
"- ORNL/M--1809 '
DE92 003550

u

ECORD CO.: T
i

Ft_CT'IONAL REQUIREMENTS FOR
WAS ,"'E AREA GROUPING 6

MONITORING STATION 3 UPGRADE

Oak Ridge National Laborato_ "

operated by
Martin Marietta Energy S_tems, Inc.

Oak Ridge, Tennessee 37831

for the U. S. Department of Energy
under Contract No. DE-AC0g-840R.21400

S

prepared by

Environmental Consulting Engineers, Inc.
Knoxville, Tennessee, 37833

L

June 1991

OPERATEDBY ,----,--_ r-_ _ _, a

MARTINMARIETTAENERGYSYSTEMS,INC. _,,,_..,_,,,,,, i _
FORTHEUNITEDSTATES .......o,+,:.... - ...... "-,'+;_.,!.._.,.._r-pe_-_

DEPARTMENTOF ENERGY



This document was prepared by Environmental Consulting Engineers. Inc.

' DISC_ER+

!

, T'l_ document was prepared as an account of work sponsored by an agency of the United ,

I States Govermrnent. Neither the United States Government nor any agency thereof, nor any of .
i their employees, makes any warranty, express or implied, or assumes any legal liability or ,

I responsibility for the accuracy, completeness, or usefulness of any information, apparatus. ;
i product or process disclosed, or represents that its use would not infringe privately owned
i rights. Reference herein to any specific commercial product, process, or service by trade name,
I manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recorn-
I rnendadon0 or favoring by the United States Government or any agency thereof. The views and
i opinions of authors expressed herein do not necessarily state or retie.ct those of the United StaIes
i Government or any agency thereof.
L

.o
° - _ ..° + . o_ • °



X-OE-552

FUNCTIONAL REQUIREMENTS FOR

WASTE AREA GROUPING 6

MONITORING STATION 3 UPGRADE

Oak Ridge National Laboratory

operated by

Martin Marietta Energy Systems, Inc.
Oak Ridge, Tennessee 37831

for the U.S. Department of Energy
under Contract No. DE-AC04-84OR21400

5

prepared by

Environmental Consulting Engineers, Inc.
Knoxville, Tennessee 37933

June 1991



i ii ---- ii| |

X-OE-552

RECORD COPY ,,u,,__9,
ml

APPROVAL OF _,,rNCTIONAL REQUIREMENTS FOR
WASTE AREA GROUP 6

MONITORING STATION 3 UPGRADE

Abbas A. Fi_ Date
ECE, Inc.
Knoxville, Tennessee

q z3/
Reviewedb__-_ Dat? /_/

Mw Kohring

Reviewed by:_ Date_l_/¢/

LE McNeese Date

Reviewed by: _'_# Y/__& -__"¢ D¢_/+'

v°._,:_OCS<,....t-4_
SD Van Hoesen Date

Approved by: _ )°3t_'_ _[ 1_lgl
SB Cr_bmd Date



Contents

FIGURES .................................... v

1. iNTRODUCTION ............................... 1

2. PROJECT DEFINITION ........................... 3

3. MISSION ................................... 4

4. REQUIREMENTS AND SPECIAL ISSUES ................. 5

4.1 REQUIREMENTS AND SPECIAL CONSTRAINTS ........... 5

4.1.1 DOE Design Storm Requirements ................. 5
4.1.2 Monitoring Equiprffent Requirements ............... 5

4.1.2.1 Monitoring constraints and regulat!ons ............ 5
4.1.2.2 Discharge measurement requirements at ORNL ....... 5
4.1.2.3 Water quality sampling requirements at ORNL ........ 6

4.1.3 Monitoring Equipment Selection .................. 6
4.1.3.1 Flow measurement equipment ................ 6
4.1.3.2 White Oak Lake headwater elevation assessment ...... 8
4.1.3.3 Installation of H flume and box culvert ............ 8

4.1.3.4 Water quality sampling equipment .............. 12
4.1.4 The IWMF Access Requirements ................. 12

4.2 UNCERTAINTIES ............................ 14

4.3 INTERFACES AND INTERFACE REQUIREMENTS .......... 14

4.4 SPECIAL ANALYSES .......................... 14

4.5 HUMAN FACTORS ........................... 14

4.6 MAINTENANCE ............................. 14

4.7 CRITICAL SYSTEMS .......................... 15

4.8 TESTING REQUIREMENTS ...................... 15

5.0 CONFIGURATION CONTROL PLAN .................... 16

6.0 DISTRIBUTION LIST ............................ 17

iii



REFERENCES ................................. 18

Appendix A: DEVELOPMENT OF DESIGN STORMS AND PEAK FLOW
RATES ............................... A 1

Appendix B: RATING TABLE FOR H FLUME 4.5 FEET DEEP
(USDA, 1962) ........................... B1

Appendix C: EFFECT OF SUBMERGENCE ON CALIBRATION OF
H FLUMES (GWINN AND PARSONS, 1976) ........... C1

iv



Figures

Fig. 1.1. The Watershed of Monitoring Station 3 ................. 2

Fig. 4.1. H flume dimensions, D = 4.5 Ft. (Grant, 1989) ............. 7

Fig. 4.2. Schematic of H flume and box culvert ................. 9

Fig. 4.3. Approximate flume and culvert cross sections ............. 10

Fig. <.4. Proposed profile view of MS 3. . . .................. 11

Fig. 4.5. Approximate location of modified access road ............. 13



I

1. INTRODUCTION

The Monitoring Station 3 (MS 3) and its corresponding watershed areshown in Figure 1.1. The
purpose of upgrading MS 3 is to

• measure surface water outflow from the watershed;

,, sample the water for transport of contaminants;

• provide adequate access to the Interim Waste Management Facility (IWMI=).

