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Precipitation-Runoff, Suspended-Sediment, and Flood-
Frequency Characteristics for Urbanized Areas of
Elmendorf Air Force Base, Alaska

By Timothy P. Brabets

ABSTRACT tributed Routing Rainfall Runoff Model-Version
) Il (DR3M-II). The model was then used to simu-
The developed part of EImendorf Air Force |gte annual peak discharges and runoff volumes
Base near Anchorage, Alaska, consists of tw@or 1981 to 1995 using historical rainfall records.
basins with drainage areas of 4.0 and 0.64 squagg:cause the model indicated that surcharging (or
miles, respectlvely. Runoff and SUSpended-Sedbonding) would occur, no ﬂood_frequency ana|y_
ment data were collected from August 1996 tasis was done for peak discharges. A flood-fre-
March 1998 to gain a basic understanding of thgyency analysis of flood volumes indicated that a
surface-water hydrology of these areas and t90.year flood would result in 0.39 inches of run-
estimate flood-frequency characteristics. Runofg (averaged over the entire drainage basin)

from the larger basin averaged 6 percent of rainfrom the larger watershed and 1.1 inches of run-
fall, whereas runoff from the smaller basin aver-f from the smaller watershed.

aged 13 percent of rainfall. During rainfall

periods, the suspended-sediment load trans-

ported from the larger watershed ranged fromfNTRODUCTION
179 to 21,000 pounds and that from the smaller _ . :
watershed ranged from 23 to 18,200 pounds. On Elmendorf Air Force Base is located in
a yield basis, suspended sediment from the |arg§,outh,central Alaska, adjacent to Anchorage, the
watershed was 78 pounds per inch of runoff andt@te’s largest city (fig. 1). The mission of the
from the smaller basin was 100 pounds per incR@se is to provide air defense for the Alaska
of runoff. Suspended-sediment loads and yield&orth America Defense (NORAD) region and

were generally lower during snowmelt periodstO p_rovide the deploy_ment of _personnel and
than during rainfall periods. equipment to world-wide locations. The base

encompasses about 20%mind includes a

At each outfall of the two watersheds, major runway, operation facilities, and military
water flows into steep, natural channels. Su HoUSINg

pended-sediment loads measured approximately
1,000 feet downstream from the outfalls during Most of the roads, housing, and runway at
rainfall periods ranged from 8,450 to 530,000EImendorf are concentrated in an approxi-
pounds. On a yield basis, suspended sedimeniately 5-square-mile area. Runoff from this
averaged 705 pounds per inch of runoff, moreurbanized area enters a number of catch basins.
than three times as much as the combined sedrhese catch basins are connected by a network
ment yield from the two watersheds. Theof stormwater pipes, which transport the flow
increase in suspended sediment is most likelyestward, where it eventually is discharged at
due to natural erosion of the streambanks.  two outfall locations. The stormwater from
Streamflow data, collected in 1996 andthese two outfalls flows into natural stream
1997, were used to calibrate and verify a U.S¢channels. Near the Port of Anchorage, the flow
Geological Survey computer model—the Dis-enters a culvert and discharges into Cook Inlet.

Introduction 1
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Figure 1. Location of EImendorf Air Force Base near Anchorage, Alaska.
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Under the requirements of the FederaPhysical Setting

Clean Water Act, the National Pollution Dis-

charge Elimination System (NPDES) permit- Elmendorf Air Force Base is located in
ting program, and the State of Alaska Watethe northern part of what is commonly referred
Quiality Regulation (18 AAC 70), stormwaterto as the “Anchorage Bowl.” This area is
runoff from the urbanized part of the base maypounded on the north, west, and south by two
require treatment using a sedimentation basiestuaries—Knik and Turnagain Arms of Cook
before it can be discharged into Cook Inlet.  Inlet—and on the east by the Chugach Moun-
tains (fig. 1). Most of the terrain is a gently

Sedimentation basins are usually . ; .
sloping glacial outwash plain, with the excep-

designed to detain a flood volume of Spedﬁﬁon of the Elmendorf moraine (fig. 1). Located

recurrence interval for a perloq suff|C|_ent t0 n the northern part of the base, the EImendorf
remove a given percent of a particular size sed-

iment. Likewise, in a stormwater runoff system moraine is a hummocky ridge of glacial depos-

the sizes of culverts or pipes are based on thgf? of mixed grain size.

ability to pass a flood of a particular recurrence Long-term average annual precipitation
interval. Thus, reliable and accurate precipitafor the study area is about 15 in. at the Anchor-
tion-runoff, suspended-sediment, and floodage International Airport, of which about 8.5 in.
frequency characteristics are needed to ensugensists of rainfall (National Climatic Data
both a functional and cost-effective sedimentaC€enter, 1998). Precipitation as rainfall occurs
tion basin or stormwater drainage system.  from about mid-April to about mid-October.
The remaining 6.5 in. of water-equivalent pre-
cipitation is about 70 in. of snow that occurs
during the winter months. Air temperatures in
the Anchorage area range from an average

This report summarizes the precipitation-

runoff, suspended-sediment, and rood-fre[nonthly minimum during the coldest month,

guency characteristics of the urbanized areas 81anuary, of 3.2 'F to an average monthly maxi-

Elmendorf Air Force Base. The objective of thigYMm during the warmest month, July, of

study was to determine these characteristics é& 3 °F

that Air Force personnel could determine if a The urbanized area of Elmendorf Air
sedimentation basin is required. If a sedimentd-orce Base is located near the southern bound-
tion basin is required, the Air Force could usary of the base. Runoff from this area is col-
the results of this study to help design the strudected in a number of catch basins, which are
ture. Data collected over a 2-year period wereonnected by a network of stormwater pipes.
used to determine the precipitation-runoff and'here are two primary drainages (fig. 2). Water-
suspended-sediment characteristics. The floghed 1 drains an area of 4%mirhis watershed
and precipitation data were used to calibrateonsists of the main runway, aircraft hangars,
and verify a rainfall-runoff model. Once thesupport facilities, and military housing. Sixty-
rainfall-runoff model was verified, historical seven percent of this watershed is composed of
rainfall data were used to simulate storm volpervious area, 7 percenteffective impervi-
umes and peak discharges for a 15-year periodus area, and 26 percent inon-effective
Flood-frequency techniques were then usetinpervious area Watershed 2 drains an area of
with the simulated data to determine recurrenc®.64 mf. This watershed consists primarily of
intervals for storm runoff volume.

Purpose and Scope

1Bold words are defined in the “Glossary” at
the end of the report.

Introduction 3
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military housing and warehouses. Fifty-nine(fig. 2) were established to quantify the distri-
percent of this basin is composed of pervioubution of rainfall. Suspended-sediment samples
area, 13 percent is effective impervious areayere collected duringainfall-runoff and
and 28 percent is non-effective impervioussnowmeltrunoff periods, and analyzed for
area. total concentration. About 40 percent of these
0'§amples also were analyzed for particle-size

inch and 48-inch culverts, respectively, that disg'Str'bUt'on' Concentrations of the sgspgnded-
ediment samples collected during individual

charge directly into steep-gradient naturals‘t it ted disch
channels, which then merge into a single chan- orms were integrated over a discharge
nel (fig. 3). The streambed of the channels co wydrograph to determine the suspended-sedi-

sist of boulders, cobbles, gravel, and findnent load per storm. Monitoring of runoff and

sediments. The banks along the channels aﬁgspended sediment at watersheds 1 and 2 dur-

: - - infall periods began in August 1996 and
composed of fine unconsolidated sediment$'9 an
and, when saturated, will slough into the changnded in September 1997. Runolif and sus-

nels. At the downstream end of the single Charp_ended-sediment data were collected at these
nel, water re-enters a culvert and eventuallVO Sites during the snowmelt periods of March

discharges into Cook Inlet. 997 and March 1998.

In March 1997, a third suspended-sedi-
ment monitoring site (site 3, fig. 3) was estab-
lished near the base of a bluff, about 1,000 ft
downstream from the outfalls. The natural
channels between the outfalls of watersheds 1
and 2 and site 3 drop about 100 ft in elevation.
Site 3 was established to determine if sus-
pended-sediment characteristics change as run-
off travels downstream from the two outfalls to
site 3. No major tributaries discharge into the
channels between the two outfalls and site 3.
Therefore, the discharge at site 3 was computed
as sum of the discharge at the two outfalls. Sus-
pended-sediment data were collected at site 3
during rainfall periods in 1997 and the snow-
melt periods of March 1997 and March 1998.

The outfalls of watersheds 1 and 2 are 6

WATERSHED 1\§

Natural
channels

M

0 500 1000 FEET

|—I_I—l_' . . . . .

0 125 250 METERS Basin characteristics associated with
Figure 3. Location of outfalls and monitoring sites, urban runoff were determined for the two
Elmendorf Air Force Base, Alaska. basins. Characteristics—such as drainage area

and amount of pervious and impervious area—
were obtained through the use of a 1996 Geo-
graphical Information Systems (GIS) coverage
of the base. This coverage included cultural
Monitoring stations (fig. 3) were estab-features such as streets, sidewalks, buildings,

lished at the outfalls of watersheds 1 and Za_md open areas. Other characteristics—such as

Water-level recorders and automatic water san®2€ Of stormwater pipes and slopes of streets—

plers were installed at these two sites, and a tijj/é"e obtained from data provided by the Civil

ping-bucket rain gage was installed at thd&=ngineering Department of Elmendorf Air
watershed 1 outfall. Three additional rain gageE°rce Base.

Approach

Introduction 5



Data collected during the rainfall-runoff mary temporal and spatial distribution input
periods in 1996 and 1997 were used to calibrateariable to the runoff model, DR3M-II, used in
and verify the rainfall-runoff model, DR3M-II this study. Thus, accurate measurements of pre-
(Distributed Routing Rainfall-Runoff Model— cipitation are also necessary.

