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ABSTRACT 

EDGAR, D. E. 1978. An analysis of infrequent hydrologic 
events with regard to existing streamflow monitoring 
capabilities in White Oak Creek watershed. 0RNL/TM-6542. 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 
56 pp. 

The quantity and concentration of radionuclides released to the 
environment by ORNL must be monitored continuously and accurately in 
order to ensure compliance with legal requirements established by 
Federal and state guidelines. Of the five streamflow monitoring sta-
tions located within White Oak Creek watershed, stations 3, 4, and 5 
are of primary importance in quantifying the flux of water, sediment, 
and radionuclides through the drainage basin. Currently, the maximum 

3 
measurable discharge at these three stations are 1.42 m /sec (50 
cfs), 0.54 m 3/sec (19 cfs), and 4.25 m 3/sec (150 cfs), respectively. 

Estimates of flood magnitude and frequency indicate that even 
small floods which are expected to recur often are significantly larger 
than the existing monitoring system can measure. Several independent 
studies have shown that most of the sediment transported from a water-
shed is carried by larger, less frequent streamflows which occur only a 
small percentage of the time. It also has been shown that certain 
radionuclides are transported in association with fluvial sediment. 
Thus, the flux of radionuclides, both in solution and associated with 
sediment, increases significantly during flood conditions. 

Estimates of peak discharges resulting from recent storms indicate 
that the drainage system has experienced variable flood conditions 
during the past few years for which no accurate and reliable records 
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exist. Flow duration data imply that measuring capacity of the moni-
toring station should be exceeded only a small amount of time each 
year. Streamflow data collected at these locations demonstrate that 
flows have exceeded present capacity more often than expected from 
these relationships. Based upon these observations, it is concluded 
that the streamflow measuring capacity of the existing system must be 
increased and equipment installed tc collect flow-proportional samples 
to permit data collection during flood conditions. 

A conceptual engineering design has been completed to upgrade and 
expand monitoring stations 3, 4, and 5 to measure flood flows with 
expected recurrence intervals exceeding 25 years. Installation of 
these facilities is necessary to ensure compliance with legal and envi 
ronmental constraints and serve present and projected research needs 
within the watershed. 
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INTRODUCTION 

The magnitude, frequency, duration, and variation of streamflow 
reflect the hydrologic rpsponse of a watershed to climatic input. All 
of these attributes must be known in order to understand fluvial pro-
cesses operative within a drainage basin and to quantify the flux of 
materials through the system. Relatively small-magnitude flows which 
occur most frequently can transport significant quantities of mate-
rials, particularly those in solution. However, during the compara-
tively short periods of time when streams are in flood, an inordinate 
amount of materials can be transported from a watershed. These large, 
infrequent Plows have the capacity to entrain and remove materials 
which would otherwise remain within the confines of the catchment. 
This fact becomes particularly significant in the case of White Oak 
Creek watershed because of the large inventory of radionuclides present 
within the drainage basin. 

In order to satisfy legal requirements established by Federal and 
state environmental guidelines, the quantity and concentration of radio-
active materials released to the environment by ORNL must be monitored 
continuously and accurately. A network of streamflow monitoring sta-
tions has been installed within White Oak Creek watershed for this 
purpose. However, an examination of streamflow records collected at 
these sites during the past few years raises the question as to the 
adequacy of the existing system to measure streamflow throughout the 
expected and observed range of values. The purpose of this report is 
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to review briefly a portion of the recent flood record for White Oak 
Creek, to present estimates of flood magnitude and frequency for this 
drainage basin based upon regional and local hydrologic analyses, and 
to evaluate the adequacy of the existing monitoring system in terms of 
these data. 

Use of the Metric System 

The basic data used in this report were measured with English units 
of measurement; subsequent data compilation and analyses were also made 
and reported in English units with few exceptions. Currently, stream-
flow data collected by the U. S. Geological Survey are measured and 
reported in English units; and the majority t" available flow measure-
ment and sampling equipment, as well as engineering design methodology, 
utilize English units. For these reasons, all equations reported herein 
are in English units. Equivalent metric units are given in the text 
and illustrations where possible. Due to space limitations, only 
English units are shown in tables. 

WHITE OAK CREEK WATERSHED 

Physical Description 

White Oak Creek watershed has a drainage area of 16.8 km (6.5 
sq miles) at its mouth where it flows into the Clinch River. The basin 
is located within the Tennessee Section of the Ridge and Valley Physio-
graphic Province. The topography consists of parallel, northeast-
southwest trending ridges and valleys formed by differential erosion of 
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alternating weak and resistant rock strata. A mantle of residual mate-
rial covers bedrock to a depth ranging from a few fe°t to more than 
30.5 m (100 ft) (McMaster and Waller 1965). The northern drainage 
divide of the basin is formed by Chestnut Ridge whereas the crest of 
Copper Ridge forms the southern divide. Haw Ridge bisects the basin 
and separates Bethel Valley on the north from Melton Valley to the 
south. Maximum local relief in the watershed in 187.5 m (615 ft). 

