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FOREWORD

The project described in this report is an intradivisional research
effort which utilizes the talents of a broad spectrum of scientists and
technicians from within the Health Physics Division, supplemented by off-site
consultants and engineers from within ORNL. Those listed below have con-
tributed significantly to the establishement of the Walker Branch Watershed

Project.
HEALTH PHYSICS DIVISION
1. W. P. Bonner, Waste Disposal Section
2. R. H. Boyett, Health Physics Technoclogy Section
3. J. W. Curlin, Radiation Ecology Section
4., T. Grizzard, Radiation Ecology Section
5. D. J. Nelson, Radiation Ecology Section
6. E. L. Norman, Radiation Ecology Section
7. L. N. Peters, Radiation Ecology Section
8. T. Tamura, Waste Disposal Section
9. F. G. Taylor Jr., Radiation Ecology Section
10. R. L. Tortorelli, Radiation Ecology Section
IN-HOUSE SUPPORT
1. C. H. Abner, Plant and Equipment Division
2 D. R. Brown, General Engineering Division
3. J. H. Burris, Computer Sciences Center, ORGDP
4. W. F. Johnson, Instrumentation and Controls Division
CONSULTANTS
1. L. W. Adams, ORAU Participant, Virginia Polytechnic Institute
2. C. E. Calef, ORAU Participant, University of Chicago
3. E. BE. C. Clebsch, University of Tennessee
4. R. H. Moneymaker, U.S. Soil Conservation Service
5. W. M. Snyder, Georgia Institute of Technology

We anticipate an increasing number of research participants as the
project develops from initial characterization to the experimental phase.
It is intended that this project be coordinated with related work being
done elsewhere so that rational conclusions with regional application will

result.

J. W. Curlin - D. J. Nelson






N

LN
1

WALKER BRANCH WATERSHED PRCJECT:

OBJECTIVES, FACILITIES, AND ECOLOGICAL CHARACTERISTICS

J. We CURLIN AND D. Je NELSCN

ABSTRACT

ONE CF THE MOST SERIOUS ENVIRONMENTAL PROBLEMS FACING THE 'EASTERN
Ue So IS THAT OF WATER QUALITY AND STREAM POLLUTION. SMALL EXPERIMENTAL
WATERSHEDS WHICH DEFINE PRACTIZAL ECOSYSTEMS PROVIDE A MEANS FOR

STUDY ING THE EFFECTS OF MAN-CAUSED DISTURBANCES CN WATER GQUALITY.

WALK ER BRANCH WATERSHED, A 24I-ACRE FORESTED CATCHMENT BASIN, HAS
BEEN ESTABLISHED TO PROVIDE DATA ON BASELINE VALUES FOR UNPOLLUTED
NATURAL WATERS, CONTRIBUTE KNOWLEDGE CF CYCLING AND LOSS OF CHEMICAL
ELEMENTS IN NATURAL SYSTEMS, AND ENABLE CONSTRUCTION OF EMPIRICAL MODELS

WITH WHICH TO PREDICT THE ECOLOGICAL EFFECTS OF MAN'S ACTIVITIES.

THIS REPDRY OUTLINES THE OBJECTIVES OF THE PROJECT, DESCRIBES THE

FACILITY AND SUMMARIZES THE ECOLOGICAL CHARACTERISTICS OF THE WATERSHED.



THE WATERSHED AS AN ECOSYSTEM

ECOSYSTEM IS DEFINED IN WE2STER'S DICTIONARY AS A COMPLEX OF
ECOLOGICAL COMMUNITY AND ENVIRONMENT FORMING A FUNCTIONING WHOLE IN
NATURE. THE CREATOR OF THIS TERM, A.G. TANSLEY (1), EMPHASIZED THE
INSEPARABLE NATURE OF ORGANISMS AND THEIR ENVIRONMENT WHICH TOGETHER
FORM A PHYSICAL SYSTEM. THE ECOSYSTEM CONCEPT ITSELF IS SOMEWHAT
ARTIFICIAL IN THAT IT TENDS TO SEGREGATE OVERLAPPING AND INTERACTING
SYSTEMS INTO ISOLATES FOR CONVENIENT STUDY. THE DEFINITION PLACES
LITTLE RESTRICTION ON AREA OR SPATIAL VOLUME TC BE INCLUDED IN
DELINEATING AN ECOSYSTEM, NEVERTHELESS, TC CARRY THIS DEFINITION TO
EXTREMES IN EITHER DIRECTION RUNS THE RISK OF OVER-GENERALIZATION OR
DISCONNECTED FINITENESS. THE PROBLEM THEN IS ONE COF CHOSING A REALISTIC
EXPERIMENTAL UNIT WHOSE SYSTEMATIC RESPONSE HAS PRACTICAL IMPORTANCE TO

THE SOLUTION OF ECOLOGICAL PROBLEMS, A

LS

A WATERSHED DEFINES A PRAZTICAL FECOSYSTEM WHICH REACTS TO THE
CL IMATE OF THE ATMOSPHERF ABOVE, DEPENDS UPON THE REGOLITH BELOW FOR
NJTRITION, AND IS SUBJECT TO IRREVERSIBLE LOSS THROUGH SURFACE STREAM -
FLOW AND DEEP SEEPAGE, BUT WHICZH RESISTS SUCH LOSS BY CONSTANT RECYCLING

AND BIOSYNTHESIS.

THE BIOTIC PRODUCTIVITY AND WATER QUALITY OF TERTIARY STREAMS ARE
DETERM INED BY THE LANDSCAPE FROM WHICH THE STREAM ORIGINATES AND THROUGH
WHICH IT FLOWS. FROM THE TIME WATER ENTERS AN ECCSYSTEM AS PRECIPITAT]ION
UNTIL IT ULTIMATELY REACHES THE SEA, IT IS CONTINUALLY ACCRUING MINERALS
AND ENERGY FROM THE BIOGEOGZHEMICAL CYCLE. THE BIOTIC LIFE OF THE M
AQUATIC SYSTEM IS CLOSELY COUPLED WITH THE TERRESTRIAL SYSTEM IN
JUXTAPOSITION. THE BIOGEOCHEMICAL CYCLE OF A WATERSHED ECOSYSTEM IS -

SHOWN IN FIG. 1.
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CHEMICAL SOLUTES AND PARTICULATE MATTER IN THE SURFACE WATER OR IN
DEEP SEEPAGE WATER REPRESENT AN IRREVERSIBLE LOSS TO THE TERRESTRIAL-AQU
ATIC ECOSYSTEM, WHILE DYNAMIZ PROCESSES OF WEATHERING, BIOLOGICAL "
UPTAKE, FIXATION, AND DECOMPOSITION TEND TO REPLENISH THE SUPPLY AND TO
CYCLE THE ELEMENTS WITHIN THE SYSTEM. WATER RECEIVED AS PRECIPITATION
CONTAINS CHEMICAL ELEMENTS AND ALSO ACTS AS SOLVENT AND CARRIER FOR
NJTRIENTS? THUS RATE AND VOLUME OF PRECIPITATICN ARE MAJOR FACTORS IN
PETERMINING THE CHEMICAL FLUX OF TERRESTRIAL-AGQUATIC ECOSYSTEMS. THE
CLIMATIC AND MICROCLIMATIC REGIME 1S THEREFORE AN INTEGRAL PART OF THE
TOTAL SYSTEM WHICH ESTABLISHES, TO A GREAT DEGREE, THE RATE OF BIQTIC

PRODUCTION, DECOMPOSITION, ENERGY INPUT, AND NUTRIENT LOSS.

WITHIN THE STREAM ITSELF A SIMILAR INTRASYSTEM CYCLE OPERATES.
DISSOLVED NUTRIENTS AND DECOMPOSITION PRODUCTS FROM PARTICULATE ORGANIC
MATTER CARRIED INTO THE STREAM ARE TAKEN UP DIRECTLY BY BIOTA AND THUS -
ENTER THE FOOD CHAIN OF FISHES, AQUATIC INSECTSs AND BOTT CM-FEEDING
ORGANISMS. MINERAL FIXATION BY PERIPHYTON, UPTAKE OF DISSCLVED NUTRIENTS
BY PHYTOPLANKTON, AND PRECIPITATION AS INSCLUBLE COMPOUNDS ACT AS

RESISTORS 70 CHEMICAL LOSS BY THE FLOw OF SURFACE WATER,

BORMANN AND LIKENS (2) HAVE USED A SMALL WATERSHED ECOSYSTEM TO
STUDY NUTRIENT CYCLING IN A NORTHERN HARDWOOD FOREST IN NEW HAMPSHIRE.,
TREATING THE WATERSHED AS AN INPUT-OUTPUT SYSTEM, THEY WERE ABLE TO
ESTIMATE THE NET LOSS OF DISSOLVED NUTRIEXNT ELEMENTS BY MEASURING ICNIC
CONCENTRATION AND WATER VOLUMES RECEIVED BY, AND PASSING FROM, THE
CATCHMENT BASIN. NOT ALL WATERSHEDS ARE SUITABLE FOR SUCH
NJTRIENT-BUDGET STUDIES BECAUSE THIS APPROACH REGUIRES ASSUMPTION OF A -
COMPLETELY WATERTIGHT BASIN WITH NO DEEP SEEPAGE LOSS —-- AN ASSUMPT ION

WHICH MOST WATEISHEDS DO NOT SATISFY.
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BY STUDYING THE WATERSHED UNIT AS A SYSTEM, ONE IS ABLE TO RELATE
THE PRODUCTIVITY OF A NATURAL, RELATIVELY UNDISTURBED, FORESTED
LANDSCAPE TO THE PRODUCTIVITY AND NUTRIENT BALANCE OF THE STREAM. IF
THE FOCAL POINT OF STUDY IS THE ECOLOGY OF THE STREAM AND QUALITY OF THE
SJRFACE WATER THEN EVEN A POROUS SYSTEM CAN BE STUDIED If INFERENCES
REGARDING TOTAL WATER BALANCE AND TOTAL NUTRIENT BUDGETS ARE AVOIDELD OR
TREATED WITH CAUTION. DETAILED STUDY OF THE COMPONENTS MAKING UP THE
WATERSHED SYSTEM WILL YIELD DATA ON NUTRIENT FLUX, POPULATION DYNAMICS,
AND TRANSFER RATES FROM wHICH EMPIRICAL MODELS OF THE WATERSHED

ECOSYSTEM PROCESSES CAN BE DEVELOPED.

INFERENCES FROM SUCH A MODEL CAN HELP EXPLAIN THE MECHANISMS
INVOLVED IN MAINTAINING TERRESTRIAL-AQUATIC PRODUCTIVITY IN DYNAMIC
EQUILIBRIUM. BENCHMARK DATA OF THIS TYPE ARE VIRTUALLY NONEXISTENT --
YET, THEY ARE THE KEY TO THE NATURAL MAINTENANCE OF PRODUCTIVIY AND ARE
A MEASURE OF THE NATURAL ENTROPY OF THE ECOSYSTEM. FURTHERMORE,

COMPAR ISON OF THE STABILITY OF AN UNDISTURBED WATERSHED WITH THE
DYNAMICS OF ONE ALTERED 8Y MAN 'S CULTURAL PRACTICES AND ABUSE IS A GAUGE
OF ENV IRONMENTAL DEGRADATION -- A PARAMOUNT PROBLEM IN THIS DAY OF

RAPIDLY EXPANDING WORLD POPULATION,

WATERSHED RESEARCZH IN THE EASTERN UNITED STATES

WATER YIELD AND SUPPLY

THREE-HUNDRED-TWENTY-SEVEN BILLION GALLONS CF WATER IN THE FORM OF
PRECIPITATION FALL ON THE UNITED STATES ANNUALLY (3). ONLY 2% OF THIS
VOLUME IS DIVERTED AND CONSUMED BY MAN AND 39% IS USED INDIRECTLY WHERE
IT FALLS FOR SUPPORT OF NONIRRIGATED AGRICULTURE AND FORESTS.

DISCOUNTING THE ARID REGIONS OF THE WESTERN UNITED STATES, THE NATION AS



A WHOLE IS BLESSED BY AN ABUNDANCE, AND IN SOME PLACES AN OVER
ABUNDANCE, OF WATER. WITH THE PRESENT POPULATICON STRUCTURE AND
WATER-DEMAND ECONOMY, THE WATER SUPPLY EAST OF THE MISSISSIPPI RIVER o,
MJST BE CONSIDERED AMPLE. THIS PROSPECT CAN CHANGE, HOWEVER, UNDER
POPJLATION PRESSURES PREDICTED BY THE END OF THE CENTURY. ALTHOJGH

CERTAIN LARGE EASTERN METROPOLI TAN AREAS TEMPORARILY SUFFER WATER

SHORTAGES,y THE PROBLEM IS PRESENTLY ONE OF DISTRIBUTION AND MANAGEMENT

RATHER THAN REGIONAL SUPPLY.