Version II; Alley and Smith, 1982a). DR3M-II
is primarily an urban runoff model for routing Precipitation
storm runoff through a system of pipes or natu-

ral channels using rainfall as the primary input. ~ During 1996, precipitation at the Anchor-
age International Airport totaled 14.32 in., of

Once DR3M-Il was calibrated, a synthe-\ ;0,7 13 i (water equivalent) was snow.

sis of past rainfall-runoff events for watershedsAI
. though the yearly total was close to the long-
1 and 2 was undertaken. This was accom- 9 yearly g

Merm mean, a comparison of individual monthl
plished by using rainfall data collected at the[ ’ P y
Anchorage International Airport from 1981 to

1995. Using this rainfall record as input to

otals with long-term mean monthly totals indi-
cated that the months of May, June, July, and
aSeptember were significantly below the mean,

) ; Whereas precipitation in August was near the
were estimated. These synthesized peak d'?ﬁean. The precipitation amounts collected by

charges were the_n’ used as input to the Watgle tipping-bucket rain gages on Elmendorf Air
Resources Council's 178 flood-frequency pro, ..o ‘gase were quite similar to those at the

gram (Interagency Advisory Committee on iroort and refl h m N le 1
Water Data, 1982) to determine the peak disrEII port and reflect the same trends (table 1).

charges and runoff volumes for different recur- In 1997, precipitation at the International
rence intervals. Airport totaled 19.26 in., of which 5.04 in.

St f d rainfall dat | (water equivalent) was snow. Comparisons of
reamriow and raintafl data were col-y, o monthly totals indicated that the months of

lected at 5-minute intervals and are stored Bune and July were below the mean, whereas

electronic format in the USGS National Water, .
Information System (NWIS). The suspended the month of May was slightly above the mean.

X i Precipitation for August and September was at
sediment data also are stored in NWIS. Th b 9 b

GIS f the urbanized ¢ El feast 2 in. above the mean. With the exception
q fz\qv'e:rage % eur anrllge da_re?ho Al mEnéf August and September, the rain gages on
ort Alr FOrce Base Is arcnived in the Alaskag, ., o nqorf reflected the same trends. Differ-

District. All data are available upon request, \-as'in trends are apparent in August and Sep-

from the USGS office in Alaska shown on Ioag‘?ember, although some of the differences can be
Il of this report. explained by the amount of precipitation
reported for August 31 (0.17 in.) and Septem-
PRECIPITATION-RUNOFF ber 1 (2.30 in.). For example, precipitation at
CHARACTERISTICS the gage operated at the International Airport
, o by the National Weather Service is reported at
In most investigations of urban water 13 noon daily; thus, the data reflect the rain that

resources, streamflow is a key variable. FOpccyrred from 12 noon on August 31 to 12 noon
example, peak runoff rates are used to desig§ly september 1.

storm drainage structures. Runoff data are used o

to compile loadings of water-quality constitu- Storm precipitation totals at the two
ents, such as suspended sediment and nutrienfétérsheds during the period August 1996 to
The runoff from a catchment or basin is highlySeptember 1997 ranged from 0.05 to 2.69 in.
dependent on the precipitation that falls withir(t@bles 2 and 3). Duration of these storms,
its drainage area. Precipitation is also the privhich mainly consisted of light or steady rain,

6 Precipitation-Runoff, Suspended-Sediment, and Flood-Frequency Characteristics for Urbanized Areas of EImendorf
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Service, oral commun., 1998). Both August
Table 1. Precipitation measured at various locations 1997 storms caused minor flooding in certain
during the study period locations on the base.

[All data in inches; --, gage not in operation; see figure 2 for location of
watershed 1 rain gages]

Runoff
Anchorage
Watershed 1 rain gage International
Airport® At the outfall of watershed 1,kmaseflow
Month component of approximately 1.5 was
Long- . .
. 3 4 5 Rain term prgsent thro_ughout the study period. During
(Outfall) gage monthly rainfall periods, runoff from watershed 1
mean® ranged from 1 to 14 percent of rainfall (table 2)
1996 and averaged 6 percent. This relatively low per-
centage of runoff is probably due to the large
May 0.3f -- -- - 0.20 0.73 . . . . .
percentage of pervious and ineffective impervi-
June 37 - - - 40 104 ous area in the basin (93 percent) and the infil-
uy 158 - - - 193 270 tration of rainfall. At the outfall of watershed 2,
A 210 175 - ~ 053 244 runoff occurred only during storms and periods
of snowmelt. Runoff ranged from 2 percent to
Sept. 187 149 157 133 193 270 33 percent of rainfall (table 3) and averaged 13
1997 percent. The higher percentage of runoff in

May 108 99 72 90 107 73 watershed 2 relative to watershed 1 is probably
due to the larger percentage of effective imper-

J .81 .84 .76 .79 .66 1.04 . . . .
une vious area (13 percent) in this basin.

July 1.68 1.62 1.54 146 1.35 2.70 . .
Spring snowmelt periods occurred from

Aug. 758 705 596 788 606 244 about March 28 to April 13, 1997, and from
Sept. 146 137 1.08 129 483 270 March 16 to April 6, 1998. During these peri-
, , ods, distinct diurnal fluctuations in flow
3Data from National Weather Service . .
bErom 1964 to the present occurred (figs. 4 and 5). Runoff increased dur-
®Data from rain gage located at runway of Elmendorf Air |ng the day When air temperatures rose above

Force Base, operated by the U.S. Air Force . . .
P g freezing and then decreased during the night as

_ ~_air temperatures fell below freezing. Compari-
ranged from 4 to 14 hours. Maximum precipi-son of runoff for the two snowmelt periods indi-
tation intensity recorded during the studycates that watershed 1 had more runoff during
period was 0.96 in/hr on August 21, 1997.  snowmelt than watershed 2. Although more

Notable storms occurred on August 215NOW fell in the winter of 1996-97 (7.13 in. of

and August 31, 1997. Each of these storm@now-water equivalent) than in the winter of
lasted approximately 12 hours and their precipt997-98 (5.04 in of snow-water equivalent), the
itation amounts (2.69 in. and 2.37 in., respec2Mount of runoff from each watershed during
tively) were significantly greater than those foith® 1997 and 1998 snowmelt periods was
any other storms that took place during th&early equivalent. In addition to plowing side-
study. In the Anchorage area, the August 21 anf@lks and streets, the Air Force picks up and
August 31, 1997 storm totals have beemauls snow to snow dumps outside of the basins
exceeded only by a storm on August 26, 198Qur|ng winter. Thus, the amount of snowfall
in which more than 6 in. of rain fell in a 48-hour€ach winter may not be an accurate indicator of

period (Larry Rundquist, National Weatherthe runoff amount.

Precipitation-Runoff Characteristics 7



Table 2. Storm rainfall-runoff characteristics of watershed 1, August 1996 to September 1997,
Elmendorf Air Force Base, Alaska

Storm Storm Runoff as Storm Storm Runoff as
Date? rainfall runoff percent of Date? rainfall runoff percent of
(inches) (inches) rainfall (inches) (inches) rainfall
8-9-96 0.36 0.012 3 6-22-97 0.16 0.007 4
8-22-96 0.56 0.014 3 7-10-97 0.78 0.046 6
8-25-96 0.11 0.002 2 7-13-97 0.12 0.006 5
8-29-96 0.12 0.001 1 7-14-97 0.19 0.019 10
8-30-96 0.07 0.004 6 7-24-97 0.33 0.018 5
8-31-96 0.07 0.003 4 8-9-97 0.74 0.067 9
9-11-96 0.05 0.001 2 8-11-97 0.39 0.040 10
9-15-96 0.24 0.014 6 8-12-97 0.39 0.045 12
9-21-96 0.37 0.017 5 8-15-97 0.18 0.011 6
9-21-96 0.31 0.007 2 8-21-97 2.69 0.307 11
9-25-96 0.29 0.014 5 8-25-97 0.14 0.008 6
9-27-96 0.07 0.007 10 8-26-97 0.56 0.058 10
9-27-96 0.18 0.007 4 8-31-97 2.37 0.316 13
5-14-97 0.17 0.005 3 9-9-97 0.22 0.028 13
5-17-97 0.15 0.005 3 9-17-97 0.13 0.013 10
5-30-97 0.57 0.039 7 9-18-97 0.27 0.037 14
6-6-97 0.15 0.007 5 9-21-97 0.11 0.008 7
6-19-97 0.38 0.018 5 9-29-97 0.08 0.004 5
Average 6

Table 3. Storm rainfall-runoff characteristics of watershed 2, August 1996 to August 1997,
Elmendorf Air Force Base, Alaska

Storm Storm Runoff as Storm Storm Runoff as
Date?® rainfall runoff percent of Date? rainfall runoff percent of
(inches) (inches) rainfall (inches) (inches) rainfall
8-9-96 0.36 0.043 12 5-14-97 0.17 0.015 9
8-22-96 0.56 0.084 15 5-17-97 0.15 0.011 7
8-25-96 0.11 0.005 4 5-30-97 0.57 0.088 15
8-29-96 0.12 0.020 17 6-6-97 0.15 0.011
8-30-96 0.19 0.010 5 6-19-97 0.38 0.029
8-31-96 0.09 0.002 2 7-10-97 0.78 0.071
9-11-96 0.07 0.005 7 7-14-97 0.19 0.062 33
9-15-96 0.24 0.038 16 7-24-97 0.33 0.067 20
9-21-96 0.37 0.061 16 8-9-97 0.37 0.024 6
9-21-96 0.31 0.036 12 8-11-97 0.39 0.011
9-25-96 0.36 0.088 24 8-12-97 0.39 0.081 21
9-27-96 0.09 0.021 23 8-15-97 0.18 0.023 13
9-27-96 0.18 0.034 19 8-21-97 0%6 0.096 14
Average 13