White Oak Creek heads on Chestnut Ridge northeast of ORNL and 
flows through the southern portion of the Laboratory area proper. A 
short distance south of the Laboratory the creek passes through a water 
gap in Haw Ridge and thence flows south-southwestward in Melton Valley 
where it is joined by Melton Branch (Fig. 1). The drainage is 
impounded by an earth dam approximately 0.8 km (0.5 mile) above the 
basin mouth. This dam forms White Oak Lake, a shallow reservoir of 
approximately 8.1 ha (20 acres) area! extent. The channel area below 
White Oak Dam resembles a large mud flat and is a site of active 
erosion-sedimentation processes, depending upon water level fluctua-
tions in the Clinch River and to a lesser extent those in White Oak 
Lake. Water level in the Clinch is determined primarily by the rela-
tive release rates at Melton Hill and Watts Bar dams. During high 
stage on the Clinch, backwater extends up the channel to White Oak Dam 
and forms an embayment. Due to this regulated condition, the watershed 

2 
is generally considered to be the 15.5 km (6.0 sq miles) of drainage 
area above White Oak Dam. 
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Fig. 1. Map showing drainage system of White Oak Creek Watershed and locations of waste 
disposal sites and monitoring stations. 
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Streamflow Monitoring System 

A network of five monitoring stations is currently in operation to 
monitor radionuclide content and streamflow in the drainage system of 
the watershed (Fig. 1). Station 1 monitors the effluent from the ORNL 
Process Waste Treatment Plant which discharges into the creek. Station 
2, located on White Oak Creek a short distance upstream, provides data 
on radionuclide content and streamflow upstream from the point of 
effluent discharge from the Process Waste Treatment Plant. Although 
these two stations provide necessary background data, monitoring sta-
tions 3, 4, and 5, owing to their strategic location, are of principal 
utility and concern in defining hydrologic parameters and quantifying 
radionuclide transport through the watershed. 

Station 3 is located on White Oak Creek a short distance above the 
confluence with Melton Branch (Fig. 1). This station measures the 
streamflow, both surface runoff and ground-water components, arising 
from Chestnut Ridge, Bethel Valley, and portions of Haw Ridge and 

o 
Melton Valley. This represents approximately 9.3 km (3.6 sq miles) 
of drainage area. Water flowing past station 3 contains radionculides 
which can originate from ORNL plant effluents; solid waste disposal 
areas (SWDA) 1, 2, 3, 4, and portions of 5; contaminated floodplain 
sediments; and other potential sources (Fig. 1). Station 4 is located 
on Melton Branch a short distance above the confluence with White Oak 2 
Creek. This station measures streamflow originating from the 3.9 km 
(1.5 sq miles) of Melton Valley and portions of Haw and Copper ridges 
above this point. Possible sources of radionuclides within this 
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portion of the watershed include portions of SWDA 5, several experimen-
tal reactor test sites, and other contaminated areas. Monitoring sta-
tion 5 must measure stre^mflow from the entire 15.5-km (6.0 sq 
miles) drainage area above White Oak Dam. This station is particularly 
important because it represents the final monitoring and control point 
before water and sediment enter the Clinch River a short distance down-
stream. Additional sources of contamination not monitored at stations 
3 or 4 include SWDA 6, intermediate-level liquid waste (I.L.W.) pits 
and trenches, and White Oak Lake mud flats and bottom sediments 
(Fig. 1). Therefore, the quantification of hydrologic transport of 
radionuclides through White Oak Creek watershed to the Clinch River is 
dependent upon the ability of monitoring stations 3, 4, and 5 to mea-
sure stream discharge and collect flow-proportional water and sediment 
samples through a wide range of hydrologic conditions. 

Cipolletti weirs provide discharge data at stations 3 and 4. The 
maximum measurable discharge at each site is determined by the size of 
the weir opening and can be calculated from the equation: 

Q = 3.367 L H 3 / 2 , (1) 

where Q is discharge in cubic feet per second (cfs), L is length of the 
weir crest in feet, and H is the head in feet. Applying this formula 

3 to the measured weir openings at stations 3 and 4 yeilds 1.52 m /sec 
3 

(53.5 cfs) and 0.54 m /sec (19.1 cfs), respectively. Rating tables 
for these structures supplied by the U. S. Geological Survey (B. J. 
Frederick, personal communication 1977) indicate that the maximum flow 

3 3 which can be measured is 1.40 m /sec (49.4 cfs) and 0.53 m /sec 
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(18.6 cfs). Thus the maximum measurable discharge at stations 3 and 4 
3 3 are approximately 1.42 m /sec (50 cfs) and 0.54 m /sec (19 cfs), 

respectively. Discharge data at station 5 are obtained by means of a 
rating curve developed by the U. S. Geological Survey for the sluice 
gate of the dam. This rating indicates a flow of 5.61 m /sec (198 
cfs) at maximum head. However, T. W. Oakes (personal communication, 
1978) of ORNL has noted that measurements in excess of 4.25 m 3/sec 
(150 cfs) are subject to increased and significant error; therefore, 
this latter value represents an effective upper limit of measurement. 