PUBL IC AWARENESS OF THE PROBLEMS RELATED TO THE NATION' S WATER
RESOURCES DEVELOPED ABOUT THE TLRN OF THE CENTURY (4). INTRODUCTION OF
THE HAPLESS NEWLANDS BILL IN 1908 PROVIDING FQOR INTEGRATED
WATER-RESOURCES PLANNING, AND LATER, PASSAGE OF THE WEEKS ACT (1911)
AJTHOR IZ ING PURCHASE OF CERTAIN EASTERN NATIONAL FORESTS FOR WATERSHED

PROTECTION WERE THE INITIAL STEPS LEADING TO AN ESTABLISHED PUBLIC -

<1

POLICY OF WATER RESOURCES RESEARCH. SINCE THAT TIME 18 GOVERNMENT

AGENCIES HAVE ACTIVELY CONDUCZTED OR SUPPORTED WATER RESEARCH.

‘

INITIAL RESEARCH EFFORTS WERE AIMED AT STREAM FLOW REGULATION AND
EVALUATION OF THE FOREST AS A MODERATING INFLUENCE. CONSERVATIONISTS OF
THAT TIME FEATURED THE DEVASTATING FLOCDS IN THE UPPER OHIO VALLEY AS
BEING DIRECTLY CAUSED BY THE REMOVAL OF FORESTS AT THE HEADWATERS OF THE
ALLEGHENY AND MONONGAHELA RIVERS. AS EVIDENCE ACCUMULATED SUPPORTING THE
TENET THAT VEGETAL COVER ALONE CQULD NOT REGULATE STREAM FLOW ON THE
MAJOR TRIBUTARIES AND AS ENGINEZRING PRINCIPLES WERE APPLIED TO SOLUTION
OF THE FLOOD PROBLEM, ATTENTION WAS DIVERTED TC MEANS OF PRESERVING FLOW

AND INCREASING WATER YIELD RATHER THAN REDUCING IT. -
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DURING THE 1930'S A NUMBER OF EXPERIMENTAL WATERSHEDS WERE
ESTABLISHED TO EVALUATE THE EFFECTS OF LANC-USE AND VEGETATIONAL REGIMES
ON WATER YIELD, STREAM FLOW, AND EROSION. THE NUMBER OF EXPERIMENTAL
WATERSHEDS HAS PRCLIFERATED SINCE THAT TIME UNTIL THERE IS NOW BETWEEN
585 AND 600 IN OPERATICN -- 256 ARE OPERATED BY THE AGRICULTURAL
RESEARCH SERVICE ANC 212 BY THE U. S. FOREST SERVICE. THE REMAINING
WATERSHED PROJECTS ARE ADMINISTERED BY PUBLIC AGENCIES SUCH AS THE
BUREAU OF LAND MANAGEMENT, TENNESSEE VALLEY AUTHORITY, CORPS OF
ENGINEERS, FEDERAL WATER POLLUTION CONTROL ADMINISTRATICN, AND THE
GECLOGICAL SURVEY. THERE ARE 62 NON-FEDERAL PROJECTS, HOWEVER, MCST CF
THESE ARE FINANCEC WITH FEDERAL FUNDS. A MAJCRITY OF THE NON-FEDERAL
PROJECTS ARE ASSOCIATEC WITH LAND GRANT UNIVERSITIES AND STATE

AGRICULTURAL EXPERIMENT STATIONS.

IN THE EASTERN UNITED STATES SEVERAL INSTALLATIONS ARE PROMINENT
FOR THEIR FEARLY CCNTRIBUTION TC THE BASIC kNOWLEDGE OF WILDLANCD AND

CROP- LANC HYDROLCGY. THESE ARE

t. COWNEETA HYDROLOGIC LARORATORY, L. S, FOREST SERVICE,
FRANKLIN, NCRTH CARGCLINA

2. FERNOW EXPERIMENTAL FOREST, U. S. FOREST SERVICE, PARSONS,
WEST VIRGINIA

3, HYDRAULIC DATA RRANCH, TENNESSEE VALLEY AUTHORITY, KNCXVILLE,
TENNESSEE

4. HUBBARC RROCK EXPERIMENTAL FOREST, U. S. FOREST SERVICE, WEST
THORNTCN, NEW HAMPSKIRE

5. NATIONAL HYCROGRAPH LARORATQORY, L. S. AGRICULTURAL RESEARCH
SERVICE, BELTSVILLE, MARYLAND

6. NORTH APPALACHIAN EXPERIMENTAL WATERSHED, U. S. AGRICULTURAL

RESEARCH SERVICE, COSHCCTON, OHIO



AFTER 30 YEARS OF DATA COLLECTED FROM THESE ANC OTHER LESS
EXTENSIVE STUDIES, CERTAIN GENERALIZATIONS MAY BE DRAWN CONCERNING THE ~
HYDRCLCGIC RESPONSE OF WATERSHEDS TC CULTURAL DISTURBANCE BY MAN.
1. ZONVERSICN FROM CULTIVATFD AGRICULTURE TO FCRESTED CCNCITICNS
GREATLY REDUCES SURFACE RUNOFF AND SEDIMENTATICN BUT RECULCES
TOTAL WATER YIELD VERY LITTLE.
2. AMPLITUDE CF PEAK STREAM DISHARCF IN BOTH SUMMER AND WINTER
FLOCDS IS REPUCED BY FCREST COVER.
3. NORMAL STREAM FLOW IN THF HUMID, FCRESTEC,MCUNTAINOUS AREAS
NF THE EASTERN U.S. IS FED PRIMARILY FY SLCW DRAINAGE FRCM
UNSATURATED SOIL RATHER THAN BY CVERLAND FLCW.
4. DISTURBANCE OF THE FOREST OVERSTCRY BY CUTTING AND TIMBER
REMCVAL TEMPORARILY INCRFASES WATER YIELD BUT CAUSES LITTLE
CISRUPTICN CF THE HYDROGRAPHIC FATTERN, NOR [CQES IT
APPRECTABLY INCREASE SUSPENDED <EDIMENT LOAC IF THE HUMUS -
LAYER REMAINS INTACT AND SURFACE DISTURBANCE 1S KEPT AT A

MINIMUVM,

A RECENT APPRAISAL OF THE STATUS OF FECERAL WATER RESQURCES
RESEARCH MATE BY THE FEDERAL COUNCIt FOR SCTENCE AND TECHNOLOGY,
COMMITTEE ON WATER RESCURCES RESEARCH (5}, CRITICIZED FECERAL SUPPQRT OF
SUCH A LARGE NUMBER OF CONVENTIONAL EXPERIMENTAL WATERSHEDS AND
SUGGESTED RFAPPRAISAL CF CGOVERNMENTAL PROGRAMS., THIS CRITICISM 1S
PARTIALLY JUSTIFIED IN THAT MANY PRCJECTS FAVE COMPLETED THEIR
USEFULNESS AND SHCULD BE SUSPENDED. CHARACTERISTICALLY, PAST WATERSHED
RESEARCH HAS TREATEC THE PROBLEM OF WATER CUALITY AS A SECONDARY
OBJECTIVE. ASIDE FROM ROUTINE SAMPLING FOR SUSPENDED SEDIMENT WITH
WHICH TO MEASURE SOIL LOSS, WATER QUALITY KAS BEEN CHARACTERIZEC BY PH, -

TOTAL HARONESS, ALKALINITY, AND CONDUCTIVITY. IN ADDITION TO TKE

\('.

GROSSNESS CF SUCH TESTS, THE SAMpLING PROCECURES AND EQUIPMENT WERE
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OFTEN INACERUATE TO ACCURATELY CESCRIBE WATER QUALITY IN SUFFICIENT
DETAIL TO SERVE ANYTHING RUT GENERAL CHARACTERIZATICN. THERE IS ALSC A

LACK OF CCCRUCINATICN AMONG THE VARIOUS INTERESTED AGENCIES.

THE COMMITTEE CID RECOGNIZE, HOWEVER, THE IMPORTANT ROLE THAT
EXPERIMENTAL WATERSHEDS CAN PLAY IN TOTAL WATER RESOURCES RESEARCH,
THERE IS NCW A NEED FOR DETAILED INFORMATICN CN FACTORS CF WATER CUALITY
RELATED TC MOVEMENT OF AGRICULTURAL CHEMICALS, EFFECTS OF NEWLY
DEVELOPING LANC-USE PATTERNS, AND MATHEMATICAL MODELING CF THE
HYDROLGGIC-WATER CUALITY CYCLE AND STREAM FLOw--ALL OF THESE PRCBLEVMS
CAN BE ATTACKEC THRCUGK PROPERLY INSTRUMENTED, WELL-CONCUCTED, SMALL

WATERSHED STUDIES.

WATER QUALITY AND PCLLUTICN

NATURALLY OCCURRING WATER IN NORMAL STREAMS AND [MPOUNDMENTS IS A
CILUTE SOLUTION OF BOTH ORGANIC AND INORGANIC SURSTANCES WHICH CONTAINS
A COLLOIDAL SUSPENSION OF SEDIMENTS, ORGANIC CEBRRIS, ANC BIOLOGICAL
ORGANISMS. CONCENTRATION OF THESE COMPONENTS DETERMINES THE QUALITY CF
THE WATER. THE TERM WATER QUALITY , HOWEVER, IS AN ELUSIVE, AMBIGLOUS
ONE, MEANING DIFFERENT THINGS TC DIFFERENT PECPLF. IT IS USER CRIENTED,
DEPENDING CN THE PARTICULAR CHARACTERISTICS REQUIRED FCR A SPECIFIC
APPLICATION. VARYING CEGREES OF TOLERANCE ARE SPECIFIC FOR EACH ySE
WHETHER THE WATER BE FCR MUNICIPAL, AGRICULTURAL, INDUSTRIAL, CR

RECREATIONAL PURPCSES.

POLLUTION IS AN INEVITABLE RESULT OF CUR TECHNOLOGICAL SOCIETY AND
HIGH STANDARD CF LIVING, AND POLLUTION POTENTIAL WILL CONTINUALLY TENC

TO INCREAGE RATHER THAN DECREASE. THE MAGNITUDE CF THE CURRENT WATER
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POLLUTION PROFLEM IS WELL COCUMENTED IN THF LITERATURE AND HAS REEN

Ty

SUMMARIZED RY THE PRESIDENT 'S SCIENCE ADVISORY COMMITTEE (6). PCLLLUTICN

ABATEMENT IS RECEIVING INCREASED NATIONAL ATTENTION ANC THE PURLIC IS

Do
e

BECOMING MORE AWARE OF THE SERIQUSNESS OF THE PROBLEM.

THE EFFECTS CF PCLLUTION ARE SCMETIMES SPECTACULAR -- MORE CFTEN
THEY ARE HIDDEN FRgM CASUAL ORSERVATION. THE EFFECT OF PCLLUTICN CA
STREAM ECCLOGY CAN BF VERY SURTLE AND MAY CAMAGE CNLY A SINGLE CRGANISM
CR GROUP CF ORGANISMS IN A FCOC CHAIN, BUT PY ELIMINATION CF THIS ONF
LINK THE ENTIRE CHAIN MAY BREAKDOWN OR BE SEVERELY ALTERED. ON THE
OTHER HANLC, POLLUTICN CAN CAUSE EXPANSION CF CERTAIN CCMPONENTS CF THF
ECCSYSTEM AT THE EXPENSE OF CTHERS. EUTROFHICATION CAUSED BY ENRICHMENT
OF NATURAL WATERS BY AGRICULTURAL FFERTILIZFERS OR SEWAGE EFFLUENT IS AN
EXAMPLE OF THIS KINC OF DAMAGE. SEVERE ALGAL RLOOMS RESULTING FRCM SUCH
EUTROPHICATION HAyE VIRTUALLY CHOKED SOME IMPCUNDMENTS CAUSING SERICUS
DISRUPTION COF THE ECOLCGICAL STRUCTURE AND IMPAIRING THE WATER CUALITY

FCR HUMAN USE.