3Date indicates start of storm. Some storms span more than one day. On some dates, more than one storm occurred,;
for example, one in the morning and one in the afternoon.
bRepresents partial storm; gage was destroyed.
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Figure 4. Runoff from watershed 1 and watershed 2, during snowmelt period
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of March 28 to April 13, 1997, EImendorf Air Force Base, Alaska.
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Figure 5. Runoff from watershed 1 and watershed 2, during snowmelt period
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of March 16 to April 6, 1998, Elmendorf Air Force Base, Alaska.
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Peak Flows Table 4. Peak discharges from rainfall periods for

) ] watersheds 1 and 2, August 1996 to September 1997,
A comparison of the peak discharges foEimendorf Air Force Base, Alaska

the two watersheds (table 4) for rainfall period&ns/s, cubic foot per second; 3f)/m#, cubic foot per second per square

indicated that peak discharges at watershed™® " %@l
were higher than peak discharges at watersh Watershed 1 Watershed 2
2 except for three storms. During each of thes . Peak Unit Peak Unit
three storms, a higher rainfall intensity took discharge discharge  discharge  discharge
place at the beginning of the storm. The highe (#s)  [(@symi®]  ({%s)  [([S/s)mi?)
rainfall intensity combined with the amount of 8109  ©38 17 8.7 58
impervious area of watershed 2 resulted it 8229% 142 36 20.9 82.6
higher peak discharges compared with lowe 8-25-96 hd 12 e 11
intensity rainfall. As an index for comparison 8-29-9 53 13 8.2 128
between the two watersheds, the peak dis 8309 8.5 21 21 33
charges were converted to unit discharges. Th 8-31-96 7.8 2.0 0.25 39
comparison shows that in most cases, the ur 9¢-11-96 4.0 1.0 2.4 3.8
discharges for watershed 2 are higher than tt g.1596 151 3.8 7.0 10.9
discharges for watershed 1 (table 4). 9-21.96  18.1 45 9.2 14.4
Comparing the peak discharges tha 9219 103 26 9.0 141
occurred during the snowmelt periods (figure: 92596 30 7.5 185 28.9
4 and 5) with the peak discharges that occurre 92796 114 2.8 5.0 7.8
during rainfall periods (table 4) indicates that 9-27-96 7.7 1.9 4.4 6.9
the peak discharges from snowmelt were lowe s5.14.97 5.0 12 2.2 3.4
than the highest peak discharges from rainfa 5.;7.9; 51 13 23 36
periods. During the 1997 and 1998 snowmel .. ., .7 6.9 144 225
periods, the peak discharges were 8.8 and 7 - 67 17 6 a1
ft3/s, respectively, for watershed 1, and the 6.19.07 00 - 30 a7
peak discharges were 5.4 and 53sftrespec- 62907 15'8 4’0 ' '
tively, for watershed 2. During the 1996 and ' '
1997 rainfall periods, the peak discharges wer 19T 204 >1 69 108
30 and 60 fi/s, respectively, for watershed 1, 3% 47 12
and the peak discharges were 20.9 and®g ft 71497 239 6.0 20 312
respectively, for watershed 2. From the twc 72497 267 . e 458
years of data collection it appears that the¢ 8997 312 7.8 6.6 103
annual (or highest) peak discharge occurred ¢ 81197  24.4 6.1 24 38
a result of rainfall instead of snowmelt. 8-12-97  30.9 7.7 75 117
Differences in both magnitude and timing %% 7% 19 25 3.9
of flow are apparent from the discharge hydro 82197 60 15 23 359
graphs for watersheds 1 and 2 (fig. 6). Shar 82597 107 2.1 - -
peaks (i.e. rapid rise and fall of the hydrograpt 826-97  33.1 83
trace) reflect runoff from impervious surfaces 8-31-97  49.1 123
in the drainage basins, as well as the effect 9-9-97 8.8 2.2
other factors such as basin shape, size,and d 91797 14 35
tribution of precipitation. The hydrographs for ¢.1s97 288 7.2
September 25, 1996 and July 24-25, 1997 (hig g.51.97 8.0 20
intensity precipitation periods) show a rapid ¢,,45, 4~ 12
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Figure 6. Comparison of discharges of watershed 1 and watershed 2, for various rainfall periods,
Elmendorf Air Force Base, Alaska.

rise to the peak for both watersheds (fig. 6). 'SUSPENDED-SEDIMENT

these types of storms, the peak discharge f@HARACTERISTICS

watershed 1 was higher than the peak discharge ] .

for watershed 2, but the peak discharge for  In Alaska, no formal water-quality crite-
watershed 2 occurred before the peak dischar§@ are in place for suspended sediment in rela-
for watershed 1. For storms of lower intensity!On to either human health or aquatic life.
and longer duration—such as the May 30, 199klowever, sediment is a stormwater contami-
and August 12-13, 1997 storms—the peak didlant that not only poses an aesthetic concern,
charge took longer to occur. In these types dqut can exert ha.trmfull physical effects by cover-
storms, the duration of the peak discharges féRd fish spawning sites or altering habitat of
both watersheds is nearly equivalent. Waterb_enth'c organisms (U.S. Enwronmenta_l Prote_c-
shed 2 did not have as rapid a rise to the peden Agency, 1977). Suspended sediment in

discharge as watershed 1, but rather had a prgPan runoff also is likely to have other contam-
longed period of runoff. inants adsorbed onto it (U.S. Environmental

Protection Agency, 1977).
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Suspended-Sediment Concentrations sediment transported past this site consists of
silt- and clay-sized patrticles.
At the watershed 1 outfall, 198 samples

: ) . At watershed 2, a total of 25 samples
were collected during rainfall periods and ana-
. ._were collected and analyzed for suspended sed-
lyzed for suspended-sediment concentration

) u?’lent during the snowmelt periods of March
Concentrations of these samples ranged from 7997 and 1998. Concentrations of these sam-
to 1,672 mg/L, with a median value of 73 mg/L. '

Fifty-seven samples also were analyzed foples ranged from 16 to 996 mg/L with a median

sand/fine particle-size distribution. The analy-Value of 82 mg/L. Thirteen of the samples were

ses indicated that in 44 of these samples, 7?Jso analyzed for sand/fine particle-size distri-

percent or more of their sediment was finer tharqmIon and all 13 analyses indicated that 96 per-

0.062 mm. This factor indicates it is likely thatCent or more of the suspended sediment was

most of the suspended sediment transported g?er than 0.062 mm, indicating silt- and clay-

: . ized particles. On the basis of this limited
the outfall of watershed 1 consists of silt an .
. number of samples and comparison of the box-
clay particles.

plots for rainfall and snowmelt (fig. 7B), it

At watershed 1, a total of 29 samplesappears that the ranges in suspended-sediment
were collected and analyzed for suspended sedencentrations for watershed 2 during snow-
iment during the two snowmelt periods of 1997melt are smaller than ranges in concentrations
and 1998. Concentrations of these samplefer rainfall periods.
ranged from 2 to 1,293 mg/L with a median
value of 36 mg/L. Seventeen of the sample%r rainfall ! h

. . : periods were collected only during

also were analyzed for sand/fine partlcle-3|zei99

R 7. For the 96 samples collected, concentra-
distribution. In each of these samples, 83 per- .
. . tions of suspended sediment ranged from 11 to
cent or more of the sediment was finer tha

0.062 mm, indicating that most of the sus[é’394 mg/L with a median value of 999 mg/L..
Twenty of the samples also were analyzed for

pended sediment is composed of silt and cla and/fine particle-size distribution and all ana-

particles. On the basis of this limited number o o
: . lyses indicated that 92 percent or more of the
samples and comparison of the boxplots (fig: , .
: . .. “Suspended sediment was finer than 0.062 mm,
7A) for rainfall and snowmelt periods, it; "~ o .
: . indicating clay- and silt-sized particles.

appears that the range in suspended-sedimen

concentrations during snowmelt periods is At site 3, suspended-sediment samples
slightly larger than that during rainfall periods.for snowmelt periods were collected in 1997

At the watershed 2 outfall. 108 Samplesand 1998. A tota_ll of 31 samples were collected
, and concentrations ranged from 50 to 4,213

were collected for analysis of suspended sed|- . . .
mg/L with a median concentration of 576

ment during rainfall periods in 1996 and 1997. ,
Concentrations of these samples ranged from g/I__. of Fhe 1.7 s_amples analyzed for_saf‘d’ fine
particle-size distribution, all analyses indicated

to 2,783 mg/L with a median value of 115
o that 93 percent or more of each sample was
mg/L. Fifty-five of the samples also were ana-

lyzed for sand/fine particle-size distribution.Compos’eOI of silt- and clay-sized material. On

- : the basis of the limited data collected at this
The analyses indicated that in 54 of the sam-. .

. . site, comparison of the boxplots of suspended-
ples, 70 percent or more of their sediment was_ : .
. - Sediment concentrations for rainfall and snow-
finer than 0.062 mm. Thus, similar to water-

shed 1, it is likely that most of the suspendeéInEIt (fig. 79) |nd|catgs asllght.Iy larger range in
concentrations for rainfall periods.