Some measure of the adequacy of the present discharge measuring 
system can be obtained when the flow capacities are compared to data 
and relationships derived from local and regional hydrologic investiga-
tions. McMaster (1967) summarized hydrologic data ;or the Oak Ridge 
area and presented duration curves for the mean daily flow of Melton 
Branch and White Oak Creek at White Oak Dam. Representative discharge 
values, the corresponding flow duration, and the period of record from 
which these data were derived are given in Table 1. These data and the 
curves presented by McMaster (1967, Figs. 11 and 12) indicate the maxi-
mum measurable discharges at stations 4 and 5 (19 cfs and 150 cfs) have 
respective flow duration values of 2.0 and 0.15%, respectively. This 
means that, on the average, mean daily discharge at White Oak Dam (sta-
tion 5) for the five years of record was equal to or greater than 4.25 
3 

m /sec (150 cfs) only 0.15% of the time (approximately 0.5 
days/year). Similarly, the mean daily discharge on Melton Branch (sta-
tion 4) was equal to or greater than 0.54 m / s e c (19 cfs) for 2.0% of 
the seven-year record (approximately 7 days/year). Based upon these 



Table 1. Daily flow duration values (cfs) for White Oak Creek and Melton Branch (data from McMaster 1967) 

Percentage of time indicated discharge was equalled or exceeded 
99.9 99 90 8 0 70 60 50 40 30 20 10 1 0.1 

— — _ _ _ _ _ oo 

White Oak Creek 
at White Oak Dam 
(1953-55, 1960-53) 1.7 1.9 3.3 4.4 5.3 6.3 7.3 8.7 11.0 15.0 23.0 100.0 250.0 
Melton Branch (1956-1963) 0.00 < 0.10 0.22 0.36 0.50 0.69 0.92 1.30 1.80 2.80 5.0 28.0 65.0 
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data, mean daily streamflow at these two locations exceeded the present 
measuring capacity for a relatively small percentage of the period of 
record. However, it should be noted that during any given day, 
observed peak flow may be several times larger than the mean flow value 
for that 24-hr period. Thus, even though the mean daily flow is less 
than measurement capacity, the measurement system could be exceeded for 
a large part of the day. Furthemore, the data in Table 1 are based 
upon a relatively short period of record which may not be totally 
representative of a long-term mean condition. In fact, more recent 
data collected at White Oak Dam, as discussed later, indicate that 4.25 

3 

m /sec (150 cfs) is exceeded more often than an average of 0.5 
days/year. Furthermore, flow duration data do not reflect the relative 
importance of floods because of the infrequent nature of these large 
flows. Even though flood flows are rare and occur only a very small 
percentage of the time in comparison to flows confined totally to the 
stream channel, a significant body of evidence indicates that flood 
events can be very important in terms of erosion, sediment transport, 
and drainage basin alteration. For this reason, the present monitoring 
system should also be evaluated in terms of flood magnitude and fre-
quency relationships. 

INFREQUENT HYDR0L0GIC EVENTS 

The Significance of Floods 

Numerous observations have been reported of the major changes of 
stream channels and drainage basins caused by large flood events 
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(Stevens et al. 1975, Stewart and LeMarche 1967, Williams and Guy 
1973). These changes are effected by severe erosion and transport of 
large quantities of soil and sediment during a short time span. It is 
known that sediment yield varies as a power function of water yeild; 
consequently, transported sediment load increases geometrically with 
streamflow (Leopold et al. 1964). It follows that a large proportion 
of total annual sediment yield from a watershed is transported during 
only a few days each year. Wolman and Miller (1960) reported that the 
maximum flood of one-day duration accounted for almost 30% of the total 
sediment transported during 20 years of record in a sample of 192 small p 

(< 20.7 km , < 8 sq miles) basins. Similarly, Knox et al. (19>5) 
found that high sediment yield days (days when 1% or more of total 
annual suspended cediment yield was transported) for individual years 
accounted for an average of 85% or more of total annual suspended sedi-

2 ment yield in watersheds of drainage area 1,295 km (500 sq miles) or 
2 

less. In small watersheds draining 25.9 km (10 sq miles) or less, 
eight to ten high yield days normally account for more than 90% of the 
annual yield. A preliminary analysis of local data indicates that 
during the flood of April 1977, approximately 37% of the expected 
annual transport of materials from the West Basin of Walker Branch 
watershed was transported during the 2 hr of peak flow (S. E. Lindberg, 
personal communication, 1978). 

In terms of flood recurrence interval, Wischmeier (1962) found 
that about one-third of the total soil loss on soil plots located 
throughout the country was caused by storms with return periods greater 
than two years, one-third was due to storms with return periods between 
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one and two years, and one-third was lost during storms with return 
periods less than one year. Piest (1963) found soil losses to range 
between 3 to 46%, 3 to 22%, and 34 to 94% respectively for these same 
return period groups. Finally, Wolman and Miller (1960) determined 
that 90% of the sediment transport in their study basins occurred 
during floods which recur at least once every five years and that 
approximately 98% was transported by events which recur more than once 
in ten years. Although extremely large floods (50- to 100-year return 
periods) can carry much larger quantities of sediment, such events are 
so infrequent that their overall tranport effectiveness is lessened 
when compared to that of smaller floods. However, a larger percentage 
of total load is carried by larger, less frequent floods in smaller 
basins than in larger ones (Piest 1963, Wolman and Miller 1960). 
Therefore larger floods become mG^e important in smaller drainage 
basins the size of White Oak Creek watershed. 