WE MUST KNOW MCRE ABOUT THE DELICATE EALANCE OF THE ECOSYSTENM ANC
THE IMRALANCE CAUSEC RY PCLLUTION. IT MUST BE DFECIDED JUST HOW MUCH
POLLUTION WE CAN TCLERATE WITHIN AN ECOSYSTEM WITHOUT CAUSING SERICLUS
CONSEQUENCES. THESE PCLLUTICN THRESHOLD VALUES ARE PARTICULARLY
IMPORTANT SINCE IT IS APPARENT THAT WE WILL CCNTINUE TC LIVE WITH SCME
DEGREE OF POLLUTICN. WE MUST ALSC ESTABLISH THE INTERACTION OF LANC AND
WATER IN RESPONSE TO PCLLUTANTS BECAUSE THEY ARE INSEPARABLE, ANC TEE
LANDSCAPE OFTEN ACTS AS THE INTERMEDIARY BETWEEN MAN-CAUSED POLLUTICN

AND THE WATER. -~
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WALKER RRANCH WATERSHEDR PROJECT

THIS PROJECT IS DESIGNEC TO EVALUATE THE IMPACT OF MAN'S USE CR
MISUSE OF THE LANCSCAPE UPON WATER QUALITY AND BIOTIC PRODUCTIVITY CF
THE WATER WHICK FLOWS FROM THAT LANDSCAPE. IT WILL CONTRIBUTE TC THE
UNDERSTANCING CF BPICGECCHEMICAL RELATIONSHIPS BETWEEN ACUATIC HABITATS

AND THEIR WATERSHECLS.

THE PROJECT IS ORGANIZFD ON THE PAIREC-WATERSHED PRINCIPLE, WHICK
ALLOWS MEASURENENT CF TREATMENT EFFFECTS ON THE TREATED WATERSHEL TG BRE
COMPARED WITH CONTROL VALUES ON THE UNTREATED WATERSHED AFTER ACJUSTMENT
£0R INHERENT RESPCNSE CIFFERENCFS ESTABLISHED DURING A 3-TC 5- YEAR
CRCSS-CAL IRRATION PERICD (7). DURING THE INTERIM, IMPCRTANT INFCRMATICN
ON PRECIPITATION, STREAM FLOW, MINERAL INCCME, MINERAL LOSS, WATER
MOVEMENT, VFGETATIONAL CHARACTERISTICS, SOIL CHARACTERTSTICS, ANLC STREAM
ECOLCGY 1S REING ASSEMPLED WHICH WILL BE USED TO ESTABLISH
INTERWATERSHED CORRELATIONS. SUCH DATA wWItLL ALSO PROVIDE AN INSIGHT TC
THE STABILITY AND CYNAMIC EQUILIBRIUM CONDITICNS CN RELATIVELY

UNDISTURBED FORESTEC WATERSHEDS OF THIS RECION.

THE WALKER BRANCH WATERSHED STUDY IS LLTIMATELY AIMED AT SYNTHESIS
OF AN EMPIRICAL MCCEL WHICH WILL RE{ATE THE RESPONSE OF NUTRIENT FLUX TO
WATER MOVEMENT ANC PROVIDE A MEANS OF ESTIMATING OR PREDICTING THE
SURSEQUENT EFFECT OF A MAN-CAUSED PERTU#BATION ON THE SYSTEM, THE

RESULTING MODEL WILL.

|+ RELATE THE PRODUCTIVITyY AND WATER QUALITY OF THE STREAM TO
THE PRCDUCTIVITY ANC NUTRIENT BALANCE CF THE ADJACENT

TERRESTRIAL SUESYSTEM.
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2. EQUATE THE NET LOSS OF NUTRIENT ELEMENTS TO THE RATE CF
NUTRIENT CYCLING.

3. ESTABLISH THE RELATIONSHIP BETWEEN THF HYDRCLCGIC CYCLE ANC
NUTRIENT FLUX.

4. PROVIDE BENCHMARK INFORMATION OF NATURAL TERRESTRIAL-ACUATIC
FCOSYSTEMS FOR COMPARISON WITH MAN-MODIFIED SITUATICNS.

5. ENABLE THE MEASUREMENT OF ENVIRCNMENTAL DEGRADATION CAUSED RY

MAN'S CULTURAL PRACTICES.

TABLE 1 IS AN CUTLINE OF THE ORGANIZATICN OF RESEARCH ACTIVITIES BRY
SUBSYSTEMS AND RESEARCK CATEGORY. 1IN GENERAL, THE TIME SECUENCE wILL
PROGRESS FROM LEFT To RIGHT, HOWEVER, THE STAGES OF QUANTIFICATION,

ANALYSIS AND MCDELING wWILL RECOME SOMEWHAT SEQUENTIALLY INTERMIXEC.

DESCRIPTION AND LOCATION

WALKER BRANCH WATERSKED IS LCCATEC ON THE AEC OAK RIDGE RESERVATICN
IN ANDERSCN COUNTY, TENNESSEE, LATITUDE 35 CEG 58 MIN ACRTH, LCNGITULCE
A4 DEG IT MIN WEST, 2.6 MILES EAST OF QAK RIDGE NATIONAL LABORATORY
{X=10) ANC 0.5 MILE NORTH OF BETHEL VALLEY ROAD (FIG. 2). WALKER BRANCH
DRAINS INTC AN EMBAYMENT OF TvA'S MELTON HILL RESERVOIR WHICH IS FCRMEL
BY THE IMPCUNDMENT COF THE CLINCH RIVER, THF CUTLET OF WALKER RRANCF IS

33 MILES ABROVE THE CONFLUENCE OF THFE CLINCK AND TENNESSEE RIVERS.

THRE WATERSHELC CCCUPIES A TOTAL OF 241 ACRES (97.5 HA), CONSISTING
CF TWO SURWATERSHECS--THE WEST FORK 3EING 65 ACRES (38.4 HA) ANC THE
EAST FCRK 1u6 ACRES (59.1 HA). THE CATCHMENT BASIN IS BCUNDED CN THE
NCRTH BY CHESTNUT RICGE WHICH REACHES AN ELEVATION OF 1,150 FT ANC

SLOPES RAPIDLY SCUTHWARD TO AN ELEVATICN OF 870 FT IN THE VALLEY AT TFE

1
¥y

vy
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ORNL-DWG 67-7601

7

TENNESSEE ANDERSON
SS COUNTY W\
ROANE ANDERSON _1
COUNTY | COUNTY -
L
WALKER BRANCH
WATERSHED
P % AEC
/~’ OAK RIDGE
RESERVATION

Fig. 2. Location of Walker Branch Watershed Project
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CONFLUENCE OF THE TWO FORKS, THE WATERSHEL IS ALMOST COMPLETELY
ENCIRCLED BY A TERTIARY ROADC SYSTEM WHICH PROVIDES EASY ACCESS TO TEE

PERIMETER AND CENTER RIDGE DIVIDING THE SUBWATERSHEDS.

THE WATERSHEC IS UNDERLAYEN BY KNOX DCLOMITE, A SILICEQOUS, MEDIUM
TO LIGHT GRAY, DENSE TC CCARSELY CRYSTALLINE COLCMITE ROCK OF THE LATE
CAMBRIAN TO EARLY ORDOVICIAN AGE (8). WITHIN THE UPPER 40O FY (122 M)
JASPER CHERT IS FCUND IN ABUNDANCE. THE BECRCCK DIPS TO THE SOUTHEAST
AT A 35-DEGREF ANGLE AND OUTCROPS OCCASIONALLY ON THE STEEPER NCRTHWEST

SLOPES OF THE WATERSHEC.

SOILS FORMED OVER THE DCLOMITIC SUBSTRATE ARE PRECOMINATELY TYPIC

PALEUDULTS. THESE SOILS ARE WELL-DRAINED AND HAVE A HIGH INFILTRATION
CAPACITY WHICH SERVES AS A RESERVpIR OF GRCUNC WATER WHICH FEEDS SPRINGS

AT THE VALLEY FLOCR.

THE CVERSTORY VEGETATICON IS PREDOMINATELY AN OAK-FICKCRY
ASSOCIATION WITH LESSER AMOUNTS OF PINE-OAK-HICKORY ANC PURE PINE
PRESENT. SMALL AREAS CF MIXED MESOPHYTIC VEGETATICN ARE FCUND IN
SHELTERED COVES AND STREAM VALLEYS. PRIOR TO 19u2, u4Lh¥ CF THE AREA
WITHIN THE WEST SUBWATERSHEL WAS CLEARED FCR AGRICULTURFE (PRIMARILY
PASTURE) WHILFE ONLY 132 WAS CLEARED ON THE FAST SUBWATERSHED. SINCE
ACQUISITICN CF THE CAK RIDGE RESERVATION IN 1642, THE AREA HAS BEEN
VIRTUALLY UNDISTRUBED AND NATURAL PLANT SUCCESSION HAS RESTORED THESE

AREAS TO A WELL~STOCKED FORESTED CONDITION.

THE CLIMATE CF OAK RIDGE IS TyYpICAL OF THE HUMID SOUTHERN
APPALACHIAN REGION, MEAN ANNUAL RAINFALL IS APPROXIMATELY 54,7 IN. (139
CM) AND MEAN MEDIAN TEMPERATURE IS 58.2 °F (14,5 °C) (5). PRECIPITATION

1S PREDOMINATELY IN THE FCR¥ OF RAINFALL ALTHCUGH UNDER UNUSUAL
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CONDITIONS SNCOWFALL CAN REPRESENT A SIGNIFICANT PORTICN COF THE TCTAL
WINTER INCCME, SUCH AS IT DIC IN THE WINTER OF 1959-1060 WHEN kl.4 IN.
(105.2 CM) OF SNOW FELL (10). STORM™ TRACKS APPEAR TO TRAVEL NCRTHWEST
YO SOUTHEAST. THE PRECIPITATION PATTERN DURING THE YEAR IS
CHARACTERIZED BY WET WINTERS, COMPARATIVELY DRY SPRINGS FOLLOWEC BY A
RELATIVELY WET SUMMER AND DRY AUTUMN. JULY RAINFALL [5.95 IN.) NCRMALLY
APPROACHES THAT OF THE WET WINTER MONTHS, WHILE JUNE (32,28 IN.) IS
ALMOST As DRY AS THE AUTUMN (FIG. 3). JULY IS GENERALLY THE HCTTEST

e}

° F).

MONTH (77.2 "F) WEILE JANUARY IS THE COLDEST (39.9

FIGURE 4 IS A GENERALIZED PICTURE OF THE WATER BALANCE OF THE AREA
ACCORDING TO THORNTHWAITE S CLIMATIC CLASSIFICATICON (11). THE STRIKING
FEATURE OF THE OAK RIpCEg CLIMATE, AS FAR AS PLANT GROWTH IS CONCERNED,
IS THE DEVELOPMENT CF COMPARATIVELY EARLY WMCISTURE DEFICITS IN THE
SPRING. HCWEVER, JULY ANL AUGUST RAINFALL NORMALLY PREVENTS THE
CEVELOPMENT OF SEVERF SUMMER DEFICITS WHICH OFTEN QCCUR IN OTHER BAREAS
CF THE SOUTHERN UNITED STATES. ApDDITIONAL CLIMATOLCGICAL DATA ARE

INCLUDEC IN APPENLCIX A,

FACILITIES AND INSTRUNENTATION

THE FACILITIES ANC EQUIPMENT ARE CESICGNEL TO PROVIDE COMPREHENSIVE
CATA CN THE FLCW PATTERN AND QUANTITY CF NULTRIENTS, ORGANIC MATERIAL,
AND WATER WHICE ENTERS AND LEAVES THE ECOSYSTEM. THERFE ARE THREE
CATAGORIES OF INSTRUMENTATION.
. HYDROLCGICAL MONITORINSG EQUIPMEAT.
2. ENVIRCNMENTAL MONITCRING EQUIPMENT.

3. FIELD LABORATORY ANC SAMPLE PROCESSING FACILITIES.
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Fig. 3. Climograph of the Oak Ridge Area
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Fig.

MONTHS

L. Annual Water Balance of the Oak Ridge,
Tennessee, Area, Assuming a Soil Moisture Storage
Capacity of 12 In.
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FIGURE 5 SHOWS THE LCCATICN CF THE MONITCRING EQUIPMENT
SUPERIMPOSED ON A PHOTCMAP oF THE WATERSHEC. BRUILDING 0907, ONE-CUARTER
MILE TGO THE SOUTHWEST CF THE WATERSHED, SERVES AS AN EASILY ACCESSIRLE

F1ELD LABORATORY FOR SAMPLE pROCESSING ANp OFFICE USE,

WEIRS

DESIGN ANC CCNSTRUCTION PETAILS -- THE STREAM GAGING STATIONS
LCCATED ABCVE THE CCNFLUENCE OF THE TWO FORKS OF WALKER BRANCH CCNSIST
OF 120-DEGREE V-NCTCH WEIRS CONSTRUCTED ACCCRCING TO DESIGN CRITERIA CF

HERTZLER (12).