The watershed is located within the Waste Area Grouping 6 (WAG 6). Closure activities in the
WAG-6 area and the operation of IWMF are important contributing factors for the upgrade of MS 3.
The rate of contaminant transport shall be determined by a combination of

,, accurate discharge measurement;

,, periodic sampling to determine contaminant concentration.

All the design and performance standards in this FRD arc in accordance with the U.S.
Department of Energy General Design Cdteria No. 6430.1A ('DOE, 1989).
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2. PROJECT DEFINITION

The surface of WAG 6 may undergo many changes in the future as part of the closure activities.
Changes in surface characteristics will cause changes in runoff characteristics of the MS 3 water-
shed. Appropriate assumptions are to be made in this project regarding the future surface conditions
of the watershed. The extent to which the assumed surface conditions will affect the project
objectives (defined in Section 1.0) is to be identified.

The purpose of this FRD is to establish performance requirements for MS 3 consisting of the
following:

1. The expected range of discharges passing through the station and the required
accuracy levels f6r discharge measurements.

2. The equip.ment required to measure the expected discharges at the required
accuracy levels.

3. The sampling requirements for monitoring water quality.

4. The hydraulic refluirements for the discharge conveyance structure to be located
under the IWMF accessroad.

5. The design loads to be used for the bridge over the IWMF accessroad.
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3. MISSION

The missions of the upgraded Monitoring Station 3 arc:

i. To monitor water discharges during the WAG 6 closure and post-closure activities;

2. To monitor water discharges resulting from the operation of the IWMF; and

3. To provide an upgraded structure to allow passage of waste vehicles to IWMF
over the road and"unobstructed flow of water unaer the road.



4. REQUIREMENTS AND SPECIAL ISSUES

4.1 REQUIREMENTS AND SPECIAL CONSTRAINTS

4.1.1 DOE Design Storm Requirements
Design storm requirements for stormwater management systems at DOE sites were published

in DOE 6430.1A in 1989 (DOE, 1989). That document states that open channel stormwater
conveyance systems shall be sized to accommodate the peak flow from the 25-year, 6-hour design
storm, while checking for the 25-year, 24-hour storm.

Because it is necessary to define the range of storm flows for which accurate discharge
measurements will be required, 6-hour design storms have been developed for several frequencies,
including the 2, 5, 10, 25, 50 and 100-year events. The procedure for developing the design storms
and determining the outflow hydrographs has been shown in Appendix A. This procedure is
provided as reference material and is not meant as the only possible procedure for developing design
storms.

4.1.2 Monitoring Equipment Requirements

4.1.2.1 Monitoring constr_nts and regulations

In order to define functional requirements for the discharge and water quality monitoring
station, many factors were reviewed. First, pertinent published regulations and policies concerning
monitoring requirements were reviewed. The review revealed that there are no current regulator?'
requa'ements for discharge and/or water quality monitoring at MS 3. However, with the impending
stor=water National Pollutant Discharge Elimination System (NPDES) regulations, and the poten-
tial long-term monitoring requirements after WAG 6 closure, there is certain future need for both
discharge and water quality monitoring.

The Tumulus I artd II pads are in the MS 3 watershed (Figure 1.1), and runoff from these
projects is included in the current NPDES permit for the Oak Ridge National Laboratory. (ORNL).
Environmental Monitoring and Compliance (EMC) staff is currently preparing a permit modifica-
tion for the IWMF runoff and pad drainage. Both the Tumulus and IWMF sites are upstream of the
MS 3, and their permit constraints do not directly impact data requirements at MS 3.

Interviews were conducted with ORNL personnel to obtain further regulatory, in.formation,
general policies, research neexts, and planned activities which may impact the MS 3 monitoring
requirements. Two meetings were held with EMC staff, one with Charlie Valentine and another with
John Murphy. Engineering requirements were obtained during an interview with Dirk van Hoesen.
Mr. Van Hoe.sen also provided ECE with several documents as references. In addition, meetings
were held with Roger Clapp and Dennis Borders of the Environmental Sciences Division (ESD). In
these meetings, present and future policies and research needs were discussed. The current emphasis
toward flumes and away from weirs as flow measuring devices was identified.

From these review efforts, it was detem,.ined that stor=water NPDES, closurepost closure
monitoring, and general research neexis are applicable and should drive the design efforts. These
requirements dictate that both accurate discharge measurements over the widest possible range and
flow proportioml automatic water quality sampling are nee.tied. The following subsections outline
the specific requirements.

-4.1.2.2Dischargemeasurement requirementsat ORNL
To meet the requirements for discharge monitoring at MS 3 given in the previous section, the

following constramts shall be observed:



1. To_e theproblemofhandlingofcontaminatedsediments,avoidweirsor
otherdevicestlmicauseupstreamseRimentdeposition.

2. Usea stmcta_thatwillmissnomorethan2 1/2Percentofthehighestand2 1/2
Percentofthelowestdischarges.

3. Usea structurethatcanmeasurethedischargeasaccuratelyasposs_lewithinthe
entirerangeofitsoperation.

4. Use a str,,cmre that can be monitored by an automatic recorderor logger.

As stated previously, _ereare no reliable flow f.requencydata available for the MS 3 watershed.
Therefore,identificationoftheupperandlower2 I/2percentofthed_chargesisnotpossible.
Fortunately,hc)wever,themareflowmeasuringdevicesthatcanme_e alargerangeofflowrates
veryaccurately,asgiveninSection4.1.3.

4.1.2.3 Wa_er quality, sampling requirements at ORNL

Inviewofthew-.,terQualitymonitoringrequirementsoutlinedinSection4.1.2.i,thefollowing
shall be observed:

i. Thestructureshallbeselfcleaning,sothatsedimentanddebrisarenotaccumu-
lated.