Because radionuclides may become sorbed by stream sediments as 
well as remaining in solution, a large quantity of radioactivity can be 
transported in the water and sediment of only a few floods. Summariz-
ing the earlier experiments of Carritt and Goodgal (1953), Sayre et al. 
(1963) reported that, depending upon several factors, between 10 and 
90% of the initial quantity of radionuclides in solution became sorbed 
by sediments. Sayre et al. (1963) reasoned that when radioactivity 
concentrations in natural streams are on the same order of magnitude as 
MPC (maximum permissible concentrations), as opposed to several orders 
of magnitude greater as in the earlier experiments, a greater percent 
of sorption would normally be expected. Lomenick et al. (1962) found 
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that the amount of ^ S r and " ^ C s transport varies directly with 
streamflow and suspended sediment concentration in White Oak Creek and 
the Northwest Tributary (Figs. 2, 3, and 4). These figures indicate 
that the amount of strontium and cesium transported in a single week 
when suspended solids and/or stream discharges were high was greater 
than the sum of several weeks under low-flow and/or low-suspended 
sediment conditions. Lomenick et al. (1963) subsequently reported that 
the partitioning of strontium and cesium between water and sediment 
varies with flow and sediment conditions (Fig. 5). Their data 
(Lomenick et al. 1963, Tables 5.2 and 5.3) show that during low 
streamflow and/or low suspended sediment concentrations most of the 
radioactive strontium and cesium in White Oak Creek was found in the 
liquid phase; for higher discharge and/or suspended solids concentra-
tion a maximum of 95% of the cesium and 25% of the strontium was trans-
ported in association with the sediment. 

All of these observations viewed collectively demonstrate the 
potential capacity of individual flood events to transport large quan-
tities of water, sediment, arid associated radionuclides through the 
White Oak Creek watershed and into the Clinch River. An adequate moni-
toring system must be capable of measuring flood flows and collecting 
flow-proportional water and sediment samples under these conditions. 

Flood Magnitude and Frequency 

Very little quantitative information is available on flooding 
specifically in White Oak Creek watershed, but relationships derived 
from regional hydrologic investigations can be applied to this basin to 



13 

. 2. Stream discharge and strontium transport in White Oak Creek 
above ORNL at White Oak Creek Mile (WOCM) 3.9 (from Lomenick 
et al. 1962). 
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Fig. 3. Stream discharge and stronium transport in Northwest Tributary 
(from Lomenick et al. 1962). 
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1961 

Fig. 4. Suspended solids concentration and cesium transport 
Tributary (from Lomenick et al. 1962). 

in Northwest 
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Fig. 5. Stream discharge, concentration of suspended solids, and Sr-90 and 
Cs-137 transport in White Oak Creek resulting from light rainfall 
(from Lomenick et al. 1963). 
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estimate flood magnitude and frequency. It should be emphasized, 
however, that the data which follow are indeed estimates even though 
they are based upon accurate measurements and accepted analytical tech-
niques. The only means to obtain more accurate and ^ l i a b l e flood 
information is through an analysis of flood discharge Jata collected 
within the basin itself. 

Based upon peak flow data observed on small watersheds (< 51.8 
2 

km , < 20 sq miles) in the Tennessee Valley, Ackerman (personal com-
munication, February 25, 1949) concluded that a peak discharge of 29.43 
m 3/sec/km 2 (2,700 cfs/sq mile) or a total of 453.12 m 3/sec 
(16,000 cfs) could be realized on a watershed the size of White Oak 2 Creek basin (15.5 km , 6.0 sq miles). Ackerman also estimated the 

3 
"maximum possible discharge" for the watershed to be 523.92 m /sec 
(18,500 cfs). The possibility of such extreme events as these must be 
considered as very remote. More realistic and probable flood estimates 
for the watershed can be obtained from the results of a study of flood 
frequency in the Tennessee and Cumberland river basins conducted by 
Speer and Gamble (1964). These authors subdivided these large basins 
into hydrologic areas of similar flood characteristics and presented 
the equation: 

g = C aO-793 s (2) 

where Q is flood discharge (cfs), C is a constant dependent upon the 
flood recurrence interval and hydrologic area, and A is a drainage area 
(sq miles). Table 2 contains estimates calculated by Eq. 2 of flood 
discharge of various recurrence intervals at monitoring stations 3 



Table 2. Estimated flood discharge (cfs) of specified recurrence intervals computed by the 
method proposed by Speer and Gamble (1964) 

Recurrence interval (years) 

Location 
Drainage 

area (sq miles) 1.1 2 5 10 25 50 100 

Melton Branch 1.5 115 275 415 525 710 850 1050 

White Oak Creek 
Melton Branch 

above 
3.6 230 550 830 1050 1420 1700 2100 

White Oak Creek 
White Oak Dam 

at 
6.0 350 825 1250 1575 2125 2550 3150 
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(White Oak Creek), 4 (Melton Branch), and 5 (White Oak Dam). It will 
be recalled that the maximum measurable discharge at each of these 

•a -j 

three stations is 1.42 m / s e c (50 cfs), 0.54 m / s e c (19 cfs), and 
4.25 m /sec (150 cfs), respectively. All tabulated flood discharges 
are much greater than can currently be measured. 

