 2
[C] 1952/ 2/18 [T PERE 1OG @ LOE § o START
O] 1955/ 1/ 7 10 1.8325 -0.0187 €8.000 2023 1
[ 1985/12/ & 11 1.8195 -0.0130 &€&.000 2080 1 E‘ 19 | E
] 1956/ 1/10 1z 1.8062 -0.0134 €4.000 zo31 1 = + 4 ]
- 13 1.7853 -0.02Z0%  &1.000 zo3z 1 ~ 1.8 | == ]
[ 13823s as27 = + 4 ]
14 1.7708 -0.0145 58.000 2033 1 =Y + ]
[l1sea/ 3/13 15 1.7553 0.0150 §7.000 2034 1 i T + ]
O] 1968/12/27 |E . . - ‘ L 17t ]
E 1971/ 1/ 6 1s 1.7404 -0.0155 55.000 2085 1 = 3
N 17 1.7160 -0.0244 52.000 zo3s 1 et 16 ]
[ 19787 2/ 8 18 1.7076 -0.0084  51_000 2087 1 . ]
[[] 1379/ 1/25 13 1.6812 -0.0263 48.000 o3 1
[C] 1985/ 3/13 20 1.6628 -0.0185  4&.000 2033 1 1.5
[ 1388 2s22 14 16 18 20 22
[ 13877 1s23 || March 1948
[ 1387 zs10
D 19987 1729 DAILY at 01117000
[Fl 2nnas 1r a
[<Bad{to Configuration ] [ Analyse ] [ Summary ] [‘uflew MH.C.‘:] JI

- -

Graph on the right looks linear, which is goad. Now click An-alyse. K
for the segment = 58.65 days per log cycle:

"% 1SGS RECESS
E.._. - e —— WS e S

File  Help
CEEETETEY - | [BEST-FIT EQUATION: - 5

[l 13827 2718 T = ( -58.6474 * LOGR ) + 117.7834
O] 19557 1/ 7 DAYS/LOG CYCLE= 5B.647323

D 1955712/ 5 MEAN LOG Q@ = 1.752586

[ 1358r 1/10
[ 13823s as27
[ 1388 23s12
[ 1389712527
[ 13717 17 &
[]1378s 27 &
[l 13737 1/25
[ 1sass 3/13 1.5
[ 1388 2s22 14 16 18 20 22

[ 13877 1s23 || March 1948

[ 1387 zs10
] 1994/ 1/23 bl DAILY at 01117000

=l 2nna2s 15 a4 | 4 - !/
[<Bad{to Configuration ] [ Analyse ] [ Summary ] [‘uflew MRC = _ Jg USGS

19 | ;
18 [ +++Jr ]
+ b

++ ]

o + + 1
1.7 +

16 | ;

m

Log(Flow, cfs)




B2 USGS RECESS

File  Help

- —— —— WS e S

Now check the button for the date so that the analysisis s

» | |TIME AFTER DELTZ TIME AFTEER 2
O] 1952/ 2/18 [ PERE 1OG @ LOE § o] START ]
O] 1955/ 1/ 7 10 1.8325 -0.0187  €8.000 zo0zs 1 1
[ 1955/12/ & 11 1.8185 -0.0130  &&.000 2080 1 E‘ 19 | ]
[ 1956/ 1/10 1z 1.8062 -0.0134  &4.000 2031 1 5 + 4 ]
- 13 1.7853 -0.0z03 &1.000 203z 1 ~ 1.8 | == ]
[ 13823s as27 = + 4 ]
14 1.770% -0.0145 59.000 203z 1 =Y + ]
[l1sea/ 3/13 15 1.7559 0.0150  §7.000 2084 1 [T T + ]
[ 198ss12/27 |(E - - - 2 L 17 + .
B 1971/ 17 6 18 1.7404 -0.0155 5§5.000 2085 1 =) ]
. 17 1.7160 -0.0244 52.000 2038 1 et 16 1
[ 19787 2/ 8 18 1.7076 -0.0084  51_000 2087 1 er ]
[[] 1379/ 1/25 13 1.6812 -0.0263 48.000 o3 1
[C] 1985/ 3/13 20 1.6628 -0.0185  4&.000 2033 1 1.5
[ 13267 zs22 14 16 18 20 22
[ 13877 1s23 || March 1948
[ 1387 zs10
] 1994/ 1/23 DAILY at 01117000
[Fl 2nnas 1r a i
[<Bad{to Configuration ] [ Analyse ] [ Summary ] [‘uflew MH.C.‘:]
) T i -

|

aved.
Repeat several times, by going through the entire record:

&2 USGS RECESS E=REE X
a— - — — W e S
File  Help
[ 1385/ 1/ 7 | |TIME AFTER DELTR TIME AF = 2
1955712/ & DELE L1OC @ LOG Q o] START [ '
19587 1/10 1 1.§628 95%.0000 46.000 23345
1583/ 3,27 2 1.6128 -0.0500 41.000 23344 - 1.8 ]
3 - L
1383/ 3718 3 1.8021 -0.0107  40.000 23947 5 16 + i
s 4 1.5682 -0.0333 37.000 23948 - 1. .
1963712727 + 1
1971‘, 1/ & = 1.5563 -0.011%  3£.000 23549 % +++++-H-+++_H_+.
O 1978/ 2/ & 5 1.5441  -0.0122  35.000 23350 |g i 1.4 3
1575 ; oe 7 1.5315 -0.012& 34.000 23351 =) 1
e B 1.531% 0.0000 34.000 23952 e 1.2 ]
[] 1885/ 3/13 5 1.5315 0.0000 34_000 23953 . ]
1386/ 2/22 10 1.5315 0.0000 34.000 23954
1387/ 1723 11 1.531% 0.0000  34.000 23955 1
[C] 1387/ 2/10 1z 1.5315 0.0000  34.000 23958 15 20 25 30
1534/ 1723 13 1.5315 0.0000 34.000 23357 March 2008 !
20037 17 4 14 1.4514 -0.0401 31.000 23358
W] 2006/ 3/11 g 1s 1.4624 -0.0230 29.000 23958 DAILY at 01117000
% 18 1.4624 0.0000  25.000 23380
[<Bad{to Configuration ] [ Analyse ] [ Summary ] [‘uflew MRC = JI
- - EJ
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&= USGS RECESS

File  Help

1346/
1952/
[] 1355+

1356/
1963/
1368/

1371/
[] 1378#
13755
[[] 1325¢
1386/
13875
[] 1387s
1334/
| 2008/

3454
2/18
15 7

1355712/ 5

1/10
3727
3718

[[] 1983712727

1/ &
Z/f 8
1725
3/13
2722
1723
2710

1/25
17 4

MAXTHMUM LOE @ FOR ALL CHOSEN RECESSIONS=
MINIMUM LOE §Q FOR ALL CHOSEN RECESSICONS=
Selected recession periods:

1.
1.

140:

PeakDay MeanLog E F
13877 1723 1.5Z24 -5Z.742 120 i ]
1as8/ 3/18 1.8732 -B5_320% F +
1373/ 1725 1.825 -44 _gZ¢ [
1852/ Z/18 1.82%9 -&87.127 100 i
18386, 2722 1._785 —73_182
1534/ 1/23 1.757 -1l1&_1&8 e F +
15946/ 3/ 4 1_753 —-58_.647 80 [ ]
2003/ 1/ 4 1.&6&0 -5g.410 [+ +
1856/ 1,10 1.85%5 —-43_.833 80 [ + :
1355/12/ 5 1.585 -27.580 F + +
1963/ 3/27 1.5&0 -B3.211 +
2008/ 3/14 1.453 -85.021 40 * b
1871/ 1/ & 1.408 -3Z2.98¢ [ +
[+
. . . . R a0 NN TN TN TN 1T ¥ 1 1 1 1 I |
Final median recession index: 58.65 1980 1980
DAILY at 01117000
4| I | r
[(Backto Configuration ] [ Analyse ] [ Summary ] [‘uﬁew MRLC = ]
3 . s -

The 116.168 value looks like a possible outlier, so delete it.

2 USGS




&2 USGS RECESS

File  Help

EENEERTg

159467 3/ 4
1352/ z/18
[] 1355+ 17 7
1355/12/7 &
1356/ 1/10
1383/ 3/&7
1968/ 3/18
[] 1383s12/27
1371/ 1/ &
[]1378s 2/ =
1978/ 1/25%

[[] 1385+ =/s13
1386/ 2/22
1387/ 1/23
[] 1387+ zs10
W 1554/ /25 ]
20057 17 4
W [#] 2006/ 2714

MRHTMOM L.OC @ FOR ATLI. CHOSEM BECESSIOHNS= 1.9 =

MINIMUM LOG { FOBR ALL CHOSEN RECESSICNS= 1._¢ 100 b
Selected recession periods: [ ]
PeakDay  MeanLogR E 90 ¢ ]
1387/ 1723 1.824 -52_74z . |- ]
1388/ 2/18 1.873 -55_30% 80 ]
1373/ 1/25 1.823 -44.82% . 4 ]
1352/ 2718 1.82% -g7.127 70 | 3
1386/ 2/22 1.765 -75.132 F T 3
1548/ 3/ 4 1.753  -58.647 60 L + ]
20037 17 4 1.880 -585.410 . +]
1358/ 1/10 1.653% -43.833 50 [ + ]
1355712/ 5 1.585 -27.5&0 ; I 5 ]
1383/ 2/27 1.560 -83.211 40t ]
2006/ 3/14 1.4%3  -@5.021 r ]
1571/ 1/ & 1.406 -32.366 20 C + ]
o+ ]
Finzal median recession index: 57.53 [ ]
2.“ |1 T I I N A I I I I I |
1960 1980
> DAILY at 01117000
1| (0] | 3
[«:Elad{tu Corfiguration ] [ Analyse ] [ Summary ] [‘u"lew I'H'IHE}]
- .

57.53 days.