At site 3, suspended-sediment samples

12 Precipitation-Runoff, Suspended-Sediment, and Flood-Frequency Characteristics for Urbanized Areas of ElImendorf
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SUSPENDED-SEDIMENT CONCENTRATION,
IN MILLIGRAMS PER LITER, IN LOG10 UNITS
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Figure 7. Boxplots of suspended-sediment concentrations for rainfall and snowmelt periods
for watershed 1, watershed 2, and site 3, EImendorf Air Force Base, Alaska.
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Comparing the median values of sus-Relation Between Suspended-
pended-sediment concentrations for both rainSediment Concentration and Discharge
fall and snowmelt periods clearly indicates the
differences in concentrations between the two  During rainfall-runoff periods, sediment
outfall sites and site 3. No major tributaries disis washed from the urbanized areas of EImen-
charge into the reach of channel between thdorf Air Force Base. During these rainfall peri-
two outfalls and site 3. Therefore, the increasedds, suspended-sediment concentrations at the
suspended-sediment concentrations at site 3 apgtfalls of watersheds 1 and 2 followed one of
likely the result of natural erosive effects of thetwo patterns: (1) concentrations followed fluc-
water as it flows down the steep gradient of théuations in water discharge throughout the

bluff. storm (fig. 8A) or (2) concentrations were high-
20 T T T T T 250
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L ) -200
15+ —+—  Suspended sediment |
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Figure 8. Discharge and suspended-sediment concentration during selected

rainfall periods, September 1996, for watershed 1 and watershed 2, EImendorf

Air Force Base, Alaska.
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est during the initial part of the storm—peaking
prior to the time of the peak water discharge—
and then decreased less rapidly than discharge
(fig. 8B). In comparing the suspended-sedimen*
concentrations with their concurrent discharges
(fig. 9), for each watershed, there is a range c
suspended-sediment concentrations for a give
discharge. The range in concentrations depenc
on a number of factors. One factor may be
whether the sample was collected during the o
rising or falling stage of the storm, although
this is not apparent for this study. Other factors «
may be the time of year, the antecedent condi ;
tions, or the source of runoff within the water-
shed.

During snowmelt periods, the sediment =
that has accumulated on roads and other impe i
vious areas during the winter is washed off. The O
highest sediment concentrations for the twc g
snowmelt periods occurred at the highest dis %
charges at the beginning of the snowmeli &
period. However, as the material is removec S
from the surfaces, for an equivalent discharg(%
that occurred later in the snowmelt period, the%
corresponding sediment concentration was &
usually lower. Thus a wide variation in concen- G
tration for a given discharge was evident at the %
three sites (fig. 10). No trend was apparent & &
watershed 2, but because it is difficult to mea: @
sure flow below 1 f/s during snowmelt at this
site, the discharge values may have conside!
able errors.

ER LITE

LLIGRAM

Suspended-Sediment Loads

Sediment-transport curves were devel-
oped for watersheds 1, 2, and site 3 to detel
mine the relation between instantaneous
discharge and suspended-sediment load. Sep

10’000 E T T T T T T T
1,000 - ‘*++ # 4
£ ] + ﬁ ..+ + +
L oSt #%Q+¥
100+ SR ity . ﬁfﬁ §
E [ ] ) '#. ; ° °
[ ] LJ 4:
L .:. ‘+. *%O % ]
10 3 + 1o Watgrshed 1 E
+ Rising stage 1
[ e Falling stage |
1 L 1 | L M B
1 2 5 10 20 50 100
10,000 p——r—rrrrm——r g
= + -
N
[ ]
r e, +
o ° Jdage
100 . ol g‘ﬁ:. *
[ ¢ © @ oo
10L Watershed 2|
F + Rising stage ]
r ® e Falling stage 1
1 AT T RN B
0.01 0.1 1 10 100
10,000» —T T | L
F +
+ e
%:+ ° #%#..
. +... .‘#;+
[
1,0001 N 'f * . + .
£ ° ..:# )
f‘ .“+
[
+
1001 + .
E Site 3 3
+ + Rising stage ]
e Falling stage |
10 P N B B B N
1 2 5 10 20 50 100

INSTANTANEOUS DISCHARGE,
IN CUBIC FEET PER SECOND

rate transport curves were developed for rainFigure 9. Instantaneous discharge and suspended-
fall periods (fig. 11) and snowmelt periods (fig_sediment concentration during rainfall periods for
12). The following relations were obtained bywatershed 1, watershed 2, and site 3, ElImendorf

ordinary least squares regression of the loga-
rithms of discharge and suspended-sediment
load:

Air Force Base, Alaska.

Suspended-Sediment Characteristics 15



10,000 3 T T T T T T T T T
1,000 ¢ ° 4
[
+ + + +
G 100¢ + "+, 3
= . +
— + e +
& 10l + Watershed 1
o 3 o F + 1997
0] -+
<z( L e 1998
o [ ]
o 1 1 1 . 1 1
- 0 2 4 6 8 10
S 1,000 T o T AR
=z [ ]
> 500 Watershed2 1
) + 1997 o
E e 1998 +
< + .
® 200 + .
Z r + &
i} +
O 100} + 4
% r + . .+ ]
O L ]
z ° ®
1] [ ]
s
= 20 | i
@ , +
DI 10 Ll M| PR
] 0.01 0.1 1 10
2 10,000, S
E F
2 o
)]
— . e +
1,000 - 4
g +. o ++ ° 3
.
oo -
100 L L Site 3 |
: + 1997 3
+ e 1998
10 | n n n n | n n
0 5 10 15

Figure 10. Instantaneous discharge and suspended-
sediment concentration during snowmelt periods for

INSTANTANEOUS DISCHARGE,
IN CUBIC FEET PER SECOND

watershed 1, watershed 2, and site 3, EImendorf
Air Force Base, Alaska.

16

Air Force Base, Alaska

INSTANTANEOUS SUSPENDED-SEDIMENT LOAD, IN TONS PER DAY

1,000 f———————r
F + :

100 - #t J

‘ +F ]

10¢ E
1F 3

t Watershed 1

0.1 + 1997 3

E . e 1996 ]

0.01 1 P Ll 1 I
1 2 5 10 20 50 100

1005 T T "¥w I 'E

3 . ]

0% 4
0.1f ]

i Watershed 2 ]
0.01L atershed b
: + 1997 E
00017 ° [ ] 1996 ;
F oo 1
0.0001 PR | PR | PR | L
0.01 100
1,000 E — g
100 3 E
10 3
1 3

+ ;

0.1 1 P R | A P R
1 2 5 10 20 50 100

INSTANTANEOUS DISCHARGE,
IN CUBIC FEET PER SECOND

Figure 11. Instantaneous discharge and suspended-
sediment load during rainfall periods for watershed 1,
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Figure 12. Instantaneous discharge and suspended-
sediment load during snowmelt periods for water-
shed 1, watershed 2, and site 3, Elmendorf Air Force
Base, Alaska.

Rainfall periods:

Watershed 1 Watershed 2 Site 3

L =0.019 (Q$%? L =0.27 (Q}°* L =0.35 Q%2

N =198 N =108 N =96
R =0.86 R =0.94 R =0.95
SE =0.38 SE =0.35 SE=0.24
Snowmelt periods:

Watershed 1 Watershed 2 Site 3

L =0.003 (Q§7® L =0.28(Q}’® L =0.10 Q%7

N =29 N =25 N =29
R =0.86 R =0.88 R =0.91
SE=0.44 SE =0.29 SE =0.29

In all the equations,

L is instantaneous suspended load, in tons
per day;

Q is instantaneous discharge, in cubic feet
per second;

N is number of samples;

R is correlation coefficient; and

SE is standard error of estimate, in log
units.

Although suspended-sediment loads will
vary for a given discharge, some general obser-
vations can be made from the sediment-trans-
port curves. On the basis of the equations, for
most observed discharges, the highest sus-
pended-sediment load will be transported past
site 3 and lowest suspended-sediment load will
be transported past the outfall at watershed 1
for both rainfall and snowmelt periods. For a
particular discharge, less sediment will be
transported during snowmelt periods than dur-
ing rainfall periods. A number of factors can
explain these characteristics. For example, part
of the sediment load past site 3 is likely attrib-
uted to some erosion of the natural channel
downstream from the outfalls of watersheds 1
and 2. Because sediment on impervious sur-
faces is more easily washed off than that from
pervious surfaces and because watershed 2 has

17  Precipitation-Runoff, Suspended-Sediment, and Flood-Frequency Characteristics for Urbanized Areas of ElImendorf
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more impervious area, more sediment is trand-oads were computed only if a sufficient num-
ported past the outfall of watershed 2 than paster of samples were collected throughout the
the outfall of watershed 1 for a given dischargestorm.

Finally, sn(_)wmelt periods are characterized by The computed suspended-sediment loads
a gradual increase and decrease of flow overg,

: rainfall periods ranged from 179 to
number of days. Because of this runoff characzl,OOO Ib at watershed 1 and from 23 to 18,200

teri;tic, less energy is availlable fortranqurtinqb at watershed 2 (table 5). However, at site 3,
sed_lment for snowmelt periods than f_or ra'nfa"suspended-sediment loads ranged from 8,450
periods when runoff occurs more rapidly. to 530,000 Ib. Comparing storms for which
During rainfall periods, storm loads of load data were available for all three sites (table
suspended sediment were determined fo%) indicates that the load of suspended sedi-
watersheds 1, 2, and site 3. The method of conmrent transported past site 3 ranges from 5 to 20
putation was to estimate a constituent concerntmnes higher than the combined total load from
tration corresponding to each discharge (Alleywatersheds 1 and 2. This large increase in sus-
and Smith, 1982b). This is done by linear interpended-sediment load in a relatively short
polation between measured concentrationgeach of channel (1,000 ft) with no incoming
The corresponding discharge is then multipliedributaries indicates that most of the sediment is
by the constituent concentration and an appr@robably due to channel erosion between
priate conversion factor to compute instantawatersheds 1 and 2 and site 3.
neous loads. The load curve is then integrated

) . For comparative purposes, the sus-
to determine the storm-runoff load (fig. 13). P purp

pended-sediment yields (load per area) for the
three sites were computed. The suspended-sed-
iment yields from rainfall periods ranged from

(22}

T T T T T T T 60

r variation. The average sediment yield from
watershed 2, [100 (Ib/acre)/in.], is higher than
. that from watershed 1, [78.3 (Ib/acre)/in.], but
the average yield from site 3, [705 (Ib/acre)/in.]
| i is more than three times as much as the com-