More conservative estimates of flood magnitude and frequency were 
obtained by Sheppard (1974) from an analysis of local data. He con-
cluded that flood discharge for certain small basins in the Oak Ridge 
area could be approximated (+ 45%) by the relation: 

g = 4 . 7 fiP-£ p2 , (3) 

where Q is peak discharge (cfs), A is drainage area (sq miles), and P 
is precipitation (in.). The results of a frequency analysis conducted 
by Sheppard of annual maximum precipitation of varying duration 
recorded at the Oak Ridge Townsite Station are shown in Fig. 6 and 
Table 3. The flood discharge estimates shown in Table 4 were computed 
by Eq. 3 using the precipitation data in Table 3. Only the smaller 
flows listed in Table 4 can be measured with the present monitoring 
system. 

Recently, Randolph and Gamble (1976) presented a set of equations 
to estimate flood magnitude of selected frequency in Tennessee. These 
equations (Table 5) were derived by regression analysis of data from 
281 gaging stations stratified according to location within land areas 
of similar hydrologic response. Flood discharge estimates derived from 
these equations for the three locations in White Oak Creek watershed 
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RECURRENCE INTERVAL (yrs) 
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PERCENT OF YEARS PRECIPITATION WAS LESS THAN OR EQUAL TO VALUE 

ig. 6. Magnitude and frequency of precipitation of Oak Ridge Townsite Stations for 1-, 3-, 
24-, and 48-hr storms (from Sheppard 1974). 
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Table 3. P r e c i p i t a t i o n data f o r Oak Ridge Townsite S tat ion from 
1951 through 1973 (from Sheppard 1974, F ig . 2) 

P r e c i p i t a t i o n Recurrence Average Total 
durati on i nterval I n t e n s i t y p r e c i p i t a t i o n 

(hr) (years ) ( i n . / h r ) ( i n . ) 

1 1 .1 < 1 .0 < 1 .0 
2 1 .2 1 .2 
5 1 .5 1 .5 

10 1.7 1 .7 
25 2 . 0 2 . 0 
50 2 .2 2 .2 

100 2 .3 2 . 3 

3 1 .1 0 .43 1 .3 
2 0 .63 1 .9 
5 0 .70 2 .1 

10 0 .93 2 .8 
25 1.07 3 .2 
50 1.17 3 .5 

100 1.27 3 .8 

24 1 .1 0 . 1 0 2 .5 
2 0 .15 3 .6 
5 0 .20 4 .7 

10 0 .23 5 .4 
25 0 .25 6 . 1 
50 0 . 2 8 6 .7 

100 0 .30 7 .2 

48 1 .1 0 .07 3 . 2 
2 0 . 1 0 4 . 7 
5 0 .13 6 . 0 

10 0 .14 6 . 8 
25 0 .16 7 . 8 
50 0 .18 8 . 6 

100 0 .19 9 . 3 



Table 4. Estimates of f l ood discharge ( c f s ) of various recurrence i n t e r v a l s computed by the method 
proposed by Sheppard (1974) 

Melton Branch 

White Oak Creek above 
Melton Branch 

White Oak Creek at 
White Oak Dam 

Recurrence interval (years) 
P r e c i p i t a t i o n duration (hr) 

1.1 2 5 10 25 50 100 

1 9 15 19 26 31 34 
3 11 23 29 51 67 80 94 

24 41 84 144 190 242 292 337 
48 67 144 234 300 396 480 562 

1 19 29 38 52 63 69 
3 22 47 58 103 134 160 189 

24 82 170 289 382 487 588 679 
48 134 289 471 606 797 969 1133 

1 28 44 57 79 95 104 
3 33 71 87 155 202 241 285 

24 123 255 435 575 733 885 1022 
48 202 435 709 911 1200 1458 1704 



23 

Table 5. Regression equations for estimating flood discharge (Q, cfs) 
from drainage area (A, sq miles) within the hydrologic area 
containing White Oak Creek watershed (from Randolph and 
Gamble 1976) 

Recurrence 
interval (years) Flood discharge (cfs) 

Standard error of 
estimate (%) 

2 Q = 127 AO-752 45 
5 Q = 211 A 0 - 7 3 5 45 

10 Q = 276 a0-727 46 
25 Q = 366 aO-719 47 
50 q = 442 a°-714 49 

100 Q = 524 AO-709 50 



24 

Table 6. Estimates of flood discharge (cfs) of various recurrence 
intervals computed by the equations obtained by Randolph 
and Gamble (1976) 

Recurrence interval (years) 
Location 

2 5 10 25 50 100 

Melton Branch 170 285 370 490 590 700 
White Oak Creek above 
Melton Branch 330 540 700 920 1100 1300 
White Oak Creek at White Oak Dam 490 790 1015 1330 1590 1870 
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are given in Table 6. All of these tabulated flows are much larger 
than can be measured currently. 