2. The sapping equipment s_alI allow automatic samp_ng.

3. The sampRng eq_pment shall aUow flow proportional sampting.

4. The sampling equipment shaU be capable of refrigerating sample volumes of
severalhters.

5. Adequatesecurityshallbeprovidedforthesamplingandstorageequipment.

6. Any.informationcolleme£1fromtheflowmeasurementequipmentshallbecom-
patiblewith the coUecting organization's other existing _rdware.

4.1.3 Monitoring Equipment Selection

4.1.3.1 Flow measurement equipment

A reviewofthecapabRidesandspecificationsofseveralflowmeasuringflumesindicatesthat
a 4.5-ft H flume can be used to monitor discharge at MS 3 (USDA, 1962). Dimensions of the 4.5 ft
H flume are given in Figure 4.1. The discharge rating table for th_ flume is attached in Appendix B.
AnaI_ic equations for the flume discharge rating are given in Ackers et ai. (1978). The flume is
capable of accurately m_g discharges from 0.0031 cf.s (at a head of 0.02 ft) to 84.0 c_ (at a
head of 4.49 ft). Based on the discussion in Appendix A (Section 8.1), and the constraints in
Section 4.1.2.2, this range is adequate to measure the required range of discharges.

The H ria.me is an accarate device for flow measurement and shall therefore, be used for this
application. The rad,ag table given for the H flume (Appendix B) has been developed for the flume
operating in free condit/on, Le., water flowing in a free nappe from the flume crest. However, the
H flume can operate satisfactorily with a certain degree of submergence. Studies have shown that
for a submergence of 50%, the flume accuracy drops less than 3%(USDA, !962). The definition
sketchofflumesubmergenceandtheeffectofsubmergenceonaccaracyisattachedinAppendixC.
Requirementsforwaterleveldeterminationsandinstallationtoavoidlargesubmergencesaregiven
in Section4.I.3.3.
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4.1.3.2 White Oak Lake headwater elevation assessment

Large storms occurring on the MS 3 watershed are likely to be accompanied by high levels in I
White Oak Lake. Consideration of expected White Oak Lake levels was therefore used in the
selection of the appropriate discharge measurement device at the MS 3.

Normal pool for White Oak Lake is elevation 744.0 (Tschantz, 1987). It has been conservative-
ly assumed that 25-year frequency events will occur simultaneously on the MS 3 watershed and the
6.01 square mile White Oak Lake watershed. Based on the White Oak Darn discharge frequency
curve presented by the Corps of Engineers, the 25-year peak dam discharge is about 900 cf.s (COle,
date unknown). From a previously developed rating curve ('Tschantz, 1987) White Oak Lake
headwater elevations corresponding to a discharge of 900 cf.s would be between elevatior,.¢ 751 and
754, depending upon the position of the two lift gates at the dam.

White Oak Lake was recently as high as elevation 751 (pe_onal communication, Dennis
Borders) following heavy rains in February, 1991. While these storm._brought several inches of rain
over a three day period, they were not particularly intense over short durations.

Based on the considerations discussed above, the elevation of White Oak Lake selected for the

25-year design storm is 752.0. Discharge capacity, at the White Oak Dam at this elevation is about
1600 cfs. However, there is no formal policy for operation of lake levels in large storms, lt is
possible that much smaller storm events could create backwater problems at the discharge measuring
station if runoff is temporarily stored in White Oak Lake.

4.1.3.3 Installation of H flume ancl box culvert

As described in Section 4.13.1, an H flume 4.5 feet deep will provide reliable discharge
measurement accuracy over the required flow range. The H flume was developed in the 1930's to
measure runoff from small agricultural watersheds. When properly constructed and installed, the
H flume has proven to be a highly accurate flow measuring device.

In order to effect minimum disturbance of the ground on the upstream side of the IWMF access
road, the flume shall be placed at the downstream end of a box culvert under the FWMF access road.

The box culvert shall be designed to provide both the required structural integrity and adequate
approach conditions to the H flume. The upstream end of an H flume 4.5 feet deep is 8.55 feet wide.
The box culvert should therefore be at least 8.55 feet wide and at least 4.5 feet deep (inside
dimensions). Because the watershed is within a fenced, limited public access area, adequate
measures against public access sho'.fld be taken in accordance with DOE 6430.1 A ('DOE, 1989).

Ideally, the flume should be installed so that it can discharge freely with no downstream
submergence. However, submergence of 30 percent has less than I percent effect on the calibration
(USDA., 1962; also, see Appendix C). As shown in Appendix B, the 25-year design flow of 71.4 cfs
can be carried at a head of 4.2 feet in the H flume, if minimum cover depths over the culvert are

desired, the floor of the flume may be placed 1.26 feet (30 percent of 4.2 feet) below the design lake
elevation _" 752.0. The flume floor would therefore be at elevation 750.74, which may be below the
existing ground surface elevation. The flume floor may be placed at a higher elevation, which would
reduce the degree of submergence, and provide better accuracy at ]Mgherflows. Schematics of the
H flume, box culvert approach section, and insta)aation profile are shown in Figures 4.2, 4.3, and 4.4.

The approach section upstream of the H flume should be at least 22.5 feet long, with a
longitudinal bottom slope of 2 percent (Figures 4.2, 4.4). The length of the box culvert will be
dependent upon construction detail., which are beyond the scope of this document. If the box culvert
length is more than 22.5 feet, the remaining upstream portion of the culvert should be sloped to
ensure adequate flow capacity in the 2.S-year storm, and to mimmize the excavation required during
construction. To minknize the geomorphologic impact of the proposed structure on the upstream
channel, the upstream invert elevation of the box culvert shall be as close to preconstruction grade



t 22.5 ft rain. I

Box culvert _ A

(approach _.._ 1 I [_:>B
section)

H fiurr,e

2_ See Z,g -"I
lcr f;u_e

1'8 I c:mensJons

" Z ""....
Edae of 1:8 /
SlOping floor' _'S]>

NOTE Cross se-ticns

shown in Figure -".3
/i I

-

Se__tion

Detail of sampling
notch (NTS)

Fig. 4.2. Schematic ofFTflume and box culvert.



