



































































































































































































































same time forest regeneration has occurred, agricultural land has decreased, and
stormwater management is improving in the basin, all of which are likely reducing

runoff.

Another possible explanation for the lack of difference in watershed responses despite
very different LULC may be the differences in watershed physical properties. In
general, Savage River is a steeper watershed (12 degrees compared to 9.5 degrees in
Georges Creek). Infiltration tends to decrease and overland flow tends to increase with
increasing slope (Dingman 1994). In addition, Savage River may be responding more
readily to rainfall than Georges Creek due to its slightly higher drainage density (0.77
and 0.69, respectively) which is a measure of how efficiently the watershed is drained
by streams. The Hoffman Drainage Tunnel, constructed in 1907 drains groundwater
from the Georges Creek watershed and discharges into the Braddock Run watershed (an
adjacent basin). The tunnel is approximately two miles long and drains approximately
36 km” of the Georges Creek watershed (Maryland Department of Natural Resources
2001). As a result, estimates of annual runoff as well as event runoff for Georges Creek
are lower due to loss to the Tunnel. Unfortunately, useful estimates of how much water

that is diverted are lacking.

One way to address the non-uniform spatial distribution of rainfall would be to
incorporate NEXRAD (NEXt Generation RADar) data, formerly known as WSR-88D
(Weather Surveillance Radar-1988 Doppler). NEXRAD utilizes a suite of algorithms to
generate real-time precipitation depths over an area with spatial resolutions from 4 to 8

km (French and Krajewski 1994). Current NEXRAD technology is capable of sensing
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rainfall at resolutions as fine as 1 km” This data could then be coupled with a DEM in
GIS where a cell-by-cell comparison could be conducted between elevation and
precipitation. NEXRAD has a number of limitations, however. Some research has
indicated that radar underestimates precipitation when compared to traditional rain gage
estimates (Smith et al. 1996). In addition, the ability of NEXRAD to provide
information about historical rainfall distribution is limited. Smith and Krajewski (1991)
argue that only rain gage and radar data from the same time period be used for this
relationship. Even though the actual quantities may not be precise, NEXRAD would

provide useful information on the spatial patterns of precipitation within the watersheds.

Improved spatial resolution of rainfall data could conceivably increase the ability of
I[HACRES to model unit hydrographs for each of the watersheds as well. In fact,
[HACRES may be the best justification of the need for more spatially explicit data,
specifically areal rainfall estimates. Initially, it was proposed that [IHACRES would be
used to deconvolve unit hydrographs to examine differences in watershed response due
primarily to LULC change. However, IHACRES generated fatal errors while trying to
model streamflow, suggesting that rainfall estimates for the watershed may be
inadequate. This has been observed in other studies that have found IHACRES to be
highly sensitive to the density of rain gages in a watershed (Hansen et al. 1996,
Schreider et al. 1996, Andreassian et al. 2001). Incorporating NEXRAD into a model
that generates spatially explicit estimates of rainfall depths may increase the ability to

scale hydrologic responses observed at the small catchments to the larger basins.
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Chapter V: CONCLUSIONS

The primary goal of this study was to determine whether small watersheds subjected to
mine reclamation practices display a stormflow response to rain events that is different
from those displayed by similar watersheds that are covered by typical second-growth
forests. A secondary goal was to investigate whether intensive surface mining in the
Georges Creek watershed of western Maryland has appreciably altered the stormflow
response at the larger river basin scale. Based on intensive field hydrological
measurements at the small watersheds, LULC data obtained from digitized aerial
photographs from 1938 to 1997, and historical precipitation and streamflow data, results
from this study indicate that surface mining and reclamation can impact the
hydrological responses of watersheds, especially small watersheds where a relatively

large percentage of the watershed area has been mined.

At a river basin scale however, regardless of a 13% increase in surface mine
reclamation in the Georges Creek basin since 1977 very little difference in stormflow
response characteristics was observed. Georges Creek was found to be substantially
flashier than Savage River, but no statistically significant difference in the hydrological
response characteristics of the two basins could be detected. In addition, no significant
trends could be found over time. The lack of response was different than hypothesized
and may be the result of a number of factors that hinder scaling the runoff responses
observed at the small watershed scale to the larger river basin scale. Finally, I believe
there is a need to conduct watershed studies of runoff generation on a variety of
reclaimed mines that are representative of the diversity of reclamation practices that

have actually been employed in western Maryland and at other locations where flooding
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may be a major concern. Based on the findings in this study, it is critical that future
research, land management, and watershed planning decisions consider the relationship

between surface mining and hydrological response in the Georges Creek watershed as

well as other similar watersheds.
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Appendix I.