There is no procedure to assess readily the validity of flood 
estimates shown in Tables 2, 4, and 6 other than the statistical error 
associated with each of the equations used to compute these values and 
the qualitative comparison with available data from White Oak Creek 
watershed. It is also difficult to compare estimates obtained from 
Sheppard's (1974) results (Table 4), which incorporate precipitation 
duration, with those (Tables 2 and 6) based upon regional flood-
frequency data. Flow data discussed below and collected in the water-
shed, indicate that Eq. 3 yields reasonable estimates of peak discharge 
resulting from a gi 'en amount of precipitation, but that the recurrence 
intervals associated with these flows appear to be too large. That is 
to say, flow of a given magnitude will recur more frequently, or once 
in a smaller number of years, than indicated in Table 4. On the other 
hand, these same data and observations suggest that the recurrence 
intervals of floods in Table 2 are too small; that is, a given flood 
discharge will recur less often or once in a larger number of years 
than shown in Table 2. Although the data in Tables 2 and 6 were com-
puted from equations derived by similar analytical techniques, the data 
analyzed by Randolph and Gamble (1976) include approximately ten more 
years of record than that analyzed by Speer and Gamble (1964) and are 
restricted essentially to Tennessee as opposed to the entire Cumberland 
and Tennessee river basins. This more current and representative data 
base and the fact that the values in Table 6 agree more favorably with 
available local data suggest that these estimates are more 
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• O R N L - O W G 7 8 - 1 3 4 1 4 

RECURRENCE INTERVAL (years) 

1.1 2 5 10 2 5 5 0 100 

PROBABILITY OF DISCHARGE BEING LESS THAN 
OR EQUAL TO INDICATED VALUE 

7. Flood-frequency curves for monitoring stations 3, 4, 
and 5. Plotted data contained in Table 6, computed by 
equations listed in Table 5. 
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representative of White Oak Creek watershed than those in Tables 2 and 
4. Flood-frequency curves based upon these data for monitoring sta-
tions 3, 4, and 5 are shown in Fig. 7. 

Selected Recent Floods in White Oak Creek Watershed 

Historical flood observations are reported for several watersheds 
and streams in the Oak Ridge area by TVA (1959, 1974) and Sheppard 
(1974). Four recent floods, described below, which occurred on White 
Oak Creek watershed are representative of flood conditions which can be 
expected to recur comparatively often. Unfortunately, however, no 
sediment transport data are available for any of these flood events. 

Precipitation from a major storm system on March 14-16, 1973, 
covered essentially the entire Southeastern United States. The axis of 
heaviest rainfall extended from northeastern Louisiana to south-central 

o 
Tennessee s covering approximately 36,260 km (14,000 sq miles) 
(Edelen and Miller 1976, Fig. 6). Recurrence intervals of floods 
resulting from this storm on streams in the Cumberland, Hatchie, 
Mobile, and Tennessee river basins ranged from slightly more than one 
year to more than one hundred years (Edelen and Miller 1976, Table 3). 
Local summary data for this storm (Sheppard 1974) and associated flood-
ing at monitoring stations 3, 4, and 5 are presented in Table 7. The 
estimated peak discharge and recurrence interval values are in excel-
lent agreement with observed flows and computed recurrence intervals 
for gaged streams in the surrounding area (Edelen and Miller 1976, 
Table 3). A second flood of greater magnitude occurred in November 
1973, only vt months later. Sheppard (1974) reported that the peak 



Table 7. Summary data for four recent floods representative of comparatively frequent flood conditions in White Oak 
Creek watershed. Peak discharge values estimated by Eq. 2, recurrence intervals from Table 6 and Fig. 7. 

Precipitation Estimated peak discharge (cfs) Estimated recurrence 
Date 

Total ( in . ) Duration (hour) MS 3 MS 4 MS 5 interval (years) 

March 15-16, 1973 6.8 48 605 300 910 5-7 

November 27-28, 1973 8.7 48 990 492 1492 25 

April 2-4, 1977 5.8 41 440 220 660 2-3 

June 7-8, 1978 3.8 48 190 94 285 1-1.5 
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flow at White Oak Dam reached 2.73 m 3/sec/km 2 (2501 cfs/sq 
mile). If this value is representative of the entire watershed, peak 
discharges of 25.49 m 3/sec (900 cfs), 10.62 m 3/sec (375 cfs), and 3 

42.48 m /sec (1,500 cfs) are indicated at monitoring stations 3, 4, 
and 5 respectively. These values agree with those in Table 7 estimated 
from Eq. 3. 

On April 2-4, 1977, approximately 14.7 cm (5.8 in.) of precipita-
tion were recorded at a gage in solid waste disposal area (SWDA) 5 
(Fig. 1) near the center of the watershed (D. A. Webster, personal com-
munication, 1977). This rainfall resulted in stream discharges on 
April 4 which flooded White Oak Creek and the service road in the 
vicinity of station 3 (Fig. 8), and over-topped the road bridge immedi-
ately downstream from the station. The water level was so high that it 
was impossible to reach monitoring station 4 on Melton Branch (Fig. 1) 
to determine the effects at that location. Flows exceeded measurement 
capacity at stations 3 (Fig. 9) and 4 for most of the following day. 
Because of the high water levels behind White Oak Dam and the submerged 
condition of the outlet (Fig. 10), no record of these flows was col-
lected at station 5 or at stations 3 and 4. Flow exceeded measurement 
capacity at station 5 for a total of 96 hr (April 3-6) (T. W. Oakes, 
personal communication, 1978). Estimates of peak discharge at each of 
these sites and the corresponding recurrence interval (Table 7) 

"^Adjusted upward from 230 cfs/sq mile based upon stated drainage area 
of 6.53 sq miles (Sheppard 1974, Table 1) at White Oak Dam as compared 
to the correct value of 6.01 sq miles. 