Some variability, but the range is not bad: ~ 28 to 83 days. Median is

2 USGS



Recharge Analysns usmg RORA

(o= S|

File  Analysis Help

Analysis Dates
Period of Record Analysis Dates
Data Start  (1340/08/24 | 1941/01/01
Data End  12010/08/11 | 2008/12/31
Parameters
Drainage Area 2259 sq mi
Recession Index B7RZ5 days/AogQ cycle
Browse Recession Index ] 1
Requirement of -
Artecedent Recession 2 v days 1
N
Text Output 1
COutput folder C:NGW ToolboxAgqua Tema Updates'Feb_27 i
Base output filename  rora_hurt i
[
| Plot Morthly Recharge | | Wiite ASCII Outputs | |,

Notice how Drainage Area and Recession Index are
carried over from previous frames. Requirement of
Antecedent Recession (N) is calculated as in -
Rutledge (1998) = USGS



(O | L)
it |

|Home| Insert Page layout Formulas Data Review View Acrobat @ — & X

I EY R

[ﬁ_lll & Ccalibri -l -
G (B 7 U-[A N

Paste = Mumber|| Styles || Cells @' ﬁﬁ'
™ | ETera] et s ek .-
Clipboard ™ Font M| Alignment | Il Il || Editing
Al - C‘ e | Groundwater Toolbox monthly output for E
A | 8B | ¢ | b | e | F | 6 | u |ip
1 |Groundweter Toolbox monthly output for recharge estimates using RORA approach.
2 |Station: U RI
3 Drainage area: 22.9 square miles
a =
5 |{IM: annuz in inches)
6
7 Year Date 1N
8
9 1 1941 13.19
10 2 1942 24.95
11 3 1943 14.79
12 4 1944 16.64
13 =] 1945 24.02
14 & 1946 22,73
15 7 1947 18.37
16 8 19438 28.41
17 E 1949 16.23
18 10 1950 19.78
19 11 1951 27.14
20 12 1952 22,95
21 13 1953 35.68
22 14 1954 33.99
M 4 » ¥| rora_hunt roraAnn . ¢d
Ready |

N RUORA

is one shows the
yearly summary of
results.

2 USGS



Recharge Analysis using RORA

E Graph

File Edit Wiew Analysis Coordinates Help

14 | —— MOMTHLY Recharge

12 +

Y

1945 1850 1855 1860 1965 1970 1975 1980 1985 1980 1935 2000 2005
MONTHLY

-
o
—

Recharge (Inches)
o
———

1]
—

Plot of monthly recharge over the basin gUSGS



Loading Data without a Map

EEHE )

File ECompu'te Eﬁmaly;is Edit View Plug-ins Help

, z
= =
# 1 & |

Legend I x




Loading Data without a Map

2 Select Timeseries:USGS RDB file to open E e
il . - = 2 . -l e
m‘ﬂ |« data » 01090004-11 » NWIS v [ %3 |[ search N
Sm— L B 3
Organize « Mew folder 4= =
< Favorites = MName Date modified Type
Bl Desktop || DataSummary.bd 2/22/201212:26 PM Text Docum
4. Downloads |7 NWIS_discharge 01116905.rdb 1/1/2012 2:33 PM RDE File
| Recent Places |j MNWIS_discharge_01117000.rdb 1172772011 1:23 PM  RDE File
| 7| NWIS_Stations_discharge.rdb 2/22/2012 8:19 AM  RDE File
o Libraries |7 NWIS_Stations_gw_daily.rdb 2/22/2012 819 AM  RDE File
@ Documents r | 7| NWIS_Stations_gw_periodic.rdb 2f22/2012 819 AM RDE File
Ji Music
[ Pictures
™ videos
L] Computer
£, Local Disk (C)
e pharlow (130,10
i rt (113011,
== import (U - 4 i | 3
File name:  NWIS_discharge_01117000.rdb - ’USGS RDE Files (*.rdb, *.txt) v]
I Open - ’ Cancel ]

2 USGS



Loadmg Data without a Map

=)

File  Attributes  Select Help

Select Attibute Values to Filter Available Data
[EaNam

V] lLocation

V] lD&acription -
HUNT RIVER NEAR EAST + 01117000

Discharge, cubic feet per sec+

Matching Data (1 of 1)

HUNT RIVER NEAR EAST + (01117000 FLOW

Discharge, cubic feet per sec+

Selected Data (1 of 1)
HUNT RIVER NEAR EAST + 01117000

FLOW Discharge, cubic feet per sec+
Dates to Include
[ Al ] [ Common ]
Stat 1940/08/23  1940/08/23 1940/08/23
End 2010/08/11  2010/08/11 2010/08/11
[ &pply month/day range to each year
[7] Change Time Step To: 1 [[}ay v] [Amum.date.-’Divide vl [ Ok I [ Cancel ]

In this example, only the Hunt River near East Greenwich data
have been selected. Continue as before.  Z2ZZUSGS



»
.

»>“You have to study a place for a
while before you begin to ask the
right questions
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