DETAILED CONSTRUCTION DRAWINGS ARE SHCWN IN APPENCIX B. DUE TC
RECROCK CONDITIONS THE CUTOFF WALL ON THE WEST FORK WEIR WAS MOVED 70
THE UPSTREAM END CF THE STILLING PASIN (DWG. £03, APPENDIX B) WHICH WAS
THEN MADE INTO A WATERTIGHT BOX. GEOMETRY COF THF TWO STRUCTURES WAS

UNCHANGED AND SHOULLC THEREFORE GIVE COMPARABLE RESULTS.

THE 2.5 FT-DEEP V-NOTCH IS CAPABLE OF MEASURING MAXIMUM FLOWS CF
41.6 CFS (1.18 M/S). A SHARP-CRESTED RECTANGULAR SECTION ABOVE TEE
V-NDOTCH EXTENDS THE UPPER FLOW LIMIT TO 65.7 CFS (1 .86 M/S) WITH
SLIGHTLY LESS ACCURACY. FLOW WILL SELOOM EXCEED 24 CFS (0.68 M/S) SC
THE ACCURACY OF NCRMAL STREAM FLOW MEASURENENTS IS QUITE HIGH EVEN CCwN

TO LOW FLCWS OF LESS THAN 0.001 CFS.

STAGED DRAINS SPACED 12 IN. APART ON THE WETR FACE PERMIT
INCREMENTAL DRAWDCWN, WHILE SAMPLING AND SEPARATICN OF MACRQG-SCLIDS CAN

AE MADE WITH MESHEC BAGS FASTENED TO EACH [RAIN OUTLET. RYPASS CRAINS
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AROUND THE STILLING BASIN PROVICE FCOR CLEANING AND REMCVAL pF RECLCAT
ANC CRGANIC DETRITUS CCLLECTED IN THE BASIN. TRASH SCREENS WILL PRCTECT
THE V-NOTCH FROM CLCGGING DURING PERIODS OF LCW FLOW IN THE AUTUMN WHEN
THERE IS AN ARUNDANCE CF FLOATING DEBRIS AND WATER FLOW IS INSUFFICIENT
TC KEEP THE WEIR BLADF FLUSHED FREE OF LEAVES. PROVISICN WILL ALSC BRE

MACE TC KFEP THE V-NOTCH FREE CF ICE IN THE WINTER.

STAGE HEIGHT RECORDERS -- THE WEIRS ARE EQUIPPED WITH FISCHER ANC
PCRTER MOCEL 1542 PUNCHED TAPE WATER LEVEL RECORDERS (FIG. 6) WHICH WERE
MODIFIED BY THE MANUFACTURER TC GIVE A RESCLUTIOM OF 0.00d FT RISE CR
FALL IN STAGE HEIGHT. OUTPUT IS BINARY COCED AND DIGITALLY RECORCELC CN
2.5-IN. FCIL-RACKED PAPER TAPE. DATA ARE FPUNCHED AT 5-MIN INTERVALS
DETERMINED RY A CRYSTAL OSCILLATOR WHOSE FREQUENCY IS REGULATECD BY

CASCADE FLIP-FLOPS.

THE DATA RECCRCING SYSTEM IS OPERATED PY A é-yDC WET CELL STCRAGE
RATTERY WHICH IS CCNSTANTLY CHARGED BY A TRICKLE CHARGER CONNECTEC 70O
110-VAC LINE CURRENT. THIS POWER SYSTEM CC¥BINES THE MAINTENANCE-FREE
OPERATION COF LINE CURRENT WITH THE DEPENDABILITY OF STCRAGE BATTERIES.
IN THE CASE OF POWER FAILURE THE BATTERY OVERIDE ASSURES RECORD

CCONTINUITY.

CORRESPONCENCE BETWEEN THE WATER LEVEL RECORCERS ANC THE ACTUAL
WATER LEVEL ABOVE THE APEX OF THE V~-NOTCH, IS REFERENCED BY A PRECISE

HOOK GAGE PERMANANENTLY MCUNTEC IN THE STILLING RASIN (CWG. 008,
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6.

.

PHOTO 89618

e

Water Level Recorders Installed at Spring Gage

Y
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APPENDIX R).

SPRING GAGING

THE PRIMARY SPRINCS WHICH FEED EACH FCRK OF WALKER BRANCH ARE
EQUIPEC WITH PARSHALL FLUMES AND FISCHER AND PORTER MOCEL 1542 PUNCKEL

TAPE WATER LEVEL RECORDERS SIMILAR TO THOSE AT THE WEIR SITES.

ON THEE WEST FORK, SPRINC S3W {APPENDIX D.) IS INSTRUMENTED WITH A
6-IN. FLUME CAPABLE OF MEASURING FLOWS UP TC APPROXIMATELY 1 CFS.
SPRING SJE NN THE £AST FORK IS SIMILARLY EGUIPED WITH A 3-IN. FLUME CF
APPROXIMATELY £.5 CFS CAPACITY. THESE SPRINGS ARE THE SCURCE CF A FHIGH
PRCPORTION DF RASE FLOW FROM EACH OF THE SUBWATERSHEDS. SMALLER SPRINGS
ON EACH OF THF FORKS ALSO CONTRIBUTE A LESSER PROPORTICN OF BASE FLCW

RUT ARE TCC SMALL TC GAGE WITH EQUIPMENT AVAILABLE.

PORTABLE, CONTINUCUS-FLOW WATER SAMPLERS WILL BE INSTALLED AT THE
PARSHALL FLUMES PERIODICALLY DURING PERIODS OF INTEREST IN ORDER TC

CHARACTERIZF THE GUALITY CF GROUNT WATER AS 1T APPEARS AT THE SURFACE.

CONTINUQUS WATER SAMPLERS

AUTOMATIC WATER SAMPLERS AT EACH WEIR COLLECT A SAMPLE PRCPORTIONAL
TG STREAM FLOW (FIG. 7). A SIGNAL PROVIDEC BY LOW-TORQUE POTENTICMETERS

LINKED TO THE FISCHER AND PORTER WATER LEVEL RECORDER REGULATES SAMPLING.

A UNICUE FEATURE CF THE SAMPLING SYSTEM IS THE PRCVISION FCR A FAST
SAMPLING MODE wHICH FRACTIONATES THE SAMPLE OVER TIME (FIG. 8). UNCER

NCRMALLY STABLE FLOW CCNDITIONS THE WATER SAMPLE IS COMPCSITED IN



Fig.

7.

2k

Automatic Water Sampler and Fraction Collector

PHOTO 91453

o}
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WATER LEVEL
RECORDER

]

FLOW RATE FLOW RATE
TRANSMITTER TRANSMITTER

FLOW
RECORDER

FAST SAMPLE
TRIP NETWORK ]

l SAMPLING

RATE
COLLECTOR

SAMPLING . RETURN TO

8.

SOLENOID STREAM

i

DIVERTING
SOLENOID

L ]

- -

{

FRACTION
COLLECTOR

A

COMPOSITE 250 SAMPLE CONTAINERS
SAMPLE

J

Schematic Diagram of the Water Sampling System
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27-LITER POLYETHLENE PCTTLES, UPON SENSING AN INCREASE IN STREAM FLCW
WHICH EXCEEDS 2 PRESET DIFFFRENTIAL THRESHCLD, A FAST~SAMPLE MCCE 1€
ACTIVATED WHICH FRACTICNATES THE SAMPLE OVER THE DURATICN CF THE STCRW e
HYCROGRAPH. THE FAST-SAMPLr MCDE 1S ENERGTZEC FROM A SIGNAL ORIGINATING
IN AN CPERATICNAL AMPLIFIFR CIRCUIT WHOSE SENSITIVITY IS REGULATEL WITH
A RELIPOT ADJUSTABLE RETWEEN 5% RISE/MIN ANL S0Z RISE/MIN. DURATICN CF
THE FASYT SAMPLING PERICD IS REGULATED BY AM INTERVALOMFETER ADJUSTABLE
FOR SAMPLE INTERVALS PETWEEN 15 SEC ANp 1027 MIN, THE SUANTITY CF WATER
CCLLECTED TN EACH FRACTIONATED SAMPLE AND THE TIMING OF CCOLLECTICN
RETWEEN SAMPLFE INTERVALS IS ALSC ADJUSTARLE. A MAXIMUMY CF 250 SAMPLES
OF 250 ML FACH MAY BE COLLECTEC, THUS, STOR¥ FLOWS OF 1 KR TO 16 CAYS
CAN BE SAMPLED CCNTINUCUSLY. AFTER THE LAST FRACTIONATED SAMPLE IS
CoLLFCTED THE SAMPLER AUTCMATICALLY RETURNS TC THE NORMAL COMPOSITE

SAMPLING MCDE.

WATER TEMPERATURE IS CONTINUALLY RECORCED WITH AN ANALOG MULTIPCINT
STRIP-CHART RECORCER. RESISTANCE BULR SENSING PROBES ARE LCCATED NEAR b
TeE WATER SAMPLE INTAKE IN EACE STILLING PASIN AND ARE SIMULTANECUSLY
RECORCED ALONG WITH AIR TEMPERATURE ON A SINGLE STRIP CHART. THE WATER
TEVPERATURE PRCBES ARE SENSITIVE T0O 0.5°F WITHIN A RANGE OF +2COF TC +80

(0]

F. AIR TEMPERATURE IS RECORDEC WITH A SENSITIVITY OF 1.5 °F RETWEEN -207

°c anp 139 g,

PRECIPITATION GAGE NFTWORK

FIVE AUTOMATIC FISCHER ANC PORTER SERIES 15u8 WEIGHING PRECITATICN
RECORDERS (FIG. 9) PROVIDE A CONTINUQUS RAINFALL RECORC WITHIN A b
TRIANGULAR NETWORK SUPERIMPCSED OVER THE WATERSHED (FIG. 5). -

PRECIPITATICN CATA ARE PUNCHED AT 5-MIN INTERVALS ON FCIL-BACKED PAPER
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TAPE IDENTICAL TO THAT USED ON THE WATER LEVEL RFCORDERS. CRYSTAL
OSCILLATOR TIMERS ARE ALSC USEC ON THE PRECIPITATION GAGES AND ARE
SYNCHRCMNIZED WITH THE kATER LEVFL RECORCERS SC THAT THFE CORRESPCANLCENCE
RETWEEN TIMING OF PRECIPITATION AND STREAM FLCW CAN BF ESTARLISKEC. THE
RECCRDERS HAVE BEEN CONVERTED FROM CORY CELL RATTERY OPERATICON TC WET

CELL PATTERY QOPERATICN FOR CCNVENIENCE AND ECCNOMY.

THE INSTRUMENTS ARE SENSITIVE TO CHANGES OF 0.025 IN. (8.635 MNM) CF
PRECIPITATION. MEASUREMENT ACCURACY IS PLLS OR MINUS C.15 IN. (2,81 MNV)
BETWEEN O AND 15 IN., FOWEVER, THE ACCURACY OF THE RECCRDCFR 1S LIMITEC
YO THE NEAREST 0.1 IN. (2.54 MM) OF PRECIEITATION., THE 5-MIN PUNCF-CUT
INTERVAL pROVIGES SUFFICIENT DATA FNR RESOLUTION OF SHORT-TERM RAINFALL
INTENSITY INFORMATICN Ag WELL AS LONG-TERM CUNULATIVE PRECIPITATICN.
INTEGRATEL, AREA-AVERACED PRECIPITATION IS CALCULATED BY 2CTH THIESSEN
ESTIMATES FROM POLYGON AREAS SHOWN IN TABLE 2 AND A SECOND-ORDER
POLYNOMIAL RESPONSE FUNCTION WHICH GENFRATES AN ISCHYETAL MAP FRCM THF

PR-CIPITATION INPUT DATA,

PRECIPITATION AND CRY FALLOUT COLLECTORS

ASSOCIATEE WITH EACH PRECIPITATION GACE IS A MODIFIED WONG RAINFALL
COLLECTOR (FIG. IC) CAPABLE CF COLLFCTING SAMPLES FOR ANALYSIS CF BCTHR
RAIN SCAVENGEC CHEMICAL ELEMENTS AND DRY PARTICULATE FALLCUT. THE WwoNG
SAMPLERS ARE SENSITIVE TO TRACE AMOUNTS OF PRECIPITATICN. AS SCCN AS
SUFFICIENT MOISTURE HAS COLLECTED TO SHORT THE PRINTED CIRCUIT CN THE
SENSING UNIT, A CCVER SWINGS AWAY EXPOSING THE PRECIPITATICN COLLECTING
BOTTLE WHILE CCVERING THg DRY FALLOUT COLLECTCR MOUNTECD BEHIND. IN TKIS
MANNER, BOTH SCURCES OF ELEMENTAL INCOME ARE SAMpLED OUT OF PHASE WITK A

SINGLE CONTRQOL UNIT. SAMPLERS OPERATED IN THIS FASHION PRCTECT THE
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Table 2. Areas Represented by the Precipitation Gages
on Each Subwatershed (Thiessen Polygons)

West Fork East Fork
Gage Number (acres) (acres)
1 34.6 4.6
o 33,0 -
3 27.2 75.8
Y - 30.6
- 5 -- 35.0

Total 95.0 146.0

V7
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WATER SAMPLE FROM FCOREIGN MATTER AND EVAPORATION. CHEMICAL ANALYSIS Cf
THE PRECIPITATION PROVIDES CONCENTRATICON DATA WITH WHICH TC EXPANDC THE
ARFA-VOLUNME ESTIMATES BASED ON PRECIPITATICN RECORDS. UNIT AREA
ESTIMATES COF TOTAL CHEMICAL INCOME TO THE WATERSHED CAN THUS BE
DEVELOPEpD FROM A CCOMBINATION OF DRY FALLOUT DATA EXPANDED FOR TCTAL AREA

AND RAIN-SCAyYENGELC MATERIALS EXPANDED FOR AREA-VOLUME CF PRECIPITATION.