10

Low
flow Sampling

notchchannel

° ._

Sec-_on A A

Stitlin-"

Sloping well

5 f- fc_,se ,/
/

' t

Flume bottom

IIi I I
0 i 2 4

Scale ft

Fig. 4.3. Approximate flume and culvert cross sections.



11

lt

i ; "_l_ ' "---' = .o.d,o. /

L /

I Vert. E,_ggerotion:25:1
?$0

5 trecm OG_

749 -- / -
/

74_ -,

0 2_ _ 75 100 125 150 175 200 225 250 275 ._30 325

Distonce. ft

Fig. 4.4. Proposed profile vfew of _ 3.



12

as practicable. The top of theexposed portionof the approach section (Figure 4.4) shall be open to
facilitate access to the water quality sampling notch.

The H flume shall be provided with a 1-on-8 sloping false floor to concentrate low flows and
reduce siltation problems (Figure ,*.3). The rating table shown in Appendix B is for a flume with a
sloping false floor. The stilling well for the water stage measuring device shall be placed along the
low flow channel side of the flume. Several techniques for measuring the depth of water in the
stilling well are available, including sonic devices, gas bubblers, pressure transducers, and floats.
The device chosen shall provide a high level of accuracy; for this reason a float is not acceptable.
The low flow channel can be on either side of the flume. A similar low flow channel shall be
provided inside the box culvert (Figure 4.3).

The low flow channel inside the box culvert shall include a small notch sized to accommodate
the placement of the water quality sampling strainer. The dimensions of the notch wiUbe dependent
on the size of strainer selected, but should allow at least one inch between the bottom of the strainer
and the bottom of the notch, and at least one inch from the top of the strainer and the floor elevation
of the box culvert. The strainer shall be positioned in the appropriate piace by using metal or durable
plastic clips attached to the wall of the box culvert. The notch shaU provide a smooth transition region
for low flows, and shall create a pool sufficient for sample withdrawal. The notch shall be
hydraulically efficient as weil, so that velocities through it are sufficient to avoid trapping sediment,
debris, or stagnant water.

The H flume and approach section shall be instaUed in strict accordance with the criteria given
by the Agricultural Research Service (USDA, 1962). InstaLlation of the flume and box culvert may
be subject to the Aquatic Resource Alteration Permit requirements in which case the appropriate
permit must be obtained and/or appropriate construction techniques observed. ALsoapplicable may
be the Corps of Engineers Section 404 and Tennessee Valley Authority "26 a" permit requirements,
which must be fulfilled before construction of the MS 3 can be undertaken.

4.1.3.4 Water quality sampling equipment

Current sampling technology will allow automatic sampLing,flow proportional sampling, and
sample refrigeration of large volumes. For example, the Isco Environmental Division of Isco, Inc.
manufactures a large variety of automatic wastewater samplers. Such samplers shall be reviewed,
so that the equipment best suited for the specific application at MS 3 can be identified. The
installation of the equipment in the field shall be complemented with structural features to provide
self cleaning capability and security in accordance with DOE 6430.1 A (DOE, 1989).

4.1.4 The IWMF Access Requirements

The access road to the _ crosses the drainage channel at MS 3. The culvert presently under
the road shall be replaced by a larger structure, capable of passing storm discharge in the 2S-year
design storm without overtopping the road and without drowning out the MS 3 discharge measure-
ment equipment

lt is not the intent of this document to provide structural design requirements for the drainage
stauctu_ under the access road. However, it is expected that fully loaded 18 wheel trucks will be
used to transport waste to the rWMF. Therefore, the design loading to be used for the structure shall
be based upon the HS 20-44 specifications developed by the American Association of State Highway
and Transportation Officials (AASHTO, 1977).

A box culvert shaU be used to provide the combination of discharge capacity and structural
integrity required. Details concerning culvert sizes and invert elevations are given in section4.1.3.3.
If the culvertis placed at the existingchannelbottomgrade,and assuminga 1 foot wall thickness
with no earthcover, the centerline road elevation at the midpoint of the culvert will be about 756.9.
Figure 4.5 shows the approximate position of the raised road. Elevations given in this section are
based on the February 1990 topographic map, assumed to be precisely accurate. The map is
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probably accurate only to within ± i foot. There are two groundwatermonitoring wells wldch may
be below ground if the road embankment extends over them. Casings of these wells will have to be
raised.

4.2 UNCERTAINTIES

A National Environmental Policy Act (NEPA) determination i,; not in piace for this site. A
requestforcategoricalexclusiondeterminationhasbeenprocessed.Designisscheduledtostartin
the 4th quarterof FY 1991 so that construction may be initiated in the 1st quarter of FY 1992 and be
complete in the 2hd quarter of FY 1992.

The hydrologic assumptions have been consistently on the conservative side, so there is little
uncertainty involved with the capacity of a 4.5 ft H flume to measure the runoff resulting from a
25-year storm. There is very limited information on the elevation of water surface in White Oak
Lake, which remains an uncertain point in the installation of the flume. The design elevation of the
flume invert is uncertain at this time, and will be governed by the need to minimize excavation, the
deske to minimize ponding the u_tream section, and the requirement to reduce submergence by
White Oak Lake at the discharge point.

Waterquality monitoring requireme,:ts are not well defined at this time, and will depend on the
outcome of .he application for categorical exclusion. Permit requirements mentioned in Section
4.1.3.3are uncertain at this time.