Megﬁ;}%‘ﬁ;:g’;g’g’;gf load bined yield of watersheds 1 and 2.
|

f p-O. o Measured concentration % 8.4 to 760 (Ib/acre)/in. of _runoff at watershed 1,
235 Mo . Egggggiggggfgnetraﬂon T° o  from 9.1 to 462 (Ib/acre)/in. of runoff at water-
Ea A W 1w shed 2, and from 134 to 2,520 (Ib/acre)/in. of
4 oy Q uw . . L
= § 3r | ‘{ x -30§ E runoff at site 3 (table 5). Variations in yield can
% §2— k 12~0 oe X 4203 Y be attributed to a number of factors. These may
S Lo X -100?53 include antecedent precipitation conditions,

Zol X L .1 o S rainfall intensity, storm duration, or seasonal

0.00 T T T -
|
|

o
o
o
)]
T
— - - — —{ - — %8

T
—_ - — = = — = b= = == =

~. X X
| ~“~O'6”
| |
! 1 |
] ] 1
T T T
| | |
| | |
| I I
| | |
| | |
| | |
! | |
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e melt periods to compute suspended-sediment
0 N cotoursy loads using the method used for rainfall peri-
Figure 13. Computation of measured storm- ods. For the S_nowme|t periods of 1997 and
runoff loads (hypothetical example). (From 1998, the sediment-transport equations that
Brabets, 1987.) were developed for snowmelt periods were

used to compute a daily sediment load for
watersheds 1, 2, and site 3. Using the transport
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Table 5. Suspended-sediment loads and yields from rainfall periods for watersheds 1, 2, and site 3,
Elmendorf Air Force Base, Alaska
[DA, drainage area; in., inch; Ib, pound; (Ib/acre)/in., pound per acre per inch; -- no data]

Watershed 1 (DA: 2,560 acres) Watershed 2 (DA: 410 acres) Site 3 (DA: 2,970 acres)
Suspended- Suspended- Suspended- Suspended- Suspended- Suspended-
Date Runoff sediment sedimentyield| Runoff sediment sedimentyield| Runoff sediment sediment yield
(in.) load [(Ib/acre)/in.] (in.) load [(Ib/acre)/in.] (in.) load [(Ib/acre)/in.]
(Ib) of runoff (Ib) of runoff (Ib) of runoff
8-22-96 0.014 1,300 35.6 -
8-25-96 .002 179 35.0 0.005 23 11.2
8-31-96 .003 277 36.1 -- - -- -- - -
9-11-96 -- -- -- .005 23 11.2 - - -
9-15-96 .014 958 26.7 .038 445 28.6
9-21-96 .017 922 21.2 .061 545 21.8
9-25-96 .014 1900 53.2 .088 2,250 62.4 - -
9-27-96 .007 379 21.1 .034 390 28.0
5-17-97 -- -- - .011 886 196 - - -
5-30-97 .039 16,700 167 .088 5,570 154 0.046 117,000 858
6-6-97 .007 854 47.6 .011 245 54.3 -- -- -
6-19-97 .018 910 19.7 .029 108 9.1 .019 20,000 345
6-22-97 .007 13,600 760 -
7-10-97 .046 1,200 10.0 -
7-12-97 -- -- - - - - .049 19,500 134
7-13-97 .006 250 16.3 -- - - .006 8,450 434
7-14-97 .019 421 8.6 .062 4,480 176 .025 86,200 1,160
7-24-97 .018 13,000 280 - -- -- .025 185,400 2,520
8-9-97 .067 4,500 26.4 -- - -- .061 75,900 418
8-11-97 .040 2,220 21.7 .011 734 163 .036 30,100 281
8-15-97 .011 1,250 445 .023 216 229 .013 26,300 700
8-21-97 .307 21,000 26.7 .096 18,200 462 .278 530,000 642
8-31-97 .316 8,750 10.8 -
9-9-97 .028 606 8.4 - - -- - -
9-17-97 .013 2,000 60.1 - - -- .012 9,509 254
9-18-97 .037 5,960 62.9 -
Average 78.3 100 705

equations is not as accurate as the method used1,170 Ib at watershed 2. At site 3, daily sus-
for the rainfall periods because the equationgended-sediment loads ranged from 1,340 to
represent an average rather than a discrete sah7.400 |Ib. On some days, the daily load of sus-
ple at a particular time. However, the dailypended sediment during the snowmelt period
loads were computed to make some generéiable 6) was higher than the suspended-sedi-
comparisons with the loads computed from thenent load for a particular rainfall (table 5).
rainfall periods. Comparing the average load for the two snow-
‘melt periods indicates that the load transported
st site 3 is approximately 10 times higher
an the combined load past watersheds 1 and

During the 1997 and 1998 snowmelt peri
ods, daily suspended-sediment loads rang
from 80 to 1,500 Ib at watershed 1 and from 3
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Table 6. Suspended-sediment loads and yields from snowmelt periods for watersheds 1, 2, and site 3,

Elmendorf Air Force Base, Alaska
[DA, drainage area; in., inch; Ib, pound; (Ib/acre)/in., pound per acre per inch]

Watershed 1 (DA: 2,560 acres) Watershed 2 (DA: 410 acres) Site 3 (DA: 2,970 acres)
Suspended- Suspended- Suspended- Suspended- Suspended- Suspended-
Date Runoff sediment sedimentyield | Runoff sediment sedimentyield | Runoff sediment sediment yield
(in.) load [(Ib/acre)/in.] (in.) load [(Ib/acre)/in.] (in.) load [(Ib/acre)/in.]
(Ib) of runoff (Ib) of runoff (Ib) of runoff
3-28-97 0.006 318 20.7 0.029 146 12.3 0.009 5,720 210
3-29-97 .011 361 12.8 .029 146 12.3 .013 5,720 143
3-30-97 .010 318 124 .030 152 124 .013 5,720 151
3-31-97 .005 134 10.5 .005 6 2.9 .005 2,200 148
4-1-97 .002 80 15.6 .000 0 0 .002 1,340 261
4-2-97 .010 318 124 .029 146 12.3 .013 5,720 152
4-3-97 .010 318 124 .015 47 7.6 .011 4,840 152
4-4-97 .006 157 10.2 .004 5 3.0 .006 2,200 129
4-5-97 .010 279 10.9 .015 47 7.6 .011 4,060 128
4-6-97 .007 183 10.2 .012 32 6.5 .008 3,040 133
4-7-97 .018 790 17.1 .035 206 14.4 .020 10,900 180
4-8-97 .021 1,160 215 .055 464 20.6 .026 17,400 228
4-9-97 .025 1,510 235 .010 24 5.8 .023 13,100 192
4-10-97 .021 1,060 19.6 .002 2 2.4 .018 8,930 164
4-11-97 .016 642 15.7 .000 0 0 .014 6,190 151
4-12-97 .012 408 13.3 .000 0 0 .010 4,440 144
4-13-97 .017 713 16.4 .006 9 3.6 .016 7,210 157
1997 average 515 15.0 84.2 7.3 6,400 166
3-16-98 .010 279 10.9 .028 140 12.2 .012 4,840 130
3-17-98 .005 134 10.5 .025 114 11.1 .008 3,040 132
3-18-98 .013 459 13.8 .093 1,170 30.6 .024 13,100 183
3-19-98 .007 183 10.2 .031 169 13.3 .010 4,060 132
3-20-98 .010 318 12.4 .052 419 19.6 .016 8,330 177
3-21-98 .014 515 14.4 .042 282 16.4 .018 8,930 168
3-22-98 .010 279 10.9 .028 135 11.7 .012 4,840 131
3-23-98 .012 408 13.3 .049 368 18.3 .017 8,330 164
3-24-98 .009 244 10.6 .023 100 10.6 .011 4,440 137
3-25-98 .010 318 124 .026 125 11.7 .012 5,270 145
3-26-98 .008 212 10.4 .000 0 0 .007 3,040 148
3-27-98 .007 183 10.2 .000 0 0 .006 2,740 153
3-28-98 .007 183 10.2 .000 0 0 .006 2,460 137
3-29-98 .008 212 10.4 .012 29 6.0 .008 3,360 132
3-30-98 .008 212 10.4 .000 0 0 .007 3,040 148
3-31-98 .007 183 10.2 .000 0 0 .006 2,460 137
4-1-98 .008 212 10.4 .014 38 6.6 .009 3,360 128
4-2-98 .007 183 10.2 .000 0 0 .006 2,460 137
4-3-98 .010 318 124 .022 86 9.5 .012 4,840 140
4-4-98 .015 576 15 .010 19 4.6 .014 6,690 157
4-5-98 .013 459 13.8 .000 0 0 .011 5,270 158
4-6-98 .012 408 13.3 .000 0 0 .010 4,440 144
1998 average 294 11.6 14.5 8.0 4,970 146
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2. Similar to the rainfall periods, the higher sed- Physical characteristics of the overland-
iment load at site 3 is probably due to the erclow segments and channel network such as
sion of the channels downstream from thelope, roughness, length, geometry, and effec-
outfalls of watersheds 1 and 2. On a yield basisive impervious area serve as input to DR3M-II,
the average suspended-sediment yield is highatong with unit rainfall, unit discharge, and
during rainfall periods (table 5) than duringdaily rainfall. Soil moisture accounting, infil-
snowmelt periods (table 6) for all three sites. tration, and runoff parameters, which can be
adjusted, also serve as input (table 9). Kine-
FLOOD-FREQUENCY matic wave theory is used to route runoff across
CHARACTERISTICS overland-flow segments and through the
defined channel network to the outfall of the
Long-term runoff records are not avail-watershed. Three types of kinematic routing
able for watersheds 1 and 2. To conduct a relgolutions are available (Alley and Smith
able flood-frequency analysis, flow recordsl982a): the method of characteristics, the
need to be extended in time to provide a largémplicit finite difference method, and the
data base. Several rainfall-runoff computegxplicit finite difference method. For this study,
models have been developed that can synth#ée€ method of characteristics was chosen,
size peak flows and storm runoff volumes. Fobecause it was believed to be most applicable to
this study, the Distributed Routing Rainfall-Watersheds 1 and 2, which are relatively small
Runoff Model—Version Il (referred to as and have short routing lengths.
DR3M-II), developed by Alley and Smith
(1982a) was utilized to synthesize the flowfalibration and Verification Procedures
record for additional years at watersheds 1 and  The first step in the calibration and verifi-