Watersheds

MATI
NEF1
EBNR

Georges Creek (as gaged at Franklin)
Savage River (as gaged near Barton)

Gage Locations Used

MATI
NEFI
EBNR

Georges Creek at Franklin
Savage River Near Barton

Coordinates of watersheds and gages

39°35' 39" N
39°35'47" N
39°36'01"N
39°35'00" N
39°35'00" N

39°35'32" N
39°35'54" N
3PS N
39°29'38" N
39°34'05" N
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Longitude

78°53'29" W
78°54'29" W
78° 54' 06" W
79° 00' 00" W
79°05' 00" W

78°53'49" W
78°54' 13" W
78° 54' 38" W
79°02'42" W
79°06' 10" W

Area

27 ha

3 ha

104 ha
187.6 km?
127.2 km?



Appendix II. LULC classes, codes, and id key

Class 1: Low intensity developed LuCode: 2
LuCode: 3

Class 2: High intensity developed
Class 3: Agriculture (hay/pasture/crop) LuCode: 5

Class 4: Forest (evergreen/deciduous/mixed) LuCode: 10
Class 5: Active surface mines LuCode: 13
Class 6: Abandoned surface mines LuCode: 14
Class 7: Reclaimed surface mines LuCode: 15
Class 8: Spoil (tailings) LuCode: 16

LuCode: 17

Class 9: Landfill

LULC classes were divided into their respective classes with the following
descriptions (adapted from the Multi-Resolution Land Characteristics

Consortium-MRLC):

Class 1: Low intensity developed (approximately 50 — 80% constructed material;
approximately 20-50% vegetation cover; generally a high percentage of

residential development).

Class 2: High intensity developed ( 80 — 100 % constructed material; less than 20 %
vegetation; generally commercial development or dense residential).

Class 3: Agriculture (areas that are primarily hayed or grazed. Includes pastures, row
crops, and hay).

Class 4: Forest (greater than 50% forest cover; includes a wide grouping of forest types:
deciduous, conifers, both conifers and deciduous, forested wetlands, > 50 %

revegetation on reclaimed mines).

Class 5: Active surface mines (areas currently being surface mined; visible coal seam,
haul roads, and equipment).

Class 6: Abandoned surface mines (open pits; often scattered shrubs in pits; no mining
equipment visible).

Class 7: Reclaimed surface mines (significant signs of recent reclamation; diversion
ditches present; impressions in soil from reclamation equipment).

Class 8: Spoil (primarily from deep mines; tailings, gob piles, deep mine openings).

Class 9: Landfill (active landfilling; equipment and solid waste visible).
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MAT1 2000 s o 8
THACRES for WINDOWS, Yersion 1.
FILE . D:\pRoGRAMS\IHACRES\MATTHEW\MZOOO.SUM
Date created .02/26/02
Time created .15:08:49
Record start date 01/06/2000
Record start time :01:00
Record end date .27/09/2000
:12:00

Record end time
Record time interval : 1 hourly
Number of records : 2844

CONTAINS : Summary of model results.
0 1,Time Delay=

Refere Tem ture = 20.0 : =

Versiogcf.Og,pegibggri0d= 1,Range= 5857 to 8700 (2844), subints

1 5 = —_— & - < ul %ARPE T.C. Al BO Const
1.00 90 12,22 2 _.529 *x**x 005

13 9.8 o .04 1.5

oo oo 1ziz.er B 1 o o LB TEEING oo
1700 90  12.22 .694 .20 w3 0 .06 L.17 7. 00 xxxxx 1005
1.00 90 12.22 .694 .20 .4 o .06 1.17 =428 OO 00%
1.00 90  12.22 .694 19 1.3 o .06 1.18 -.4 :

MAT1 2001 .

THACRES for WINDOWS, Version 1.02

\IHACRES\MATTHEW\MZOOl.SUM

FILE . D:\PROGRAMS
Date created :02/26/02
Time created -15:23 227

Record start date .01/06/2001

Record start time :01:00
Record end date .25,/09/2001
Record end time :01:00
Record time interval : 1 hourly
. 2785

Number of records

CONTAINS : Summary of model results.

Sssﬁ?giui?og?nmgigzggfféjz 1%253;;=14617 to17401(2785), Subints= 1,Time Delay=
g £ TauW $Run D Bias %1 ul $ARPE T.C. Al BO Const
1.00 1 Tw(tk) is less than 1
e 1 Ml s . w3 —E 02 200 __gl9 **x*x 007
Tn Tss sy .m 4 =8 02 LB _.573 *xxxx 006
156 31 1892 738 .35 M1 =B .02 170 _.556 ***** 005
T & 18-2% qgy 3L B35 @ 03 1.6 _.550 ****x* 005
108 o 18.2% oan .38 688 =6 08 BT -BE xxxxx 005
1en et YaTos 726 a7 70.7  -.6 .02 1.68 —.551 *¥¥**
.004
W i Moe qay L34 7T =@ 02 L.65 =SS N
004
100 a1 e 913 .22 728 -6 .02 L.71 =556 *kx Rk
.004
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1'74 _.563 * ok ok ok k