DATA HANDLING AND CCMPUTER ANALYSIS

AN INTEGRATEC SYSTEM OF HYDROLOGICAL ANALYSIS HAS REEN DEVELGPED
FOR PROCESSING MONTHLY PUNCHED TAPE RECORDS FROM THE FISCHER AND PCRTER
MONITORING EQUIPMENT. THE INITIAL TAPE-TC-CARD CONVERSION IS MADE AT
THE COWEETA HYCRQLOGIC LARORATORY UNDER SPECIAL AGREEMENT BETWEEN AEC
AND THE U.S. FCREST SERVICE. RAw DATA CARLCS ARE THEN EDITED FCR
OMISSIONS AND INSTRUMENT MALFUNCTIONS AT ORNL PRIOR TO SUBSEQUENT

SUMMARYTZATION.

FIGURE Il SHCWS THE FLOW COF DATA AND ANALYTICAL SUMMARIES pRCDUCEC
BY THE COMPUTER ANALYSIS. THE INITIAL PHASE CF DATA REDUCTION PRCDUCES
A GECK OF KHEOLLERITH CARDS WITH TIME-DEPTH FIELDS FOR EACH PRECIPITATICN
GAGE AND PARALLEL DECKS OF TIME-HEAD READINGS FOR THE WATER LEVEL
RECORDERS. THIS STEP REDUCES CATA VOLUME FEY CELETING FERIODS OF ZERO
PRECIPITATICON CR PERICCS CF LITTLE CHANGE 1IN STREAM FLCW FRCOM THE

RECORD.

SUMMARTES ARE THEN CCMPILED FOR BOTH FRECIPITATICN RECCRDS AND
STREAM FLOW DATA. THE SUMMARY TABLES INCLULE CAIL Y AND WEEKLY VALUES,
AREA-AVERAGED ESTIMATES OF PRECIPITATION, STORM PERIOD IDENTIFICATICN,
RAINFALL INTENSITY STATISTICS, AND 2 SAMPLE CCRRFLATICN MATRIX FCR STCRM

PATTERN ANALYSIS. STREAM FLOW DATA ARE SINMILARLY SUMMARIZED TG GIVE
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DAILY ANp PFRICDIC DISCHARGE, STORM PEAK ICENTIFICATION, FLOW-CLASS
FREQUENCIES, AND MAXIMUM-MINIMUM FLCW PERICCS. PRECIPITATION AND STREAM
FLOW DATA ARE EXPRESSEC IN BOTH STANDARD U. S. UNITS AND METRIC
EQUIVALENTS. A CCMPUTER PLOTTING ROUTINE CIVES PARALLEL GRAPHIC CUTPUT
OF THE CONTINUCUS STREAM HYDROGRAPH AND ASSCCIATED HYETOGRAPH AS WELL AS
AN ISOHYETAL MAP OF THE PRECIPITATION PATTERN OVER THE WATERSHED. THE
ENTIRE SUMMARY PACKAGE FOR POTH PRECIPITATICN AND STREAMFLOW WILL BE
TRANSFERRED TO MICRCFICHE AND REPRODUCIBLE MICROCARDS FOR STORAGE AND
DISTRIBUTION TO PARTICIPATING INVESTIGATORS AT THE END CF THE YEAR CF

RECORC.

HYDRCGRAPH ANALYSES ARE PERFCRMED SEPARATELY ON EACH STORM EVENT
PREYIOUSLY IDENTIFIED FROM THE PRECIPITATICN CATA. A MODIFIED UNIT
HYDROGRAPH APPROACH IS USED TO EVALUATE THE RUNOFF RESULTING FRCM CONE
INCH OF EFFECTIVE RAINFALL IN CHARACTERIZING WATERSHED RESPONSE TC
PRECIPITATION EVENTS. MORE DETAILED ANALYSES OF FLOW SEPARATICON ANC
TIME DELAY PHENOMENA ARE PERFORMED oN THE STORM HYDROGRAPHS USING LEAST
SQUARES SCLUTICN, INTEGRATION, CIFFERENCING EQUATIONS, AND INFILTRATICN

MCDELS.

THE FINAL STEP IN DATA PROCESSING MERCFS THE CHEMICAL CONCENTRATICN
OATA FROM PRECIPITATION AND STREAM WATER SAMPLES WITH THE VOLUNME
EXPANSION CERIVED FROM TOTAL AREAL PRECIPITATION INCOME AND TOTAL STREAM
FLOW VOLUME L0SS. COUPLED WITH THE ESTIMATES OF CRY PARTICULATE
FALLOUT, THESE DATA REPRESENT THE GAIN AND LOSS OF CHEMICAL ELENENTS TC

THE NyUTRIENT BUDGET OF THE WATERSHED ECCSYSTEN,
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GRID SYSTEM AND GROUNLC CONTROL

PLANIMETRIC CONTRCL ON THE WATERSHED IS TIED TO THE ACMINISTRATIVE
GRID SYSTEM FOR THE RESERVATION. GRID NORTHF HAS A DECLINATION 34 GCEG 13
MIN WEST CF TRUE NCRTH ANL THE ORIGIN OF THF GRID SYSTEM IS AT LATITUCE
35 DEG 49 MIN 22 SEC NCRTH, LONGITUCE 84 DEG 21 ™IN 40 SEC WEST. ALL
DISTANCES AND BEARINGS REFERENCED TC THIS CRID FALL IN THE NORTHEAST
QUADRANT, THUS THEIR CCORDINATES ARF POSITIVE AND THE CISTANCE ANp
DIRECTION CF ANY pOINT IN RELATION TO ANOTHER CAN BE EASILY COMPUTEL

TRIGCNOMETRICALLY,

CONTRCL POINTS WERE SURVEYED ON OLD BETHEL VALLEY RCAD ANC CN THE
TELEPHCNE RIGHT-OF-WAY NORTH oF BFAR CREEK VALLEY ROAD. THESE POINTS
ARE MCNUMENTED ANDC SERVE AS AERIAL PHOTO CCNTROL POINTS. PRICR TC THE
INITIAL PHCTO FLIGHT IN SEPTEMRER 1966, WHITE Y-SHAPED TARGETS WERE
PAINTEC OVER FEACH PHOTC CONTROL PCINT TO SERVE AS GROUND CONTROL (FIG.
51. BOTH HORTZONTAL AND VERTICAL CONTROL WERE EXTENDEL UP THE ACCESS
RCAD T THE WEIR SITES WHERE 3 PERMANENT RENCHMARKS WERE ESTABRLISHEC FCR

TRIANGULATION (FIG. 12).

A HIGH DENSITY GRID SYSTEM WAS SUPERINMPCSED QVER THE ARFA AT A GRID
INTERVAL CF 264 FT (80.47 M), THE NORTH-SCUTH ANC FAST-WEST LINES WERE
CLEARED AND PAINTED WITH YELLOW PAINT. AT THE INTERSECTION OF THE
LINES, ALUMINUM STAKES WERE CRIVEN INTC THE GROUND AND TAGGED WITH AN B
DIGIT CCORCINATE-- THE YOP 4 DIGITS DENCTING THE N COQRDINATE ANT THE
BCTYOM 4 DIGITS TRE E COORDINATE. THE GRIT LINES ARE REFFRENCEC RY
STEEL FENCE POSTS WHFERE THEY CROSS ROACS AND WATFRSHED RCUNDARIES. THIS
GRID SYSTEM IS THE BASIS FCR ALL SUPRSEQUENT MAPS AND SURVEYS ON THE

WATERSHED.,
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A PLANIMETRIC BASE MAP WAS PREDARED FROM A RApIAL LINE PLCY CF THE
SEPTEMBER, 1957, INFRARED AFRIAL PHOTOGRAPFY COUPLED WITH THE GRCUNC
SURVFY. ALL CTHER MAPS OF CULTURAL, TCPOGRAPEIC, AND VEGETATICNAL

FEATURES WERE SUPERIYPCSEL NVER THE BASE MAD AT A SCALF COF 3,168,

VEGETATION SURVEY

CLASSIFICATION OF CVERSTORY VEGETATION

THE INITIAL STEP IN CHARACTERIZING THE VEGETATION OF WALKER PRANCH
WATERSHED WAS STRATIFICATIQN AND MAPPING Of THE FOREST CVERSTORY CN THE
RASIS CF SPFCIES COMPOSITION, STAND DENSITY, AND AVERAGE STAND HEIGKT
{FIG. 13). MAPPING WAS DCNF FROM THE GROUNEC USING THE GRILC SYSTEWM S
REFERENCE. SINCE EACH GRID CELL ENCLOSES 1.6 ACRES ([D.644R HA)}, STANDS

DCWN TO APPROXIMATELY /4 ACRE (0.1 HA) ARFA WERF MAPPED,

A COMPUTER MAP WAS GENERATED FROM THE FQREST COVER CATA USINGC A NMaAP
INFORMATICN ASSEMBLY AND CISPLAY SYSTEM (MIACS) DEVELOPED BY THE Le S
FCREST SERVICE (13). THE COMPUTER PROGRAM CALCULATES AREAS ANC
PROPCRTIONS REPRESENTEL BY FACH STRATUM ANC LISTS THEM IN TABULAR FCRM,
AN OPTICNAL SUBROUTINE MERGFS TWO SFPARATE CLASSIFICATIQN SCHEMES (E.G.
VEGETATION ANC SOILS) INTC A NEW CORING SYSTEM WITH THE ASSCCIATEC AREAg
AND PROPORTIONS IN EACE NEW COMBINED STRATUM PLUS A CONPUTER BASE MAP CF

THE MERGED CLASSTFICATION.