4.3 INTERFACES AND INTERFACE REQUIREMENTS

This project will have to interface with other WAG 6 closure construction projects in the
immediate vicinity, and the construction and operation of IWMF. There will be an interface with the
ORNL Surface Water Monitoring Program and ORNL Waste Operations groups since the area
immediately west of the MS 3 will be operational.

There are no requirements for electrical service or other utilities except at the monitoring
station.

4.4 SPECIAL ANALYSES

Aspecial analysis is required to determine the structural capability of the culvert to support the
equipment associated with operation of IW'N_. The analysis should include horizonta! and vertical
loads.

A hydrologic and hydraulic analysis may be required to verify the design storm and the peak
runoff flow rate.

A special analysis of the culvert four,datiun may be required to ensure that the H flume will
remain in its horizontally installed configuration throughout the life of the project.

4.5 HUMAN FACTORS

The monitoring station shaU be designed to allow safe ingress and egress. Electrical outlets
shallbefurnishedwithgroundfault protectiondevices.

4.6 MAINTENANCE

Water level monitoring and water quality sampling will be automated to minimize maintenance
needs. The selected equipment is basically seLf.flushing. However, deposition of fine sediment and
growthofmoldsandalgaeareposs_le.TheH flumeanditsstillingbasinaswellasthewaterquality
samplingnotchwillhavetobeinspectedregularly,andcleanedoutifnecessary.
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4.7 CRITICAL SYSTEMS

There are no critical system-_associated with this project.

4.8 TESTING REQUIREMENTS

Access to ali monitoring andsampling locations shall bc provided.
The H flume shah be calibrated.

Ali test plans, testing, and test results will be documented and submitted to Environmental
RestorationDivision (ERD) for review. Ali problems and deficiencies encountered during testing
will be resolved and corrective action taken in accordance with applicable QA procedures.
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5.0 CONFIGURATION CONTROL PLAN

Ali changes to the approved design will be reviewed and approved by the ProgramProject
Manager and ERD in accordance with the Configuration Control Plan for WAG 6.
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6.0 DISTRIBUTION LIST

All organizations represented by the signatures to this document shall receive a copy of all
revisions to same.
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1. TECHNICAL PAPER NO. 40

Generalized miaf_-frequency dam for the Oak Ridge area are published in the United States
Weather Bureau (USWB) Technical Paper Number 40 (USWB, 1961) 'LC'P'40provides rainfall data
for areas less than 400 square miles, for d,,u-ations from 30 minu -t_sto 24 hours, and for frequencies
from 1 to 100 years.

The information presented in TP-.40 is based upon statistical analyses of rainfall data collected
in the United States. The database consists of long-term records bom 200 Euzt-order Weather
Bureau stations, supplemented by less comprehensive data from an additional 5000 stations.

Fordurationslessthan30 minutes,TP-40 sU_r_ mmg m fiOsOfshorterdurationvaluesto
one-ho= values.Theseratiosarei_dependeatofbothgeographiclocationand returnperiod,lthas
beenshown,however,_t theseratioshaveadescribablegeographicpatmm, and thattheyvarywith
return period (NOAA, 19T'k).

2. TECHNICAL MEMORANDUM NWS HYDRO-35

To meet the demand for better small area, short duration rainfall data, the National OceanJ,: ,und

Atmospheric Admimstration (NOAA) published Technical Memorandum NWS HYDRO-35
(NOA._, I977). HYDRO-35 presented values for precipitation-fi'equency for durations f_um
5 minutes to 1 hour. The database used for the revised analysis was similar to that used for TP-_0,
with records from 200 first-order NatioaaI Weather Service (NWS) stations, and add!.t/onal records
from about 1900 recording rain gages.

Tables 2.1 and 2.2 summarize the precipitation data for the WAG 6 area published in TP-40 and
HYDRO-35, respectively. The tables include precipitation depths for both partial duration series and
annual _eries. The published prec,pitation data are based on partial duration series analyses, where
ali rainhU events above a base level are included in the database. These values have been converrad

to annual series data, which are based on one maximum event per year. The two series are
- approxLmamly equal for events exceed/ag the 10-year frequency.

3. TECHNICAL PAPER NO. 149

While TP-40 and HYDRO-35 provide comprehensive precipitation depth-duration-frequency
data, they do not define the _me distrf_ution o,_ storm rainfall necessary to develop design storms.
The Soil Conservation Service (SCS) originally developed, two dimensionless 24-hour rainfall
distributions for the continental Unitad States (SCS, 19";3). The Type I and II distributions were
developed from thegeneralizedprecipitation depth-d_ation-frequency relationships pubLished in
USWB technical papers. The Type I distr_ution was developed for areas with maritime climates.
The Type II d_stn'bution was developed for areas where the highest rates of runoff from small areas
_ually occur during summer thunderstorms. These distributions were developed by plotting the
ratio of rainfall amount for any duration to the 24--hour amount versus duration for many different
locations, and selec_g a best fit cu_,,, to the data.

The Type II distribution, which should be used for the entire Tenn_ Valley, is arranged so
that the greatest 30-minu_ d_pth occurs near the middle of the 24-hour pe,'iod. The second largest
depth is assumed to occur in the next 30 minutes, and the third largest in the preceding 30 minutes.
This alternation is continued for each decreasing order or"magnitude, until the smallest 30-minute
depths fall at the beginning and end of the 24-hour period. Since the highest rainfall intensities are
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successively nested within longer duration, lower intensities, this distribution can be used to develop
design s_orms for both small and large areas.

The SCS has since developed two additional distributions, Types IA and III. Both arc modifica-
tions to the original Type I, and were developed for areas where the Type I distn'bution did not closely
match observed storm patterns. However, the Type II distribution remains applicable to the
Tennessee Valley. The Type II distribution is shown in Figure 3.1.