1.00 91 14.95 =_% .02
1.00 91 14.95 .704 20 el
004
===:=:=:=:.—_:_—_:=::================:============:= ———————
NEF1 2000 .
IHACRES for WINDOWS, Version =-
FILE D:\PROGRAMS\IHACRES\TRBNEFl\NgOOSUM'SUM
Date created :02/26/02
Time created :15:08:49
Record start date .01/06/2000
Record start time :01:00
Record end date :27/09/2000
Record end time :12:00
Record time interval 1 hourly
Number of records 2844
CONTAINS : Summary of model ggSU1tS'
= 20 £ = i =
szg?g?nieogenmgigzggiﬁﬁ= 1,gange= 5857 to 8689(2833), subints= 1,Time Delay
' £ TauW  $Run D Bias x1 ul @ARPE T.C. Al B0 Const
= .400 .050
1,00 61 108.94 .e64 .14 10.6 o .04 1.58 -.531 3.40 5
NEF1l 2001 )
IHACRES for WINDOWS, Version 1.02
Date created :02/26/02
Time created :15:19:35
Record start date :01/06/2001
Record start time :01:00
Record end date :27/09/2001
Record end time :01:00
Record time interval 1 houg%g
Number of records : 2
FILE i \PROGR.AMS\IHACRES\TRBNEFl\N200l . SUM
CONTAINS Summary of model results.
Reference Temperature = 20.00 : - .
Version 1.02,p Subperiod= 1,Range=14617 to17449 (2833), Subints= 1.Time
Del R |
© %y TauW  %Run D Bias x1 ul $ARPE 1l/c Ta e e
T 5 8 ek .01 ! 0 .06 341.5 .81 27.28 .458
1:88 e1 g:g;’ .755 .01 b .9 .06 3434 .81 27,36 .458
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Appendix IV. LULC changes over time by category (area in hectares)

1962
LID HID AG FOR ACTMIN  ABANMIN RECMIN  SPOIL LFIL. SUM
LID 64.0 0.8 18.0 24.8 0.0 0.3 0.0 0.0 0.0 108
HID 252 261.1 26.5 30.1 0.0 0.0 0.0 0.2 0.0 343
w AG 57.6 47.7 2998.1  2549.2 253 279.1 0.0 324 0.0 5990
& FOR 12.8 1.4 5569 11214.4 173 340.5 0.0 62.2 0.0 12265
™ ACTMIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ABANMIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SPOIL 0.1 1.4 3.9 42.1 0.3 0.2 0.0 22.2 0.0 70
SUM 160 312 3603 13861 103 620 0 7 0 18776
1982
LID HID AG FOR ACTMIN  ABANMIN RECMIN  SPOIL LFIL SUM
LID 87.0 18.3 12.4 39.9 0.0 0.0 0.0 0.0 0.0 158
HID 6L 260.8 16.7 22.5 0.0 0.0 0.0 0.0 0.0 312
q MG 1314 345 1583.8 12838 165.8 12.5 387.4 5.4 0.0 3605
& FOR 62.7 17.5 639.6 11619.3 371.8 78.0 1053.8 18.1 0.0 13861
™ ACTMIN 0.0 0.0 1.7 484 11.6 Tl 33.4 0.1 0.0 103
ABANMIN 1.1 0.0 34.9 264.1 98.1 60.9 161.6 0.0 0.0 621
SPOIL 24 0.1 3.9 911 3.8 4.8 12.3 12.6 0.0 117
SUM 296 331 2293 13355 651 164 1649 36 0 18775
1997
LID HID AG FOR ACTMIN  ABANMIN RECMIN  SPOIL LFILL SUM
LID 174.4 34.8 26.9 58.2 0.2 0.0 1.7 0.0 0.0 296
HID 47.1 259.6 4.0 19.6 0.0 0.1 0.1 0.0 0.0 331
AG 703 455 12223 736.6 39.6 5.0 173.3 0.4 0.0 2293
QL FOR 170.5 63.0 3973 11563.4 185.6 68.0 862.7 12.8 312 13354
= ACTMIN 0.7 0.0 33.8 140.4 75.7 1.8 398.5 0.4 0.0 651
ABANMIN 03 0.0 35 92.1 0.0 10.6 5.1 0.3 0.0 164
RECMIN 0.3 0.1 99.0 532.4 97.9 18.0 898.6 2.1 0.0 1648
SPOIL 0.1 0.1 5.0 18.5 0.0 1:3 7.5 3.7 0.0 36
SUM 464 403 1792 13161 399 105 2400 19 31 18774
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