DISTRIBUTICN CF CVERSTCRY STRATA

TABLE 3 AND TABLE U4 SUMMARIZE THE AREA DISTRIBUTICN CF QVERSTORY

VEGETATION FOR THE WEST FORK SUBWATFRSHED AND EAST FORK SUBWATERSHED,

fe
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Table 3. Acreage Summary of Overstory Strata — West Fork, Walker Branch Watershed

Acres Percentage Area

Average Stand Height (ft) Average Stand Height (ft)

Density Density
2 > Total 2 S Total
(Basal Area ft“) 0-20 21—40 41-80 Z£381 (Basal Area ft“) 0-20 21-40 41-80 <281
Pine

0—-40 0 0—-40 @

41-80 0 41-80 0
81—-100 4.0 4.0 81-100 4.2 4.2
2101 6.8 6.8 2101 7.2 7.2
Total 0 0 10.8 0 10.8 Total 0 0 114 0 11.4

Pine — Oak — Hickory

0—40 0 0-40 0
41--80 0.5 1.1 1.6 41-80 0.5 1.2 1.7
81-100 1.0 1.0 81-100 1.1 1.1
2101 0.2 0.2 2101 0.2 0.2
Total 0 0.5 2.3 0 2.8 Total 0 0.5 2.5 0 3.0

Oaok ~ Hickory
0—-40 1.7 0.6 2.3 0-40 1.8 0.6 2.4
41-80 11.5 7.5 19.0 41-80 12.1 7.9 20.0
81-~100 2.1 16.4 0.7 19.2 81—-100 2.2 17.3 0.7 20.2
g101 0.2 13.1 2.1 15.4 Z101 0.2 13.7 2.2 16.1
Total 0.2 15.3 37.6 2.8 55.9 Total 0.2 16.1 39.5 2.9 58.7
Mesophytic Hardwoods

0-40 1.1 2.7 3.8 0—-40 1.2 2.8 4.0
41-80 3.6 0.6 4.2 41--80 3.8 0.6 4.4
81-100 7.5 7.5 81—-100 7.9 7.9
2101 7.1 7.1 2101 7.5 7.5
Total 0 1.1 13.8 7.7 22.6 Total 0 1.2 14.5 8.1 23.8
Open 2.9 Open 3.1

Grand Total 95.0




Table 4. Acreage Summary of Overstory Strata — East Fork, Walker Branch Watershed
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Acres

Percentage Area

Average Stand Height (ft)

Average Stand Height (ft)

Density Density
2 > Total 2 S Total
(Basal Area ft“) 0-20 21-40 41-80 <£81 (Basal Area ft“) 0-20 21-40 41-80 =81
Pine

0-40 0 0--40 0
41-80 0.4 0.4 41-80 0.3 0.3
81-100 1.9 1.2 3.1 81-100 1.3 0.8 2.1
2101 0.9 1.3 2.2 2101 0.6 0.9 1.5
Total 0 3.2 2.5 0 5.7 Total 0 2.2 1.7 0 3.9

Pine - Oak — Hickory
0—-40 1.0 1.0 0—-40 0.7 0.7
41-80 2.2 11.5 13.7 4180 1.5 7.9 9.4
81-100 2.0 9.0 11.0 81-100 1.4 6.2 7.6
2101 53 03 5.6 2101 3.6 02 3.8
Total 0 5.2 25.8 0.3 31.3 Total 0 3.6 17.7 0.2 21.5
Oak — Hickory
0—-40 0.2 1.0 0.6 1.8 0—-40 0.1 0.7 0.4 1.2
4180 1.9 16.1 1.9 19.9 41-80 1.3 11.0 1.3 13.6
81-100 33.3 3.9 37.2 81-100 22.8 2.7 25.5
2101 19.3 8.3 27.6 z101 13.2 5.7 18.9
Total 0.2 2.9 68.7 14.7 86.5 Total 0.1 2.0 47.0 10.1 59.2
Mesophytic Hardwoods
0—-40 1.2 2.6 2.3 6.1 040 0.8 1.8 1.6 4.2
41-80 0.4 0.7 1.1 41-80 0.3 0.5 0.8
81—-100 1.5 1.5 81—-100 1.0 1.0
2101 3.1 104 13.5 2101 2.1 71 9.2
Total 1.2 3.0 7.6 10.4 22.2 Total 0.8 2.1 5.2 7.1 15.2
Open 0.3 Open 0.2
Grand Total 146.0
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RESPECTIVELY. PERCENTAGE CISTRIBUTION OF AREA IN QOAK-FICKCRY ANC

3

MESOPHYTIC HARCWOOC FOREST TYPES ARE SIMILAR ON BOTH SUBWATERSHECS. THE -~
EAST FORK SUBWATERSHED CONTAINS A MUCH LARGER PERCENTAGE OF
PINE-CAK-HICKORY TYPE WHILE THE WEST SUBWATERSHED CONTAINS MORE PINE
TYPE. THE WEST FCRK SUBWATERSHED HAS A LARGER AREA CLASSIFIED AS CPEN

BECAUSE OF A SCUTHERN PINE BEETLE { CENDROCTONUS FRONTALIS) CcONTRCL

OPERATION IN 1965 WHICK REMCVED THE OVERSTCRY VEGETATICN, THIS AREA IS
PRESENTLY IN AN INITIAL STAGE OF SUCCESSION. THE SQUTHERN PINE BEETLE
EPIDEMIC WAS A SO RESPCNSIBLE FOR CONVERSICN CF A MODERATE ACREAGE CF
PINE AND PINE-HARCWCOD TYPE TO LOW DENSITY, SHORT STANC-HEIGHT
MESOPHYTIC HARCWCCDS AND CAK-HICKORY ON THF EAST FORK SUSWATERSKED

{Tagle u).

THERE IS A PRECOMINANCE OF FCREST COVER IN THE b1- TC BRO- FT HEIGHT
CLASS ON POTH SyRWATERSHELCS. STAND DENSITY IS FAIRLY WELL DISTRIBUTEC -~
OVER ALL BASAL AREA CLASSES ALTHOUGH THERE IS A CENTRAL TENDENCY ARCUND

THE B1- TC 83— FT CLASS AND THE R1- TO 13C- FT  CLASS.

VEGETATIONAL INVENTCRY SYSTEM

THE MAJOR ORJECTIVE CF THE VEGFTATIONZL SURVEY IS TC QUANTIFY THE
STANDING CROP ¢F VEGETATICN IN RELATION TO SIZE DISTRIRUTION, SPECIES

CC¥POSTITICN, AERTAL RICMASS, ANC FINALLYy, CHENMICAL BALANCE.

A STRATIFIED RANDCM CESIGN WITH SAMPLF PLOTS ASSICNED To EACH
CVERSTCRY STRATUM IN PROPGRTION TC ITS ARES CONTRYIBUTICN (1y) wWAS USEC
AS BASIS FCR CEVELCPMENT CF STAND TABLES AND SPECIES—-FRECUENCY CATA. CN
THE BASIS OF yARIANCE ESTIMATES CALCULATELC FRCM FCREST MANAGEMENT CATA
COLLECTED CN CAK RICGFE RESERVATION PLUS OTHER PRACTICAL CONSIDERATICNS, f

IT WAS DETERMINED THAT APPROXINMATELY 300 pLCTS WERE NEEDEC TO ESTIMATE
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THE REGUIRED STANC INFCRMATTION WITHIN PLUS/MINUS 152 ON THE WATERSHED.
THE 95-ACRE WEST FORK SyUBWATERSHED RECEIVEL 123 PLOTS WHILE THE 146-ACRE

EAST FORK RFCEIVELC 183 PLOTS.

PLOTS WERE ASSIGNED PY A CCMPUTER RANLCCMIZING ROUTINE IN
CONJUNCTICN WITH THE CCMPUTER FOREST COVER MAP DEVELOPED BY MIACS (13).
THE ROUTINE GENERATED RANCOM NUMBERS WHICH WERE REFERENCEC TO A TWO
DIYENSIONAL ARRAY IN WHICH THE CODEDR FOREST CCVER MAP WkAS STOREC. IF A
SAMPLE WAS NEEDED IN THE STRATUM COVERING THE GENERATELC POSITICN, A PLCT
WAS ALLOCATED, ANC THE COORDINATES OF THE SELECTED POINT WERE LISTEC.
THIS SEQUENCEWAS REPEATED ON FACH SUBWATER SHEC SEPARATELY UNTIL THE
NUMBER OF PLOTS NEEDED IN EACH STRATUM WAS FILLED. LOCATION CF THE
PLOTS SUPERIMPOSEC OVER THF COMPUTER MAP 1S SHOWN IN FIG. lu. SAMPLE
PLOT ALLOCATICN PER STRATUM IS LISTED IN TAELE 5. PLOTS WERE NCT

ASSIGNED TC STRATA CF LEsS THAN 0.6 TOTAL ZCRES.

CONCENTRIC CIRCULAR PLOTS WERE ESTABL ISHED AT EACFKF SAMPLE PCINT.
CONFIGURATION, DIMENSICNS, AND SAMPLING CRITERIA ARE SECWN IN FIGURE 15,
PLOT RADI] WERE CCRRECTED FOR MAXIMUM SLOPE AT THE SAMPLE POINT. PLOT
CENTERS ARE MARKELD WITH ORANGE FLUORESCENT STAKES TAGGED WITH THE GRIC
COGCRDINATES OF THE SAMPLE POINT. THE NESTEL CONCENTRIC PLCT DESIGN
PERMITS SAMPLING CF THE VARTIOUS TREE DIAMETER CLASSES WITH APPROXIMATELY
THE SAME PRECISICN. SINCE THE NUMBER OF STEMS PER UNIT AREA IS
INVERSELY RELATED TC STEM DIAMETER, SAMPLE PLCT AREA IS DIRECTLY
PRGPORTIONAL TC STEM DIAMETER SO THAT TREES GREATER THAN CR EQUAL TC 9.6
IN. (24.38 M) DBp ARE SAMPLED ON 0.2 ACRE (0.081 HA) WHILE STEMS LESS
THAN OR EGQUAL 710 C.5 IN. {12.7 MM) DBH ARE SAMPLED ON 01.0001 ACRE (B.OCCH
HA). STEMS IN OTHER SIZE CLASSES ARE SAMPLED ON INTERMEDIATE SIZE

PLOTS. FACH WCODY STEM GREATER THAN OR EQUAL TO 0.6 IN. pDBH IS ASSIGNED
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o-
_-, Table 5. Number of Sample Plots Allocated to Each Vegetational Stratum
West Fork Subwatershed East Fork Subwatershed
Density Average Stand Height (ft) Total Density Average Stand Height (ft) .
2 S ota 2 > Tota
(Basal Area ft<) 0-20 21-40 41-80 =81 (Basal Area ft“) 0-20 21-40 41-80 £81
Pine
0—40 0 0—40 0
41-80 0 41-80 0
81-100 5 5 81-100 2 4
2101 8 2101 2 4
Total 0 0 13 0 13 Total 0 4 0 8
Pine — Oak — Hickory
0—40 0 0-40 0
41-80 2 41-80 20 23
81--100 2 2 81—-100 15 18
2101 0 2101 9 9
Total 0 0 4 0 4 Total 0 44 0 50
. Oak — Hickory
0—40 2 2 4 0—-40 2
PR 41-80 12 7 19 41—-80 15 2 19
81—-100 2 15 19 81-100 31 35
) 2101 12 14 2101 18 7 25
Total 0 16 36 4 56 Total 0 64 13 81
Mesophytic Hardwoods
0—40 2 7 9 0-40 2 5 13
41-80 9 2 11 40—-80 2
81-100 15 15 81100 2 2
2101 15 15 2101 6 21 27
Total 0 2 31 17 50 Total 2 13 21 44
Grand Total 123 Grand Total 183
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A NUMRER AND TAGGED AT 4.5 T AROVE THE GRCUNEC (DBH). DIAMETER, TCTAL
HEIGHT AND SPECIES ARE RECCRDEC ON FORMS FCR SUBSEQUENT COMPUTER
PROCESSING AND TAPULATION. STEMS LFSS THAN OR EQUAL TC n.5 IN. ARE

RECORDED PY FREQUENCY WITHIN 2-FT HEIGHT CLASSES BY SPECIES.

UNDERSTORY VEGETATION IS INVENTORIED CN RADTAL LINE PCINT TRANSECTS
SPACED 120 DEG APART. FEACH TRANSECT IS THE LENGTH OF THE 0.2 ACRE PLCT
RADIUS ANp IS LOCATABLE BY ALUMINUM STAKES CN THE PLOT PERIMETER. THE
TRANSECTS WFRE INVENTORIED RY STRETCHING A NYLON CORD MARKED AT t-FT
INTERVALS RETWEEN PLOT CENTER AND THE PERINETER STAKE. AT EACH INTERVAL
A POINT ORSERVATICN WAS TAKEN AND SPECIES CCCURRENCE WAS RECORCEC,
PERCENTAGE OCCURRENCE BASED CON 159 POTENTIZL STRIKES PER PLCT WAS

COMPUTED BY SPECIES FCR EACH STRATUw.

DETAILED RESULTS CF THF VEGETATIONAL SURVEY WILL BE COMPILEC IN

FUTURE DOCUMENTS.

SOIL SURVEY

AN INTENSIVE SCIL SURVEY WAS CONDUCTEp RY EXPERJFNCED PERSCNNEL CF THE
SCIL CONSERVATION SERVICE CURING THE SUMMER OF 1967. FIELC MAPPING WAS
KEYED TO THE 4-CHAIN (264-FT) GRID SYSTEM CESCRIBED EARLIER, AND SCIL
MAPPING UNITS Cg 1/4 ACRE CR MCRE WFRE RECCRDED. TABLE 6 LISTS THE SclItL
SERIES MAPPED CURING THE COURSE OF THE SURVEY. DETAILED CESCRIPTICKNS CF

THE ESTABLISHEC SERIES ARE GIVEN IN APPENDIX (.