Table 2.1. Precipitation depth-duration.frequency data

for Anderson County, Tennessee per TP-40

Rainfall depths in mcl_es for indicated frequency (partial durauon series)

DutaUon 2 Year 5 Year i0 Year 25 Year 50 Year I00 Year

5 _ 0.44 0.56 0.67 0.74 0.81 0.89
i0IVffN 0.68 0.86 1.03 1.14 1.25 137

15MIN 0.86 1.08 1.30 1.44 1.58 1.73
30 M_ 1.20 1.50 1.80 2.00 2.20 2.40

60 MIN 1.50 1.90 2.20 2.50 2.80 3.00
2 I-lR 1.80 2.40 2.70 3.10 3.40 3.80

3 _ 2.00 2.50 3.00 3.40 3.70 4.10
6 HR 2.50 3.00 3.50 4.00 4.60 4.90

t 2 HR 2.90 3.60 4.20 4.70 5.40 5.80

24 I-[R 3.30 4.20 4.80 5.50 6.20 6.60

Rainfall depths in inches for indicated frequency (annual series)

DuraUoa 2 Year 5 Year 10 Year 25 Year 50 Year I00Year

5 _ 0.39 0.5-¢ 0.66 0.74 0.81 0.89
I0_ 0.60 0.83 1.02 1.14 1.25 1.37

15_ 0.76 1.04 1.29 1.44 1.58 1.73

30_ 1.06 1.44 1.78 2.00 2.20 2.40

60MIN 1.33 1.83 2.18 2.50 2.80 3.00

2 HR 1_59 2_31 2.67 3.10 3.40 3.80

3 HR 1.77 2.40 2.97 3.40 3.70 4.10

6 HR 2.21 2.88 3.47 4.00 4.60 4.90

12HR 2.57 3.46 4.16 4.70 5.40 5.80

24I-lR 2.92 4.04 4.75 5.50 62.0 6.60
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Table 2.2. Precipitation depth-duration-frequency data

for Anderson County, Tennessee per HYDRO-35

Rainfall depths in inches formcLicatedfrequency (partial duration series)

Duration 2 Year 5 Year 10 Year 25 Year 50 Year 1130Year
i1|11

5 MIN 0.43 0.50 0.56 0.64 0.71 0.77

10 MIN 0.68 0.81 0.91 1.05 1.17 1.28

15 MIN 0.85 1.03 1.15 134 1.49 1.63

30 MIN 1.14 1.42 1.62 1.91 2.13 2.35

60 MIN 1.45 1.84 2.11 2.50 2.80 3.10

Rainfall depths m inctaes for indicated frequency (annual series)

Duration 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year

5 MIN 0.38 0.4_ 0.55 0.64 0.71 0.77

i0 _ 0.60 0.78 0.90 1.05 I.17 1!8

15 MIN 0.75 0.99 1.14 134 1.49 1.63

30 MIN 1.01 1.37 1.61 1.91 2.13 2.35

60 MIN 1.28 1.77 2.09 2.50 2.80 3.10

i

Fig. 3.1. SCS Type II rainfall distribution.



A-4

4. DESIGN STORMS

It was determined that, because of therelatively small size of the study watersheds, the duration
of incremental rainfall values necessary to adequately reflect the watershed response time should be
less than 2 112 minutes. The design storms were therefore developed in 2-minute increments for
each frequency using rainfall data from HYDRO-35 (NOAA, 1977) for durations up to 1 hour and
from TP-40 (USWB, 1961) fordurations largerthan i hour. For each frequency, the depthduration
data were plotted on a sernilog scale (with time plotted on the log axis), and a best fit curve of the
form y = a.ln(x) + b computed. These curves (which plot as straight lines on the semilog graph
paper)are shown on Figure 4.1.

The equations were used to determine 2-minute incremental rainfall values. These equations
tend to underestimate HYDRO-35 rainfall values for 5-minute duration. The peak incremental
rainfall values were thereforeadjusted as requiredto match the _ of theHYDRO-35 5-minute
data (the first and second ordinates, which represent 4 minutes of rainfall, were set equal to this
intensity).Foreachfrequency,a totalof1802-rninuteincrementalrainfallvaluesweredetermined.
Thesevalueswereorderedina fashionsimilartotheSCS TypeIIdistribution,withthelargest
rainfallordinatefollowedbythesecondlargestandprecededbythethirdlargest,etc.Thesequence
ofrainfallordinatesforeachdesignstormistherefore:

179,177,175,...,3,I,2,4,.,176,178,180.

5. SELECTION OF RUNOFF MODEL

The U.S.Army CorpsofEngineers'HEC-1 modelwas usedtodeterminetheexpectedflow
rates at MS 3. The model is an industry standard for developing runoff hydrographs from single
rainfall events. The HEC-1 model is also very versatile in allowing the selection of a variety, of
available methods for calculation of the differentelements of thedischarge hydrograph. Discharge
hydrographs for this study were developed using the SCS curve number method to determine runoff
volumes, and the SCS dimensionless unit hydrograph for developing the discharge hydrograph.

6. DETERMINATION OF SUBWATERSHED HYDROLOGIC
PARAMETERS

Two parameters are needed to characterize the hydrologic properties of the subwatersheds for
the SCS method. These are the SCS curve number and the basin lag. The curve number depends
on the surface conditions and is usually chosen from published tables. Based on a visit to the site
and the previously published Literature, a uniform curve number of 72 was selected for the entire
watershed of MS 3.

The basin lag, the delay in t/me between a brief heavy rain over the watershed and the time
when runoff at the watershed outlet reaches a peak (SC..S1972), is actually a weighted time of
concentration, lt is determined using equations given by SCS, and depends on the curve number,
the average watershed slope, and the hydraulic length of the watershed. These parameters were
determined for the two subwatersheds draining into MS 3. The branches draining these two
subwatersheds were called the East and the West branch (see Figure 1.1 in the main body).