Fig. 8 . Flooding at monitoring s t a t i o n 3 on April 4, 1977. Submerged bridge 
over creek is at r ight edge of photograph. Compare with photograph 
in Fig. 9 taken approximately 24 hours l a t e r . 



Fig. 9. High water condit ions at monitoring s ta t ion 3 on April 5, 1977. Note 
that weir is completely submerged. 
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r e s u l t e d from 9.7 cm (3 .3 i n . ) of p rec i p n wh"'ch f e l l over a 48-hr-

pe r i od on Jure 7 -8 , 1978 (T. W. Oakes . personal communicat ion, 1 9 / 8 ' . 

A l though the t o t a l q u a n t i t y of p r e c i p i t a t i o n was not l a r g e , Do r i od i c 

h igh i n t e n s i t y r a i n f a l l between 3:00 a.m. and approx imate ly 9:00 a.>n. 

the morning of June S produced overbank f l o o d i n g . The stage at moni-

t o r i n g s t a t i o n 3 peaked at 9 :00 a.m. at 1:52 m (4.93 f t ) which is 0 . /S 

m (2 .48 f t ) above measurement c a p a c i t y . Stage at s t a t i o n & on Mel ton 

Branch peaked at 9:45 a.m. at 1.32 m (4.32 f t ) , 0.55 m (1 .82 f t ) above 

measurement c a p a c i t y . Flow was sus ta ined above we i r c a p a c i t y f o r 19 hr 

at s t a t i o n 3 and f o r 15.5 hr at s t a t i o n 4. Est imated peak dischorq,-

f o r a l l t h ree s t a t i o n s are g iven in Table 7. The es t ima te of 8.07 
3 

m /sec (285 c f s ) at White Oak Dam (MS 5) is smal le r than the va lue nt 
3 

11.10 m /sec (392 c f s ) ob ta ined by ex tend ing the r a t i n g curve beyond 

4.25 m'Vsec (150 c f s ) (T. W. Oakes, personal communicat ion, 1978). 

Th is d isc repancy p robab l y i s due in p a r t to the f a c t t h a t the f l o o d i n g 

was more of a response to h i g h - i n t e n s i t y r a i n f a l l as opposed to a l a rge 

q u a n t i t y . Thus, Eq. 2 may tend to underes t imate peak d i scha rge . Maxi-

mum stage at s t a t i o n 5 was s l i g h t l y more than 1 f t above measurement 

c a p a c i t y and occur red at 2:30 p.m. on June 8. A l though a d isc repancy 

exists between the two es t imates of peak f l o w at s t a t i o n 5 both va lues 

have a r e c j r r e n c e i n t e r v a l o f between 1 .1 and 1.5 years ( F i g . 7 ) . 

T h e r e f o r e , s t reamf low of t h i s magnitude can be expected on the average 

about once each 12 t o 18 months. 
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Summary Data for Streamflow Measurements 

Streamflow data were collected between 1950 and 1964 by the U. S. 
Geological Survey at gaging stations located at the present sites of 
monitoring stations 3, 4, and 5. Mean daily discharge, maximum and 
minimum flows recorded, and other pertinent data from these gaging sta-
tion records were reported in U. S. Geological Survey Water-Supply 
Papers 1276, 1336, 1386, 1436, 1506, 1556, 1626, 1706, and 1910. 
Annual peak discharge values for this period of record are given in 
Table 8. Although no extremely large and infrequent floods occurred 
during this period of record, the peak flow each year was several times 
larger than flow measurement capacity of the existing monitoring sys-
tem. In order to assess the duration or length of time the flow was 
sustained above these present maxima, the number of days that mean 
daily discharge equalled or exceeded these values at each station are 
also shown in Table 8. These tabulated values represent the number of 
days that the average flow for the day was greater than or equal to 
1.42 m 3/sec (50 cfs), 0.54 m 3/sec (19 cfs), and 4.25 m 3/sec (150 
cfs) at the gaging sites corresponding to monitoring stations 3, 4, and 
5, respectively. It should be noted that these data are based upon 
streamflow averaged for 24-hr periods; it is evident from the published 
record that flow exceeded these limits on numerous other days for 
shorter periods of time. However, due to the method of data reporting, 
there is no way to determine the total period of time involved. There-
fore, these values should be considered as representing a minimum 
amount of time that flow exceeded present capacity. 



Table 8. Annual peak discharge (cfs) and number of days mean daily discharge exceeded 
present measurement capacity at monitoring stations 3, 4 and 5 locations for 
water years 1950 through 1964. Discharge data from U. S. Geological Survey 
Water-Supply Papers 1276, 1336 1386, 1436, 1506, 1556, 1626, 1706, and 1910. 