2. No attempts were made to synthesize longs,tion of DR3M-II was to assembile all the nec-

term runoff from snowmelt periods, primarily ggsary rainfall and flow data for watersheds 1

basins and culverts are based on runoff frofgeciged to use only storms in which the rainfall

rainfall. totaled 0.10 in. or more because no significant
amount of runoff occurred for storms less than
Rainfall-Runoff Modeling 0.10 in. of rainfall. Using this criterion, 30

storms were chosen for watershed 1 and 22

The DR3M-II is a deterministic model storms were chosen for watershed 2. Approxi-
designed to simulate urban storm rainfall-runmately half the storms were used for calibration
off processes. The basic concept of DR3M-II iind the remaining half for verification. The
to divide a watershed into subbasins, callegelection of storms used for calibration and for
“overland flow segments,” each with its ownverification was somewhat random, but efforts
distinct physical characteristics. A channel netwere made to ensure that the storms used in cal-
work, which represents the drainage pattern obration had the same characteristics as those
the watershed, is also developed. The overlaritsed in verification. For example, the two larg-
flow segments and channel network are the@st storms during the study period occurred on
combined to model the entire basin. In thisAugust 21 and August 31, 1997. Thus, one
study, watershed 1 was divided into 37 overstorm was used in the calibration process
land-flow segments and 27 channel segmentédugust 31) and one storm in the verification
(fig. 14, table 7) and watershed 2 was divideg@irocess (August 21).
into 22 overland-flow segments and 24 channel
segments (fig. 15, table 8).
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Table 7. Overland-flow and channel segment characteristics of watershed 1 used for input of DR3M-II,
Elmendorf Air Force Base, Alaska

Overland-flow segment Channel segment
Name Area Imp:rrevallous Length Slope Name Length Slope Roughness
(fig. 14) (acres) (acres) (feet) (foot/foot) (fig. 14) (feet) (foot/foot)

OFO01 158.7 22.6 1,871 0.008 CHo1 2,640 0.008 0.024
OF02 200.8 80.5 3,314 .008 CHO2 3,696 .004 .024
OFO03 101.4 6.8 532 .036 CHO3 1,109 .004 .011
OF04 92.6 20.3 722 .008 CHO04 845 .004 .011
OF05 85.1 67.7 1,035 .008 CHO05 2,851 .003 .011
OF06 50.4 40.5 1,983 .010 CHO06 1,478 .003 .011
OFO07 22.2 9.0 1,148 .010 CHO7 3,590 .004 .011
OF08 97.8 36.7 513 .009 CHO08 1,531 .004 .011
OF09 102.2 13.6 797 .008 CHO09 422 .004 .011
OF10 116.0 47.8 455 .006 CH10 634 .003 .011
OF11 30.4 18.1 161 .006 CH11 4,277 .004 .011
OF12 56.4 20.7 1,792 .006 CH12 2,640 .006 .011
OF13 68.8 41.6 1,138 .004 CH13 845 .003 .011
OF14 37.7 8.9 199 .077 CH14 2,430 .004 .011
OF15 105.3 50.5 414 .006 CH15 8,500 .006 .011
OF16 30.3 2.8 331 .033 CH16 739 .006 .011
OF17 110.7 7.5 1,205 .022 CH17 6,600 .004 .011
OF18 39.4 6.3 156 .025 CH18 8,342 .006 .024
OF19 19.7 7.7 562 .004 CH19 5,597 .007 .024
OF20 8.6 6.8 340 .006 CH20 1,373 .006 .024
OF21 17.1 8.8 1,177 .004 CH21 2,640 .004 .024
OF22 29.0 21.1 444 .008 CH22 4,013 .004 .024
OF23 70.2 13.8 718 .014 CH23 11,141 .006 .024
OF24 53.8 13.5 3,170 .007 CH24 3,750 .004 .024
OF25 51.3 8.3 848 .010 CH25 4,224 .004 .011
OF26 56.1 28.7 1,008 .010 CH26 634 .004 .011
OF27 14.4 7.9 426 .007 CH27 400 .004 .024
OF28 170.1 17.6 873 .012

OF29 38.1 18.5 253 .007

OF30 161.5 70.6 1,068 .010

OF31 73.4 33.1 378 .006

OF32 374 16.2 194 .008

OF33 30.0 5.9 200 .005

OF34 43.1 12,5 447 .017

OF35 67.6 11.6 699 .006

OF36 65.8 8.7 680 .012

OF37 314 10.3 2,162 .040

Total? 2,545

@Represents area computed by DR3M-II, within 1 percent of actual area
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Table 8. Overland-flow and channel segment characteristics of watershed 2 used for input of DR3M-II

Overland-flow segment

Channel segment

Impervious

Name Area area Length Slope Name Length Slope Roughness

(fig. 15) (acres) (acres) (feet) (foot/foot) (fig. 15) (feet) (foot/foot)

OFO01 18.6 0.0 509 0.004 CHO1 1,550 0.004 0.024
OF02 36.9 29.0 1,037 .004 CHO2 1,250 .004 .024
OF03 16.6 14.8 172 .004 CHO3 1,200 .004 .025
OF04 8.1 3.6 295 .004 CHo4 500 .004 .024
OF05 20.2 12.4 518 .012 CHO05 1,700 .003 .011
OF06 17.5 4.3 1,525 .003 CHO06 500 .003 .024
OFO07 7.8 2.6 486 .004 CHO7 1,750 .004 .011
OF08 15.1 8.4 750 .004 CHO8 1,150 .004 .011
OF09 5.5 2.0 82 .004 CHO09 700 .004 .011
OF10 5.0 1.7 168 .004 CH10 875 .003 .011
OF11 27.3 9.8 282 .006 CH11 1,650 .004 .011
OF12 30.2 5.1 312 .008 CH12 1,100 .006 .011
OF13 23.2 12.7 877 .012 CH13 1,300 .003 .011
OF14 234 7.8 887 .018 CH14 1,500 .004 .025
OF15 11.6 5.2 461 .012 CH15 1,150 .006 .011
OF16 12.6 3.0 500 .012 CH16 700 .006 .011
OF17 18.0 6.3 1,120 .006 CH17 1,250 .004 .011
OF18 29.2 13.1 1,018 .007 CH18 300 .004 .024
OF19 15.6 7.3 303 .006 CH19 300 .004 .011
OF20 19.7 7.3 381 .005 CH20 1,800 .002 .011
OF21 10.3 6.8 139 .005 CH21 4,225 .004 .011
OF22 36.6 5.9 495 .006 CH22 3,225 .004 .011

Total® 409 CH23 2,250 .004 .011

CH24 400 .004 .024

8Represents area computed by DR3M-II, within 1 percent of actual area

Table 9. Definitions of parameters used in DR3M-II
[Modified from Alley and Smith, 1982a]

Parameter

Definition

BMSN
EVC
RR

KSAT
PSP
RGF

ALPADJ

EAC

IMP

Soil moisture accounting

Soil-moisture storage at field capacity, in inches.

A pan coefficient for converting measured pan evaporation to potential evaporation.

The proportion of daily rainfall that infiltrates into the soil for the period of simulation, excluding days for whigddetail

rainfall-runoff simulations are performed.

The effective saturated value of hydraulic conductivity, in inches per hour.

Infiltration

Suction at wetting front for soil moisture at field capacity, in inches.

Ratio of suction at the wetting front for soil moisture at wilting point to that at field capacity.

Runoff

A calibration factor used to adjust the routing parantetetpha). The parametarcontains the effects of roughness, bed
slope, and geometry

A multiplying factor to adjust the initial estimate of effective impervious area. Effective impervious areas anepthiage
ous surfaces that are directly connected to the channel system.

The maximum depth of rainfall held in irregularities in impervious surfaces and unable to run off, in inches.
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After the rainfall, flow, overland-flow
segment, and channel segment data were com-
piled, the following procedures were used to
calibrate DR3M-II for both watersheds.

(1) The parameters IMP and EAC (table 9)
were optimized using only storms for
which runoff is largely from the effective
impervious area of the watershed. These
types of storms had between 0.11 and 0.17
in. of rain and because runoff is assumed t{3) After calibration of runoff volume was com-
be only from the effective impervious area, plete, the model was run to calibrate peak
the soil moisture accounting and infiltra- discharge and hydrograph timing. This
tion parameters are not adjusted. The gen- was accomplished by adjusting the factor
eral procedure for optimizing IMP and ALPADJ (table 9), which modifies the
EAC is to determine the maximum depth roughness and slope of channel and over-
of retention on impervious surfaces, IMP, land-flow segments. A value of ALPADJ
for each watershed by use of the following  greater than 1.0 effectively increases the

accounting and solil infiltration parameters
(table 9). In order to optimize these param-
eters correctly, only storms in which 0.50
in. or more of rainfall occurred were used,
because it was believed that at least 0.50 in.
of rain was needed for pervious runoff to
occur. Alley and Smith (1982a) suggest
ranges in values for these parameters,
which were used in this study.

equation: slope and decreases the roughness, result-
_ ing in an increased peak flow and
IMP = (RF)(EIA) - (VOL) decreased time to the peak. Values of ALP-
where ADJ less than 1.0 produce the opposite

RF is total rainfall, in inches; results.

ElAis effective impervious area, as a
decimal fraction; and

VOL is volume of runoff, in inches.