Average subwatershed slopes for the two branches were determined using the grid method. A
250 foot square grid was superimposed on a February, 1990 topographic map of the watershed. The
maximum surface slope between each grid point and the receiving drainage channel was determined.
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The arithmetic mean of the grid point slopes for each subwatershed was calculated, and used as its
average slope.

Hydraulic length of a watershed is the maximum length that water would travel between the
divide and the outlet. The same topographic map of WAG 6 was used to determine the hydraulic
lengths of the two subwatersheds. Based on these parameters, the lag times for the East and the West
branches were found to be 0.22 and 0.15 hours, respectively. A summary of the hydrologic
characteristics of the subwatersheds is shown in Table 6.1.

7. ASSUMPTIONS FOR GENERATED DATA

Two conditions have been assumed for the purpose of generation of runoff hydrographs. These
are referred to as the "present condition" and the "future condition." The present condition refers to
the relatively near future, when the Tumulus pads will be fried and capped, the IWMF will be m the
process of filling, and no other alterations will be done to the surface conditions of the watershed.
The future condition refers to the time when the IWMF is completely fired and capped. Areas
presently capped with an impermeable flexible membrane finer may or may not be capped with an
engineered clay cover in the furore.

7.1 THE IMPERMEABLE CAPS
"t

There are two areas within the East branch subwatershed that have been capped with flexible
membrane liners, constituting a minute portion of the subwatershed area. For the present condition,
it has been assumed that the surface cover of these areas will remain unchanged. Visual inspection
of the installed french drains and ditches indicated that in case of a very heavy rain, the ditches will
probably run overbank and the water will drain into the Eaat branch as surface runoff. Therefore,
these areas have been treated in the HEC-I model as impermeable surfaces. For the future condition,
if the liners are replaced with an engineered multi-layer clay cap, they will drain more slowly, and
will not result in any increase in peak runoff hydrograph flow rate.

7.2 THE TUMULUS PADS

As mentioned above, the Tumulus pads have been assumed to be filled and capped for the
present condition. Therefore, their response to the runoff hydrograph will be similar to the rest of
the watershed surface, and ao special treatment of that portion of the watershed will be needed.

"Ikble 6.1. Summary of Hydrologic Characteristics for

Monitoring Station 3 Watershed

Parameter West Branch East Branch

DrainageArea(squaremile.s) 0.03085 0.02440

S_¢:CurveNumber 72 72

SCS LagTime (hours) 0.!5 0.22

Average Waterst_edSlope 0.ii 0.13

Hydraulic I.,cngt.b(feet) 1260 2350
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7.3 THE IWMF

For the present condition, it has been assumed thatat any one time a maximum of two concrete
pads (out of six) of the IW will be open to storm rainfall. One of these two pads will be
constructedand awaiting wastes, and the second will be the operating pad, or the pad that is being
filled. It hasbeen assumed thatany pad which is filled to capacity will be immediately capped, and
can be treatedas a permeable watershed surface for drainage purposes.

7.4 OTHER DISTURBANCESTO THE SURFACE

As partof operation of WAG 6 Closure, other portions of the watershed surface may undergo
changes. At the presenttime, there is no definite record of what activities are planned for the entire
WAG 6 Closure. It is, however, assumed that ff any disturbance is done to the surface, it will soon
be coveredby an engineered cap. The capped surface(s) will act similar to the presently vegetated
surface of thewatershed and no special treatmentwould be needed forthem.

9. RESULTS OF HYDROLOGIC MODELING

8.1 PRESENTCONDITION

A summary of the peak flow, rates expected for various storm frequencies for the present
condition is shown in Table 8. i. The peak flow rate resulting from the 25-year 6-hour design storm
is 71.4 cf.s. Therefore, in any given year, there is a 4% chance that the runoff flow ratewill equal or
exceed 71.4 cfs. A flow measuring device designed to accurately measure a peak flow rate of
71.4 c[s would miss 4% of the peak flows in an extended period of observation. The volume of
runoff associated with flows in excess of 71.4 cfs would likely be much less than 4% of the total
storm volume, because of the expected short duration of peak runoff from the relatively small
watershed. While there are insufficient reliable flow duration data for this watershed, the annual
percentage of time for which flows are expected to exceed the 25-year design storm peak is probably
much less than 0. I.

Table 8.1. Summary of peak flow rates

for 6.br storms.
i

Recurrence Interval Peak Flow Rate

(yrs) (of.s)
|ii ]]

2 15.1

5 19.4
I0 52.0

25 71.4

50 88.2
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8.2 FUTURE CONDITION

The futurecondition of the MS 3 watershed, as described previously, assumes complete filling
and cappingof theIWMF, and poss_le replacementof the flexible membrane linerswith engineered
covers. These operations will replace an impermeable portion of the watershed surface with a new
surface consisting of at least 18 inches of topsoil, withestablished vegetation. Such a layer can store
up to 6 inches ofwater, whereas the25-yr 6-brstorm depth is less than 4 inches. The capping activity
will thereforeresult in infiltration of storm water into the soil, storage of large depthsof water in the
top soil, anda considerable delay in the drainageof storm water into the stream. The net effect of
these processes is a drop in the peak runoffflow rate. Therefore, for a given rainfall, the watershed
in its future condition will effect lower surface runoff volumes anddischarges.

The peak design discharge for which reliable [low measurements will be required will remain
71.4 cf.s. Requirements regarding suitable [low measuring devices aregiven in Section 4 in the main
body.