AREAS OF EQUAL LAND SLOPE ARE SHOWN IN FIG. 16 ANC ACREAGE
SUMMARIES OF SLOPE CLASSES ARE GIVEN IN TAELE 7. APPRCXIMATELY
TWO-THIRDS OF THE TCTAL AREA IS ON SLOPES CGREATER THAN 20%. SLCPES

EXCEEDING 30N% CCCUPY u2% OF THE AREA OF THE WEST SUBWATERSHED AND 4€% CF
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Map of Land Slope, Walker Branch Watershed.
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L8

Area Distribution of Land Slope

on Walker Branch Watershed

Percent Area

Subwatershed Subwatershed
Slope Class

(%) West East West East
2-5 1 2 0.6 1.5
5-12 10 16 10.8 10.7
12-20 27 29 28.7 19.8
20-30 17 29 17.7 20.2
30+ Lo 70 Yoo 7.8

'
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THE EAST SURWATERSHED. THE STEEPEST TOPOGRAPHY IS FOUND ON MID-SLCPES
ADJACENT TO THE MAJOR STREAMS AND TRIBUTARIES (FIG. 12). SHEAR RCCK
OUTCROPS OCCUR INTERMITTENTLY CN THESE AREZS, PARTICULARLY CN THE E£AST

SUBWATERSHED.

THE SOILS FORMED CN THE WATERSKHED ARE PRIMARILY ULTISCLS (15},

FORMERLY CALLEC RED-YELLOW PCDZCLICS. THESE SOILS DEVELCP IN HUMID
CLIMATES CF THE TEMPERATE TO TROPICAL ZONES ON OLD OR HIGHLY WEATHERECL

PARENT MATERIAL UNDER FOREST OR SAVANNAH VEGETATION. SMALL AREAS OF

INCEPTISOLS ARE FCUND IN ALLUVIAL AREAS ACJACENT TO THE STREAMS.

THE PREDOMINANT CLAY MINERAL IN THESE SOILS 1S KACLINITE WITH
LESSER AMCUNTS OF VERMICULITE, HYDROUS MICAS, AND QUARTZ FORMING THE

COMPLEMENT.

FULLERTON SOILS CCCUpY THE RIDGE TOPS ANC UPPER SLOPE POSITICNS
WHILE BODINE 1S FCUND CN INTERMEDIATE AND LOWER SLOPES (FIG. 17). AREAS
OF CLAIRORNE SCIL ARE LOCATFD ON LOWER SLCOFES AND RENCHFES CN THE
DOWNSTREAM PORTION CF EACH SUBWATERSHEL JUSY ABOVE THE WEIRS. TARKLIN
ANC LINSIDE gOILS OCCUPY MINOR AREAS IN THE MAJOR STREAM BOTTOM CF THE
EAST FORK ON ALLUVIAL CR COLLUVIAL DEPOSITS WASHED FROM THE UPLANCS.
STONYLAND AND ROCKLAND OCCUR ON LOWER SLOPES NEAR THE WFIRS WHERE TVHE

DOLOMITE SUBSTRATE TENCS TO QUTCROP OR LIE NEAR THE SOIL SURFACE.

TABLE 8 SUMMARIZFS THE RESULTS OF THE SOIL SURVEY. FULLERTCN SCILS
CCCUPY APPROXIMATELY CNE-HALF CF THE ACREAGFE CF FACH SUBWATERSHEC WHILE
MEMBERS OF THE BODINE SOIL SERIES COVER APPROXIMATELY 47% CF THE EAST
SUBWATERSHED AND 27% OF THE WEST SURWATERSFED. TOGETHER, THE FULLERTCN
AND BOCINE SOILS COMPRISE 90% TO 96% OF THE TCTAL AREA. THE REMAINCER
OF THE WATERSHED 1S OCCUPIED BY MINOR SOIL SERIES, ROCK CUTCROPS, AND

DEEP CHERT REDS.



50

ORNL DWG. 67-1091k

3 1]

1T O] i ]

E

Fig. 17.
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Table 8. Acreage Summary of Soil Survey on Walker Branch Watershed

Map Slope Erosion Acres Percent Area
Texture Class

Symbol % Class West East West East
Fullerton Series

64C1 Sil 5-12 Slight 1.5 1.6

64C2 Sil 5—-12 Moderate 1.4 1 1.5 0.4

64D1 Sil 12—-20 Slight 2.0 2.1

64D2 Sil 12-20 Moderate 0.5 0.5

65C1 Cherty Sil 5-12 Slight 7.3 10.8 7.7 7.4

65D1 Cherty 8il 12-20 Slight 17.0 28.5 17.9 19.5

65E1 Cherty Sil 20-30 Slight 7.7 14.6 8.1 10.0

65E3 Cherty Sil 20-30 Severe 0.2 0.2

65F1 Cherty Sil 30+ Slight 8.0 16.9 8.4 11.6

65F2 Cherty Sil 30* Moderate 0.6 5.1 0.6 3.5
Bodine Series

66D1 Cherty Sil 12-20 Slight 7.8 8.2

66E1 Cherty Sil 20-30 Slight 5.3 6.1 5.6 4.2

66F1 Cherty Sil 30t Slight 31.7 47.8 33.3 32.7

66C1 Cherty Sil 5-12 Slight 0.7 0.5

Claiborne Series

160D1 Cherty Sil 12-20 Slight 0.4 0.3

160E1 Cherty Sil 20-30 Slight 1.2 1.3

160E3 Cherty Sil 20--30 Severe 1.1 1.2

160F3 Cherty Sil 30t Severe 4.7 3.2
Tarklin Series

21B1 Sil 2-5 Slight 0.6 0.6

22C1 Cherty Sil 5-12 Slight 3.4 2.3
Linside Series

188B1 Cherty Sil 2-5 Slight 2.2 1.5

Rockland
123E1 Chert 20-30 Slight 1.1 1.2
Stonyland
68E1 Limestone 307 Slight 4.2 2.9
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STREAM gyURVYEY

STREAM TRAVERSE AND LONGITUDINAL PROFILE

A HORIZONTAL AND VERTICAL TRAVERSE WAS SURVEYED UP EACH PRIMARY AND
SECONDARY FORK OF WALKER BRANCH. THE QPEN TRAVERSE AN[C VERTICAL
PROFILES OF THE STREAM SYSTEM ARE SHOWN IN APPENDIX D. TOTAL CHANNEL
LENGTH OF THE EAST FORK IS 3R8% GREATER THAN TRAT OF THE WEST FCRK (TAPLE
9). RATE-CF-FALL OF THE PRIMARY CHANNEL OF THE WEST FCRK EXCEECS THAT
OF THE EAST FORK RY A5 FT/MILE, WHILE THE SECCNDARY CHANNEL FALL CF TFE

WEST FCRK IS 515 FT/MILE GREATER THAN THAT OF THE EAST FCRK.

BASE FLOW OF BCTH FORKS OF WALKER BRANCH 1S SUSTAINED RY SPRINGS.
TWC PRIMARY SPRINGS SUPPLY CONTINUAL FLOW FCOR THE WEST FCRK (APPENCIX
C), THESE ARE SUPPLEMENTEL RY 4 (THER INTERMITTENT SPRINGS AND SEEPS
WHICH ARE ACTIVE IN WET PERICDS. SIMILARLY, THE EAST FORK IS FEC BY 2
PRIMARY SPRINGS AND 2 INTERMITTENT ONES. AUMEROUS MINCR SEEPS ALSC

OCLUR ALONG THE STREAM CHANNELS DURING PERICDS OF HIGH RAINFALL.

REFERENCE STATIONS FCR STREAM SAMPLING HAVE BEEN ESTABLISHEL AT

100-FT INTERVALS CN THE PRIMARY CHANNEL OF FACH FQRK,

SURVEY OF ARUATIC CRGANISNMS

THE AQUATIC CRCANISMS IN BOTH FORKS CF WALKER BRANCH WERE SAMPLEC
DURING JULY ANC AUGUST 1967 TO DETERMINE TFE BIOTIC RESOURCES AVAILARLE

FOR STUDY. SEVERAL SAMPLING TECHNIQUES WERE TRIEC, BUT THE QUANTITATIVE
METHCDS SUCH AS THE SURBER SAMpLER OR REMOVAL OF AN AREA OF THE

SUBSTRATE WITH SUBSEQUENT ELUTRIATICN OF CRGANISMS WERF UNSUCCESSFUL.

R
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Channel Characteristics, Walker Branch Watershed

Table 9.
Length (ft) Average Rate of Fall (ft/mile)
Channel
Classification West Fork East Fork West Fork East Fork
Primary 2398 3820 295 230
Secondary 1870 2070 900 385

Total 4268 5890
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SINCE THE MAJOR OBJECTIVE OF THKE SURVEY WAS TC ORTAIN CRGANISMS FCR
IDENTIFICATION, RANDOM PICKING OF ROCKS, LEAVES, OR BRANCHES WAS THE N

MOST EFFECTIVE METHQD.

APPRCXIMATELY 67 TAXA OF AQUATIC INVERTEBRATES WERE CCOLLECTECD
[{APPENDIX C). THE LIST IS PRELIMINARY ANC IT SHOULD BE NCTED THAT THE
ICENTIFICATIONS IN MANY CASES ARE TENTATIVE. MANY CF THE IMMATURE
INSECTS WERE NCT CEVELCPEC SUFFICIENTLY FOR PCSITIVE ICENTIFICATICN.
CONTINUED CCLLECTIONS AND IDENTIFICATIONS wILL IMPROVE CUR KNCWLECGE CF

THE SPECIES PRESENT,

THE SPECIES COLLECTEC, PARTICULARLY TRICHKOPTERA (CADDIS FLIES),

EPHEMERDPTERA (MAYFLIES), ANC PRECOPTERA {STONEFLIES), ARE TYPICAL CF

SMALL, ROCKY CREEKS. CIPTERA (FLIES) LARVAF AND COLEQPTERA (BEETLES)
LARVAE WERE NOT CCLLECTED N LARGE NUMBERS ALTHOUGH LIGHT TRAP

COLLECTIONS SUGGESTED THE PRESENCE OF MANY SMALL CHIRQNCMIGAE. GERRICAE
(WATER STRINERS) WERE CRVIOUS IN THE POND AREAS RUT WERE NOT COLLECTEC, -
CRAYFISH ARE REPRESENTED PY AT LEAST ONE SPFCIES oF CANBARUS, ANP
SALAMANDERS BY FQUR SPECIES (APPENDIX D). THE ONLY ABUNCANT FISH

SPECIES IS THE RLACKNOSE DACE (RHINICHTHYS ATRATULUS), ALTHCUGH A FEW
SPECIMANS CF THE CREEK CHUB (SEMOTILUS ATRCMACULATUS) ARE PRESENT.

SIMILAR NEARRY CREEKS ALSC HAVE PGPULATIONS OF THE STQNEROLLER

(CAMPOSTORA ANCMALUM) AND THE SCULPIN (COTTUS CAROLINAE),

SNAILS (GCNICBASIS CLAVAEFORMIS) ARE CNg Of THE MCST CRVICLUS
COMPONENTS OF THE BIOTA OF BOTH FCRKS. THE SNATLS CCCUR IN BOTH PCcL
ANC RIFFLE MABITATS ANC ARE PERHAPS THE MOST [MPORTANT PRyMARY CONSUMERS

INHARITING WALKER BRANCH. .

iy
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THE FAUNA OF THE TWO FORKS OF WALKER BRANCH ARE QUITE SIMILAR WITH
20 OF THE COMMONLY COLLECTED SPECIES CCCURRING IN BCTH STREAMS. THE
WEST FCORk CONTAINS 19 ADDITIONAL SPECIES WHILE THE EAST FORK CONTAINS 17
ADDITIONAL SPECIES. MANY OF THESE LATTER SPECIES WERE FCUND ONLY IN CNE
COLLECTION AND FUTURE STUDIES WILL PROBABLY REVEAL AN EVEN GREATER

SIMILARITY OF THE BIOTA IN THE TWC FORKS.