AveragelMP for each station equals

The simulation errors during the calibra-
tion process were summarized using the
median absolute deviation (MAD), in percent:

2IMP
Number of storms for the station

The average value t¥1P was entered into \ypere e is( !

the model and parameter EAC optimized.
If the optimized value of EAC was greater

MAD = 100 x{ mediafe;[}

X _)A(i) and

x; and% are thé" measured and simu-

than 1.00, the model is indicating that the
amount of effective impervious area input

to the model needs to be increased. If thdhe MAD statistic was used to summarize
optimized value of EAC was less thanerrors for two reasons: (1) the MAD statistic

1.00, the model is indicating that thehas the advantage of being insensitive to outli-

amount of effective impervious area inputers (Alley, 1986), and (2) comparisons could be

to the model needs to be decreased. Thuglade with Alley’s study (1986), which summa-
the goal of this procedure is to adjust thdized MAD statistics for calibration and verifi-

value of effective impervious area and IMpcation of DR3M at 37 catchments. If the MAD
until the optimized value of EAC remains Statistics were comparable to the results from

at 1.00. Alley’s study, it was believed that the model

. was sufficiently calibrated and verified. If the

(2) The model was calibrated for runoff vol-\,ap statistics were not comparable to Alley’s
umes by optimizing the soil moisture g,qy the calibration procedure was repeated.

lated values, respectively.

26  Precipitation-Runoff, Suspended-Sediment, and Flood-Frequency Characteristics for Urbanized Areas of EImendorf
Air Force Base, Alaska



Before the re-calibration procedure began _

input data were rechecked and reasonabl ;:?al.i]]é?éril?j’l Sﬂgﬁﬁsﬂor selected
adJUStmentS to parameters—such as the SlOF [See table 9 for definition of parameters]
and roughness of the overland-flow and chan

nel Segments_were made. Parameter Watershed 1 Watershed 2
Results Soil moisture accounting
BMSN 5.20 2.20

For both watersheds in the calibration of

oS EVC 75 75
EAC, the model indicated that the amount of

L . RR 71 71
effective impervious area needed to be -
decreased. The fact that the amount of effectiv L
impervious area needed to be changed was n  KSAT 40 18
unexpected because any approach used = PSP 1.10 51
determine effective impervious area is subjec  Rrcr 7.80 5.10
tive. For example, it is often difficult to deter- S
mine WhICh part of a house roof is effec.tlve ALPADJ 1.00 130
impervious area, particularly for houses with a

: EAC 1.00 1.00
downspout close, but not connected, to a drive o8
IMP .07 .

way. Streets without curbs and gutters alsc
present a problem. From the original estimate:
of 1.0 m? and 0.22 nfi of effective impervious
area for watersheds 1 and 2, the final values  The final model runs for the calibration
used were 0.28 rhiand 0.08 nfi, respectively. and verification of runoff volumes for water-
For watershed 1, most of the difference was dusheds 1 and 2 were fairly consistent with Alley
to changing the runway area from effectivg1986) (tables 11-14). The MAD statistics were
impervious area to non-effective impervious22 and 23 percent respectively, for calibration
area. For watershed 2, the major difference wasd verification for watershed 1, and 20 and 18
due to changing the housing areas (roofs, sid@ercent, respectively, for calibration and verifi-
walks) from effective impervious area to non-cation for watershed 2. Alley’s value of 19 per-
effective impervious area. The final values foicent for calibration is somewhat lower than the
IMP were 0.07 and 0.08 in. respectively, forvalues determined for both watersheds, but the
watersheds 1 and 2 (table 10). verification values for both watersheds are
In calibrating the soil moisture account-'oWer than Alley’s value of 24 percent. Efforts
ing and infiltration parameters, EVC and rRVere made to further lower the MAD statistics

did not have any effect on the model output anfP" runoff volume at b(l)th watersheds, but ?Io
were left unchanged (table 10). The remaining€2/IStic or acceptable adjustments to the
parameters did affect the runoff volumes andparameters could be found. However, the final

the final values of these parameters were diffef/AD statistics were believed to be acceptable

ent from the initial estimates. Values for param@nd the model was considered to be calibrated

eters BMSN, KSAT, PSP, and RGF were highefNd Verified for runoff volume.

for watershed 1 than for watershed 2, most  The final values for ALPADJ were 1.00
likely because watershed 1 has the largefor watershed 1 and 1.30 for watershed 2 (table
amount of pervious area. All values for soil10), within the limits recommended by Alley
moisture accounting and infiltration wereand Smith (1982a). Comparisons between
within the ranges recommended by Alley andbbserved and simulated discharges for water-
Smith (1982a).
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Table 11. Summary of DR3M-II calibration results for watershed 1, EImendorf Air Force Base, Alaska
[in., inch; ft3/s, cubic feet per second; MAD, median absolute deviation]

Runoff volume Peak flow
Storm Rainfall
date (in.) Observed  Simulated Obs-Sim Observed  Simulated Obs-Sim
(in) (in) W‘ (ft%/s) (ft%)s)  [TObs
1996
8-10 0.36 0.013 0.019 46 5.2 6.8 31
8-25 A2 .003 .005 66 3.3 3.2 3
9-21 .37 .017 .020 13 16.5 15.1
9-25 .29 .014 .017 21 28.2 25.6
9-27 A7 .007 .008 14 5.8 4.4 29
1997
5-17 .15 .005 .007 40 5.1 5.7 12
5-30 .57 .037 .036 3 27.7 25.1 9
7-10 .96 .044 .063 31 20.4 23.7 16
7-14 .25 .018 .014 22 23.9 18.4 23
7-24 .33 .017 .023 35 26.7 35.2 32
8-11 .52 .038 .032 16 24.4 19.3 21
8-15 .18 .011 .008 27 7.6 5.0 34
8-25 14 .008 .007 12 1.7 9.9 7
8-31 2.37 .303 .280 8 48.3 (®) --
9-17 .18 .012 .009 25 14.0 6.6 53
MAD 22 21
Alley (1986) 19 20

aSimulated peak discharge not used because of surcharging

shed 1 (fig. 16) showed that peak discharges  One notable output feature of DR3M-II
were similar; however, the timing of the peakwas the indication adurcharging at watershed
discharges did not always coincide. For waterl channel segments 4 and 9 during the storms
shed 2, comparisons between observed araf August 21 and 31, 1997. DR3M-II will indi-
simulated discharges showed good agreemeanate surcharging when the capacity of circular-
in the shape of the hydrographs (fig. 17). Simupipe segments is exceeded. DR3M-II does not
lated peak discharges were variable: some weeecount for pressurized flow in pipes and thus
higher and some were lower than the observethe actual discharge occurring in the pipe is
peaks. In general, the timing of the simulategrobably higher than the discharge indicated by
peak discharges coincided with that of thehe model. When surcharging occurs, the model
observed peak discharges. The MAD statistic&tores” the water arriving at the upstream end
for calibration and verification for both water- of the segment in excess of the segment capac-
sheds for peak discharges were the same dy. The volume stored increases without upper
below those of Alley’s (tables 11-14), and thudimit as the upstream inflow exceeds segment
the model was assumed to be fully calibratedapacity. After the upstream inflow drops
and verified for peak discharge. below segment capacity, the volume stored is

28 Precipitation-Runoff, Suspended-Sediment, and Flood-Frequency Characteristics for Urbanized Areas of ElImendorf
Air Force Base, Alaska



Table 12. Summary of DR3M-II verification results for watershed 1, Elmendorf Air Force Base, Alaska
[in., inch; s, cubic feet per second; MAD, median absolute deviation]

Runoff volume Peak flow
Storm Rainfall
date (in.) Observed  Simulated Obs-Sim Observed  Simulated Obs-Sim
(in) (in) W‘ (ft%/s) (ft%/s) Obs
1996
8-22 0.33 0.015 0.018 20 12.6 14.8 17
8-31 A3 .003 .003 0 6.0 3.4 43
9-15 27 .015 .013 13 13.3 12.0 10
9-21 .20 .007 .009 28 8.4 7.7 8
9-27 A1 .006 .005 17 9.5 5.2 45
1997
5-14 A7 .005 .007 40 5.0 5.1
6-19 .38 .017 .021 23 9.0 9.3
7-14 .25 .018 .014 22 23.9 18.0 25
8-9 77 .064 .047 26 31.2 23.1 26
8-12 .50 .043 .032 26 3.9 26.2 15
8-21 2.26 .294 .319 8 60 (@) --
8-26 .56 .055 .043 22 33.1 331 0
9-9 22 .026 .011 58 8.8 3.8 56
9-18 27 .036 .021 42 28.8 29.1 1
9-21 A1 .008 .005 38 8.0 4.9 38
MAD 23 17
Alley (1986) 24 21

aSimulated peak discharge not used because of surcharging

released to the segment. The upstream inflow tzeing exceeded in a given year. The occurrence
the segment remains at the maximum capacigf a 50-year flood in one year does not exclude
until the water stored at the upper end of thahe possibility that a flood of equal or greater
segment has been released. In summary, wharagnitude will occur in the following year.
surcharging occurs, the volume of runoff water

is not lost by the model, but the simulated peakethod

discharges may be in error because the model  \4.. DR3M-II was calibrated and veri-

does not account for pressurized flow in piloesfied, it was used to generate annual peak flows
and volumes for a long-term period. This was
Flood-Frequency Analysis accomplished by obtaining long-term precipi-
. . tation data from the site at the Anchorage Inter-
.A flood-frequency _anaIyS|S defines thenational Airport. Data were used from this site
fe'a“of‘. of flood magmtuo!e to exceedenceOecause they were available in both an hourly
probability or to recurrence interval. A 50-year, ormat and a daily format. Long-term daily

Lecurrencg |3terval flood is a discharge ?;t wil vaporation data from a site at Palmer, about 40
N ?XC?;" €d. 03 a\./te;]age, %ngg evetr)y b'I'tye i from EImendorf Air Force Base, were avail-
or, in other words, it has a 0.02 probability of .« - 4 4150 used.
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Table 13. Summary of DR3M-II calibration results for watershed 2, EImendorf Air Force Base, Alaska
[in., inch; ft?’/s, cubic feet per second; MAD, median absolute deviation]