Annual peak discharge (cfs) Number days flow exceeded present capacity 
Water year MS 3 MS 4 MS 5 MS 3 MS 4 MS 5 

1950 6423 5 a 
1951 594 8 
1952 437 7 
1953 303 a 3 a 

1954 499 4 
1955 669 2 
1956 321 98 10 13 
1957 511 117 11 9 
1958 511 120 9 10 
1959 355 121 3 3 
1960 587 152 3 3 
1961 250 174 309 6 7 3 
1962 314 208 352 10 14 6 
1963 407 242 666 6 9 2 
1964 3129 150 a 196 a 4 a 43 l a 

aData from incomplete water year 
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More recent data (Table 9) indicate that the discharge measuring 
capacity at White Oak Dam is exceeded on an average approximately five 
times each year. Measured flow at this site is compiled as total 
volume for 24-hr intervals; therefore, shorter periods of time when 
flow exceeded capacity are not reflected in Table 9. As an example of 
the amount of time when an accurate record is not obtained, during the 
14-month period of April 1977 to June 1978, the flow for eight days had 
to be estimated because flow was too large to measure. The flow for an 
additional five days had to be estimated due to mechanical problems 
associated with high stages. This is a total of 13 days for the period 
or an average of almost one day each month (T. W. Oakes, personal com-
munication, 1978). The historical data at stations 3 and 4 are less 
accessible; however, from October 1977 through May 1978, the total flow 
and radionuclide concentration for eight days at station 3 and for six 
days at station 4 had to be estimated because a substantial portion of 
the record for each of these days was lost due to high water conditions 
(T. W. Oakes, personal communication, 1978). As in the case of station 
5, these average approximately one day per month. 

SUMMARY AND CONCLUSIONS 

An adequate streamflow monitoring system is necessary to define 
hydrologic transport parameters, radionuclide concentrations, and the 
quantity and rate of radionuclides transported through White Oak Creek 
watershed into the Clinch River. Monitoring stations 3, 4, and 5, 
because of their strategic location within the watershed, must be 
capable of monitoring streamflow and radionuclide concentration 
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Table 9. The number of days flow exceeded measure-
ment cap<.;ity at White Oak Dam during 
calendar years 1972 through 1977. Data 
from T. W. Oakes (personal communication, 
1978). 

Year Number of days 

1972 5 
1973 9 
1974 4 
1975 4 
1976 2 
1977 5 
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throughout the expected range of hydrologic conditions. Although flood 
conditions occur only a very small percentage of the time, these less 
frequent but larger flows have been shown to transport the majority of 
the sediment removed from a drainage basin computed on an annual or 
longer basis. Because certair. radionuclides are transported in associ-
ation with sediment, a large quantity of radioactive material can be 
transported in a short period of time. Unless a monitoring system is 
capable of measuring streamflow and collecting flow-proportional water 
and sediment samples during the passage of a flood, no record of this 
flux of material will exist. 

Flood magnitude and frequency for the three monitoring sites in 
White Oak Creek watershed were estimated using the results of previous 
hydrologic investigations. A qualitative comparison of these data with 
observed streamflow and other published results indicate that estimates 
obtained by the relationships derived by Randolph and Gamble (1976) are 
more applicable to this watershed than those obtained from other stu-
dies considered. The method of estimating peak discharge from precipi-
tation proposed by Sheppard (1974) appears to yield reasonable esti-
mates for this basin. Flow duration data reported by McMaster (1967) 
suggest that the maximum measurable discharge at monitoring stations 4 
and 5 should be exceeded only a small percentage of the time. However, 
streamflow at these sites has exceeded capacity a much larger number of 
days each year than indicated by these data. Over the past six years, 
measurement capacity has been exceeded an average of about five days 
each year at station 5 at White Oak Dam; for the period April 1977 
through May 1978, flow for 13 days had to be estimated due to high flow 
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conditions. Data collected at stations 3 and 4 reflect a similar con-
dition. 

Unless a streamflow monitoring system is capable of measuring 
streamflow and collecting flow-proportional water and sediment samples 
during the passage of a flood, no record of this flux of material will 
exist. The measured and estimated streamflow data presented in this 
report demonstrate clearly that the present monitoring system in White 
Oak Creek watershed is inadequate to perform this function throughout 
the range of observed flow conditions. In order to ensure compliance 
with legal and environmental constraints as well as to serve present 
and projected waste management research needs within this watershed, 
the streamflow measuring capacity of the existing system must be 
increased substantially and equipment installed to collect flow-
proportional water and sediment samples through a range of flows which 
includes flood conditions. 

Subsequent to preparing this evaluation a conceptual engineering 
design was completed to upgrade and expand the flow measurement and 
sampling capabilities of monitoring stations 3, 4, and 5 (T. W. Oakes, 
personal communication, 1978). This new design increases the maximum 
measurable discharge at stations 3, 4, and 5 to 33.98 m /sec (1,200 
cfs), 16.99 m 3/sec (600 cfs), and 56.64 m 3/sec (2,000 cfs), respec-
tively. These flows represent a flood with an expected recurrence 
interval of approximately 50 years. At the time of this writing, this 
design has been submitted for funding consideration. 
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