8.3 PASSAGE OF THE 24-HOUR STORM

The [low rate of 71.4 cfs as found for the 25-year 6-hour storm is the peak runoffrate from the
watershed surface. Because there will be some ponding of water upstream of MS 3, this flow is
likely to be attenuated. However, due to uncertainties associated with the final installation, such
attenuationwas ignored in specifying the MS 3 requirements. For the 25-year 24-hour storm, the
peak runoff flow rate is 98.9 cf.s. ,However, based on the available elevation-storage capacity
upstream of MS 3, the routed hydrograph will have a peak [low rate of 70.0 cf.s,which is within the
capacity of a 4.5 ft H flume.
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Appendix B

Rating Table For H Flume

4.5 Feet Deep (USDA, 1962)



Rating tables for H flume I (Flume 4.5 Feet Deep)
Head (feet) 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0 0 Trace 0.0031 0.0066 0.0106 0.0154 0.0208 0.0269 0.0337 0.0413

0.1 .0496 0.0578 .0666 .0738 .0855 0.959 .1067 1180 .1298 .1420

0.2 155 .168 .182 .196 .211 .226 .242 .259 .276 .293

0.3 .311 .330 .349 .368 .388 .409 .430 .452 .474 .497
0.4 .520 .544 .569 394 .620 .646 .673 .700 .728 .756
0.5 .785 .815 .845 .876 .907 .939 .972 1.005 1.039 1.073

0.6 I.II 1.14 1.18 1.122 12.5 1.29 1.33 1.38 1.41 1.45

0.7 1.49 1.53 1.58 1.62 1.66 1.71 1.75 1.80 1.84 1.89

0.8 1.94 1.99 2.04 2.09 2.14 2.19 2.24 2.29 2-35 2.40
0.9 2.45 2.51 2.56 2.62 2.68 2.74 2.79 2.85 2.91 2.98

1.0 3.04 3.10 3.16 3.22 3.29 3.35 3.42 3.49 3.55 3.62

1.1 3.69 3.76 3.83 3.90 3.97 4.04 4.12 4.19 4.27 4.34

1.2 4.42 4.50 4.58 4.65 4.73 4.81 4.89 4.98 5.06 5.14
1.3 5.22 5.31 5.39 5.48 5.57 5.66 5.74 5.83 5.92 6.02
1.4 6.11 6.20 6.29 6.39 6.48 6.58 6.68 6.77 6.87 6.97

1.5 7.07 7.17 7.27 7.37 7.48 7.59 7.69 7.80 7.90 8.01
1.6 8.12 8.13 8..34 8.45 8.56 8.68 8.79 8.90 9.02 9.14

1.7 9.25 9.37 9.49 9.61 9.73 9.85 9.98 10.10 10.22 10.35

1.8 10.5 10.6 10.7 10.8 11.0 11.1 11.2 11.4 113 11.6
1.9 11.8 11.9 12.0 12.2 12.3 12.5 12.6 12.8 12.9 13.0

2.0 13.2 13.3 13.5 13.6 13.7 13.9 14.1 14.2 14.4 14.5
2.1 14.7 14.8 15.0 15.2 15.3 15.5 15.6 15.8 15.9 16.1

2.2 16.3 16.4 16.6 16.8 16.9 17.1 17.3 17.4 17.6 17.8

2.3 18.0 18.1 18.3 18.5 18.7 18.8 19.0 19.2 19.4 19.6
2.4 19.7 19.9 20.1 20.3 20.5 20.7 20.9 21.0 21.2 21.4

2.5 21.6 21.8 22.0 22.2 22.4 22.6 22.8 23.0 23.2 23.4
2.6 23.6 23.8 24.0 24.2 24.4 24.6 24.9 25.1 25.3 25.5
2.7 25.7 25.9 26.1 26.4 26.6 26.8 27.0 27.2 27.4 27.7
2.8 27.9 28.1 28.4 28.6 28.8 29.0 29.3 29.5 29.7 30.0
2.9 30.2 30.4 30.7 30.9 31.2 31.4 31.7 31.9 32.2 32.4

3.0 32.7 32.9 33.2 33.4 33.7 33.9 34.2 34.4 34.7 35.0

3.1 35.2 35.5 35.8 36.0 36.3 36.6 36.8 37.1 37.4 37.7
3.2 37.9 38.2 38.5 38.8 39.0 39.3 39.6 39.9 40.2 40.5
3.3 40.8 41.2 41.3 41.6 41.9 42.2 42..5 42.8 43.1 43.4
3.4 43.7 44.0 44.3 44.6 44.9 45.2 45.5 45.8 46.1 46.4
3.5 46.8 47.1 47.4 47.7 48.0 48.3 48.6 49.0 49.3 49.6
3.6 49.9 50.3 50.6 50.9 51.2 51.6 51.9 52.2 52.6 52.9
3.7 53.2 53.6 53.9 54.3 54.6 54.9 55.3 55.6 56.0 56.3
3.8 56.7 57.0 57.4 57.7 58.1 58.4 58.8 59.2 59..5 59.9
3.9 60.2 60.6 61.0 61.3 61.7 62.1 62.4 62.8 63.2 63.6

4.0 63.9 64.3 64.7 65.1 65.4 65.8 66.2 66.6 67.0 67.4

4.1 67.8 68.2 68.5 68.9 69.3 69.7 70.1 703 70,9 71.3

4.2 71.7 72.1 72.5 72.9 73.3 73.8 74.2 74.6 75.0 75.4

4.3 75.8 76.2 76.6 77.1 77.5 77.9 78.3 78.8 79.2 79.6

4.4 80.0 80.5 80.9 81-3 81.8 812 82.6 83.1 83.5 84.0

xRatmg derived from tests made by the Soil Conscrvataon Service at the Hydraulic Laboratory of the
National Bureau of Standards using l-on-8 sloping false flocx.
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o

Effect Of Submergence On Calibration of H Flumes

(Gwinn and Parsons, 1976)



0.04

O.OZ

0
0 O.l 0.3 0.4 0.$ O.S 0.? O.I O.S 1,0

Submergence dz/d I

Effect of Submergence on Calibration of H Flumes