Runoff volume Peak flow
Storm Rainfall
date (in.) Observed  Simulated Obs-Sim Observed  Simulated Obs-Sim
(in) (in) ""665'"‘ (ft%/s) (ft%)s)  [TObs
1996
8-10 0.37 0.043 0.037 14 3.7 1.9 49
8-25 A2 .005 .009 80 T 1.8 71
8-30 19 .010 .017 70 21 2.2 5
9-21 37 .057 .043 30 9.2 5.6 38
9-25 .29 .053 .058 9 18.5 2.2 9
1997
5-14 A7 .015 .015 0 2.2 2.0 9
5-30 .53 .088 .091 3 14.4 13.0 17
7-10 .78 .071 .099 39 6.9 5.0 28
7-14 .25 .062 .050 20 2.0 21.6
8-9 .37 .024 .042 75 6.6 7.1
8-15 .18 .023 .019 17 25 1.7 32
MAD 20 17
Alley (1986) 19 20

Table 14. Summary of DR3M-II verification results for watershed 2, Elmendorf Air Force Base, Alaska
[in., inch; f13/s, cubic feet per second; MAD, median absolute deviation]

Runoff volume Peak flow
Storm Rainfall
date (in.) Observed  Simulated Obs-Sim Observed  Simulated Obs-Sim
(in.) (in.) ‘W‘ (ft%s) (ft%s) ‘W
1996
8-22 0.56 0.084 0.100 16 20.9 16.0 23
8-29 A2 .020 .013 35 8.2 3.5 57
9-15 27 .038 .027 29 7.0 5.6 20
9-21 31 .036 .040 11 9.0 9.0 0
9-27 A7 .034 .016 53 4.4 1.6 63
1997
5-17 15 .011 .013 18 2.3 2.1
6-6 .15 .011 .013 18 2.6 2.4
6-19 .38 .029 .038 31 3.0 2.8
7-24 .33 .067 .068 1 28.0 33.9 21
8-12 .39 .081 .045 44 7.5 5.0 33
8-21 .63 .096 .109 13 23.0 23.7 3
MAD 18 20
Alley (1986) 24 21

30 Precipitation-Runoff, Suspended-Sediment, and Flood-Frequency Characteristics for Urbanized Areas of EImendorf
Air Force Base, Alaska



—— Observed | it —— Observed
6 .......... Simulated - L """""" Simulated

20 -

10 -

1200 1600

0600 0800 1000 1200 ~ 0800

August 29, 1996 September 25, 1996
30 T T 25 -
—— Observed 20 r Obselrvet;I
F . 1 b il e Simulate
ool Simulated |

DISCHARGE, IN CUBIC FEET PER SECOND

151

100

10 11 12
July 1997 July 14, 1997

Figure 16. Observed and simulated discharges for various storms at watershed 1,
Elmendorf Air Force Base, Alaska.

Peak discharges and storm runoff volimittee on Water Data, 1982) to determine flood-
umes were generated for the period 1981-9%tequency statistics for the two watersheds.
For the simulation period, 10 to 22 rainfall peri-
ods were used as input to the DR3M-II. A rainResults
fall period was chosen as input to the DR3M-II
if more than 0.30 in. of rain fell. The model
determined the peak discharge and runoff vo
ume for each rainfall period, and the highe
discharge and volume simulated by the mod
each water year was considered as the ann
peak flow and peak volume of runoff. The pea%

For both watersheds, many of the simu-
ated storms indicated that surcharging took
place during the particular storm (tables 15-16).
he storms during which no surcharging took
lace had peak discharges and runoff volumes

ilar to those that were recorded during the
tudy period. It is uncertain whether or not sur-
harging indicated by the model at a particular
annel segment actually occurred or if pres-
urized flow occurred instead. If pressurized
flow did occur in the pipe segments, the actual

discharges and runoff volumes for the 1981-9
period as well as the 1996-97 values were the
analyzed according to the guidelines publishe
in Bulletin 17B (Interagency Advisory Com-
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Figure 17. Observed and simulated discharges for various storms at watershed 2,
Elmendorf Air Force Base, Alaska.



Figure 17. Observed and simulated discharges for various storms at watershed 2,
Elmendorf Air Force Base, Alaska.

discharge would be higher than the predicted
discharge. Because of this uncertainty, a flood- The values produced by the flood-fre-

frequency analysis was not done for the peaﬂuency analysis are reasonable_. A higher per-
discharges. However, since DR3M-II ade-centage of runoff occurred during the study

quately accounts for the volume of runoff ever{OeriOd at Waters_hed 2 thaq at watershed 1 (table
if surcharging occurs, the flood volumes wer 7). The analysis also indicated that the runoff

: i - rom the storm of 1989 was approximately a
analyzed using flood-frequency techniques. 100-year flood, which agrees with the observa-

The simulated runoffs were analyzedtions made at several USGS gaging stations in
using techniques described in Bulletin 17Bthe Anchorage area (U.S. Geological Survey,
(Interagency Advisory Committee on Water1990). Thus, these values could be used as a
Data, 1982). On the basis of this analysis, storfguide in properly designing a sedimentation

runoffs and their associated recurrence inteihasin to accommodate a flood of a particular
vals were determined (table 17). recurrence interval.
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Table 15. Simulated runoff volumes and peak
discharges, 1981-95, watershed 1, Elmendorf
Air Force Base, Alaska

[in., inch; flsls, cubic feet per second; --, peak discharge not listed
because of surcharging]

Table 16. Simulated runoff volumes and peak
discharges, 1981-95, watershed 2, Elmendorf Air
Force Base, Alaska

[in., inch; ft3/s, cubic feet per second; --, peak discharge not listed
because of surcharging]

Storm  Runoff Peak Storm  Runoff Peak
Year rainfall volume discharge Remarks Year rainfall volume discharge Remarks
(in.) (in.) (ft3/s) (in.) (in.) (%)

1981  0.80 0.114 - Surcharging at channel 1981 0.80 0.306 - Surcharging at channel
segments 4, 6 segments 4, 6, 8, 9, 11

1982 1.28 133 -- Surcharging at channel 1982 1.28 533 -- Surcharging at channel
segments 4, 6 segments 8, 9, 11, 19

1983 .46 037 35 Nosurcharging 1983 46 093 24 Naosurcharging

1984 1.64 158 - Surcharging at channel 1984 1.64 665 - Surcharging at many
segments 4, 6, 9 channel segments

1985 .66 .088 -- Surcharging at channel 1985 .66 304 - Surcharging at many
segments 4, 6, 9 channel segments

1986 .96 .083 - Surcharging at channel 1986 .96 281 - Surcharging at many
segments 4, 6, 9 channel segments

1987 .36 .068 40 Nosurcharging 1987 .36 .140 28 Nosurcharging

1988 .79 057 -- Surcharging at channel 1988 .79 143 -- Surcharging at channel
segments 4, 6 segments 8, 9, 11, 19

1989 6.05 2.17 -- Surcharging at many 1989 6.05 3.99 -- Surcharging at many
channel segments channel segments

1990 1.12 162 - Surcharging at channel 1990 1.12 562 - Surcharging at many
segments 4, 6, 9 channel segments

1991 141 157 - Surcharging at channel 1991  1.41 652 - Surcharging at many
segments 4, 6, 9 channel segments

1992 1.16 A11 -- Surcharging at channel 1992 1.16 524 -- Surcharging at many
segments 4, 6 channel segments

1993 57 098 -- Surcharging at channel 1993 .57 .289 - Surcharging at many
segments 4, 6, 9 channel segments

1994 .87 076 -- Surcharging at channel 1994 .87 220 41 Nosurcharging
segments 4, 6 1995 .97 219 30  Nosurcharging

1 .97 071 N hargi

995 9 0 30 osurcharging 1996 .29 119 21 Recorded at gage
1996 .29 014 28 Recorded at gage 1997 269 9
1997 2.69 294 60 Recorded at gage

3o peak discharge determined for 1997 because of the destruc-

tion of the gage during the August 21 storm

Table 17. Storm runoffs and recurrence intervals,

watersheds 1 and 2, Elmendorf Air Force Base, Alaska

Recurrence

Runoff (inches)

interval

Watershed 1

Watershed 2

2-year
5-year
10-year
25-year

0.08
.20
.39
.78

0.29
.67
1.10
2.00
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verified for the two developed watersheds,

Usina a 15-vear period of rainfall annuallmpervious area, effective Impervious areas that are
g y P ! directly connected to the channel drainage system, and

peak _discharges and ﬂQOd volumes for the o not drain to pervious areas. Streets with curbs and
two sites were determined from 1981 to  gutters, roofs that drain onto driveways, and paved park-
1995. Flood-frequency techniques were ing lots are examples of effective impervious areas.
then used to determine flood volumes fotmpervious areas, noneffectivelmpervious areas that drain
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flood. 0.39 in. of runoff (averaged over theRainfaII runoff. That part of the water from a rainstorm that

. . . appears at the outlet of a drainage basin.
entire drainage basin) would occur from theS Water f i hat tthe out
large watershed and 1.10 in. of runoff>"1et-Water rom meting showthat appears atthe out

let of a drainage basin.
would occur from the small watershed. Surcharging. A term used by the DR3M-II to indicate

ponding or backwater. Surcharging occurs when the model
routes flow though a pipe ag O}he capacity of the pipe is
exceede
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	BMSN
	Soil-moisture storage at field capacity, in inches.
	EVC
	A pan coefficient for converting measured pan evaporation to potential evaporation.
	RR
	The proportion of daily rainfall that infiltrates into the soil for the period of simulation, exc...
	KSAT
	The effective saturated value of hydraulic conductivity, in inches per hour.
	PSP
	Suction at wetting front for soil moisture at field capacity, in inches.
	RGF
	Ratio of suction at the wetting front for soil moisture at wilting point to that at field capacity.
	ALPADJ
	A calibration factor used to adjust the routing parameter a (alpha). The parameter a contains the...
	EAC
	A multiplying factor to adjust the initial estimate of effective impervious area. Effective imper...
	IMP
	The maximum depth of rainfall held in irregularities in impervious surfaces and unable to run off...
	MAD
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