CURSCRY EXAMINATICN REVEALED A TYPICAL ENCRUSTING ALGAt FLCRA CN
THE GRAVEL AND RUBRLE CF THE STREAM BOTTOM. MOSSES OCCUR ON MANY OF THE
LARGER ROCKS AND PERHAPS REPRESENT ONE OF THE MORE STABLE COMMUNITIES IN

THE STREANM,

ALLOCHTHONOUS CRGANIC MATTER IN THE FCRM OF LEAVES, STICKS,y TWIGS,
EYC.y IS A PROMINENT CCMPCNENT OF THE STREAM BOTTOM MATERIAL. THESE
MATERIALS FORM A SUBSTRATE FOR PERPHYTON GROWTH AS WELL AS ATTACHMENT
AND SHELTER FOR OTHER AQUATIC CRGANISMS. EVENTUALLY TrE ALLCCHTHCNCUS

ORGANIC MATTER BREAKS COWN AND IS A SQURCE OF ENFRGY FCR CRGANISMS, TFE
ORGANIC ANC INCRGANIC MATTER RELEASED BY CECONMPOSION ALTERS WATER

QUALITY,

PRELIMINARY CHEMICAL ANALYSIS CF WATER

WATER SAMPLES WERE COLLECTED AT RANDCON INTERVALS RETWEEN JULY 1966,
PRIOR TO ESTABLISHMENT OF THE STUDY, AND SEPTEMBER 1967. THE SAMPLES
FRGM THE STREAMS, SPRINGS, AND PRECIPITATICN GAGES WERE ANALYZED TC
DETERMINE THE IONIC COMPOSITION OF THE WATER ENTERING ANp LEAVING TRE
SYSTEm. SIMCE NO MEASURE CF STREAM DISCHARGE WAS AVAILABLE, THE RESULTS
ARF ONLY RELATIVE. HOWEVER, AN EFFORT WAS MADE TO COLLECT SAMPLES CURING

PERIOCS OF DIFFERENT FLOWS,
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TABLE 130 SUMMARTZES THF RESULTS OF STREANM WATER SAMPLES CCLLECTEL
AT THE WEJR SITES. THESE CATA SUGGEST THAT THE IONIC CONCENTRATICN OF
BOTH FCRKS OF WALKER BRANCH ARE QUITE SIMILAR. THERE ARE INDICATIGANS
THAT THE CCNCENTRATICN OF DISSCLVED IONS IS INVERSELY RELATED TC STREAV
DISCHARGE. WICE VARIATIONS IN NQ; CONTENT WERFE NOTED PETWEEN SANELES
COLLECTED IN MAY ANC SEPTEMPER, SUCH DIFFFRENCES MAY PE DUE TC FLCw
CHARACTERISTICS, PHYSICLOGICAL CONDITICN CF THE ECOSYSTEM CR TARULAR
ERROR. NITRATF CCNCENTRATIONS WITHIN THE LINITS OF Ca1 ¥G/L AND 2C
MG/L HAVE PEEN ORSFRVEL IN NATURAL WATERS FLOWING FROM SIMILAR LIMESTCNE
GECLOGY (16), THUS IT IS IMPCSSIBLE TO IDENTIFY THE SOURCE OF THIS
DISPARITY. SULFATE CONTENT WAS wELL WITHIN THE LIMITS OF DETECTICN BLT
€1 AND NHh WERE MARGINAL WITH THE AMALYTICAL METHCDS USEC. PHCCPHATE
CONCENTRATIONS BETWEEN SPRINGS WwERE FAIRLY UNTIFORM® WITHIN THE LIMITS CF
EXPERINMENTAL FRRAR WITH THE EXCEPTION OF Suc (APPENDIX D) WHERE
CCNCENTRATICNS APPEAR TQ PE AT THE MNORMAL MINIMUNM LEVELS FCR UNPCLLLTEL

SURFACE WATERS.

SOME VARTATICN WAS NOTSC RETWEEN TONI¢ CCNCENTRATICNS IN SPRINC
WATER AS IT LEFT THE GROUNC (TARLFE 11). CRLCIUM AND MAGNESIUM
CONCENTRATIONS BETWEEN SPRINGS WERE FAIRLY UNIFORM WITHIN THE LIMITS CF
EXPERTMENTAL ERROR WITF THE EXCEPTION OF SUF {APDPENCIX C) WHICH WAS
APPRCXIMATELY CNE-THEIRL OF THE NORMAL OBSERVEC VALUES. THIS DIFFERENCE
KWAS ALS) REFLECTEC IN WATER pARDNESS AND Pt. NITRATE CONTENT CF THE
SPRING WATER REVEALED WIDE VARTATION SIMILAR To THAT OF STREAM WATER,

DISSCVED C%g ALSC VARTED CONSICERARLY BETWFEN SPRINGS.

RAINFALL COLLECTEC DURING MAY 1967 HAL ELEMENTAL CONCENTRATICNS
SIMILAR TO THOSE EXPECTED OF A SEMI-INDUSTRIALIZED AREA (YARLE 11). THE
RAINFALL DATA ARE NCT wWHQLLY QUANTITATIVE AND MUST RE CCNSICERELC CNLY

INDICATIVE.
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THESE PRELIMINARY WATER ANALYSES SHOW THAT THE CHEMICAL
CHARACTERISTICs OF PRECIPITATICN FALLING OA WALKER BRRANCH WATERSHED ANC

STREAM FLOW LEAVING THE WATFRSHED IS WELL WITHIN LEVELS NCRMALLY

EXPECTED FROM NATURAL WATERS OF THIS AREA (171}.
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APPENDIX A,

CLIMATCLOGICAL CATA FOR THE CaAK RICGE AREA

TEMPERATURE PRCBARILITY BY SEASCNS

AVERAGE MONTHLY FREGQUENCY OF PRECIPITATION

AVERAGE CCCURENCE OF CCNSECUTIVE DAYS WITHOUT PRECIPITATICN
WIND SPEED AND CIRECTICN DURING LAPSE ANC INVERSICN

CONCITICNS
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APPENDIX B.

CONSTRUCTION DRAWINGS OF THE WEIRS

1. SITE PLAN AND CRAWING INCEX (00 1)
2. SITE TCPCGRAPHY AND GRADING PLAAS (3029
3. PLAN AND CETAILS WEST WEIR (003}
4. PLAN AND DETAILS EAST WEIR (COU)
5, SECTIONS WEST WEIR (005)
~ 6. SECTICNS EAST WEIR (006)
7. SECTICNS ANp DETAILS, SHEET 1 (L07)

8. SECTIONS ANC DETAILS, SHEET 2 (L)
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APPENCIX C,

DESCRIPTION OF ESTABLISHEC SOIL SERIES FOUND ON WALKER BRANCH

WATERSHED

1. BCODINE SCIL SERIES

2. CLAIBCRNE SCIL SERIES
3. FULLERTON SCIL SERIES
4, LINSIDE SCIL SERIES

5. TARKLIN SOIL SERIES
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BODINE SERIES

The Bodine series is a member of a loamy-skeletal, siliceous, thermic
family of Typic Paleudults. These solls have been developed in residuum
from very cherty (low-grade) limestone on dominantly strong to steep
slopes. They occur in close geographic association with the Baxter,
Mountview, Westmoreland, Sulphura, Frankstown, Nixa, and Fullerton series.
The Bodine soils lack the distinct B horizons, are coarser textured, and
are more yellow in color than the Baxter and Frankstown soils. Bodine
soils are more cherty and lack the evident B horizon of the Mountview
profile and lack the chert pans characteristic of the Nixa series. The
cherty parent materials reflected in chertiness of the profile, distinguish
the Bodine soils from the Westmoreland soils, formed from interbedded
limestones, shales, and sandstones, and the Sulphura series, formed from
blue-gray shales underlying the cherty materials at shallow depths. The
Bodine series is widely distributed and extensive. Chertiness and rela-
tively low fertility combined with strong slopes limit agricultural
importance of the soils.

Soil Profile: Bodine cherty silt loam

A 2-0" Forest litter and partially decomposed organic matter. 1/2
00 . .

AO to 3 inches thick.

A 0-2"  Dark grayish brown (10YR 4/2) silt loam with weak fine and

medium granular structure; very friable; angular chert
fragments, chiefly from 1/2 to 3 inches across are common;
strongly acid; boundary abrupt, smooth. 1 to % inches thick.

A 2-8"  Brown (10YR 5/3) or grayish brown (10YR 5/2) cherty silt loam
with weak fine and medium granular structure; very friable;
common to many angular chert fragments; very strongly to
strongly acid; boundary clear or gradual, wavy. U4 to 8 inches
thick.

BC 8-20" Brownish yellow (10YR 6/6) to yellowish brown (10YR 5/6-
5/8) very cherty silt loam or silty clay loam faintly
variegated with gray and yellowish red; massive; friable;
angular chert fragments are 1/2 or more of horizon; some
highly weathered and many coated with pale brown silt; very
strongly to strongly acid; boundary gradual, wavy. & to 24
inches thick.

c 20-50" Chert bed with interstices occupied by yellow (1OYR 7/6)
to brownish yellow (10YR 6/6) silty clay loam or silty
clay usually variegated with strong brown, yellowish red,
and gray; massive; firm; angular chert fragments are 3/4
of the soil mass; very strongly to strongly acid. 1 to 10
or more feet thick.
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Range in Characteristics: Cherty silt loam is the dominant type in the .
series. Thickness of the regolith ranges from 2-1/2 to 50 feet, possibly -
more, whereas the thickness of profile above chert beds commonly ranges

from 1 to 4 feet. TLocally, the soil may contain some fine sand where -
the chert beds are underlain at shallow depths by unconforming fine- e
grained sandstone. The chert is flaggy in some profiles, but more commonly

it is highly weathered, brownish yellow (1O0YR 6/6-6/8) and of low density.

The high content of chert is a major feature of the soils and tends to

obscure other morphology, though there is generally a gradual increase

in clay with depth. Estimated chert content ranges from 20 to 75 percent

in the upper part of the profile and from 50 to 90 percent in the lower

part. The A may range in color from dark grayish brown (10YR 4/2) to

grayish brown (1OYR 5/2), the Ao from yellowish brown (1OYR 5/4) to

grayish brown (10YR 6/2), and the BC horizon from brownish yellow (1OYR 6/6)
through yellowish brown (1OYR 6/4) to strong brown (7.5YR 5/8). Color

patterns may also be so finely variegated that no one hue is dominant in

the mass. Colors given are for moist conditions. When soil is dry,

color values are one or two units higher.

Topography: Dominantly strongly sloping to steep; gradients usually range
from about 15 to 20 percent, with a few gentler ridge tops ranging from
about 3 or 4 to 15 percent.

Drainage and Permeability: Well drained to excessively drained. Runoff
is medium to slow, depending on slope and cover, and permeability is rapid
or very rapid.

Vegetation: Chiefly hardwoods such as oak species, hickory, maple, black-
gum, and a few pines.

Use: Mostly in forest but with a considerable total acreage in pasture
or idle. ©Some cleared areas are used for crops such as corn, tobacco,
small grains, hay, and truck.

Distribution: The Highland Rim region of Tennessee and Alabama; the
Pennyroyal region of Kentucky; the Ozark region of Arkansas, Missouri,
and Oklahoma.

Type Location: Humphreys County, Tennessee, 3/4 mile north of Hurrican Mill.

Series Established: Humphreys County, Tennessee, 1938.

National Cooperative Soil Survey
U. S. A.
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CLATBORNE SERIES

The Claiborne series consists of well drained Red-Yellow Podzolic soils
with some characteristics of Reddish-Brown ILateritic soils. These soils
are largely on north- or east-facing slopes or on ridge tops in the southern
part of the Great Appalachian Valley, and they are developed in residuum

of somewhat sandy cherty dolomitic limestones. They are associated

chiefly with the Fullerton, Bodine, and Bolton series. The Claiborne

soils differ from the Fullerton series in having thinner, much darker A
horizons, and more friable, less plastic B horizons, which generally are
redder in the lower part. They differ from the Bolton soils in having
stronger horizonation and heavier textured, less permeable lower B horigzons.
Compared to the Bodine series, the Claiborne soils have much darker A
horizons and much redder, heavier B horizons. The total acreage of these
soils is small, hence their importance to agriculture is limited.

Typifying Pedon: Claiborne silt loam - cultivated

A O-7"  Dark brown (10YR 3/3-4/3) silt loam with moderate fine granular
b structure; very friable; strongly acid; clear smooth boundary.
6 to 10 inches thick.

B 7-16" Reddish brown (5YR 4/4) light silty clay loam with weak fine
subangular blocky structure; friable; few small chert frag-
ments and a little fine sand; very strongly acid; gradual
smooth boundary. 4 to 10 inches thick.

By 16-2L"  Yellowish red (5YR 4/6) silty clay loam or clay loam with
moderate fine and medium subangular blocky structure; few to
common clay films; friable; few chert fragments; very strongly
acid; gradual smooth boundary. 7 to 15 inches thick.

By 2h-32" Red (2.5YR 4/6) to yellowish red (5YR 4/6) silty clay loam
or clay with strong fine and medium angular blocky structure;
common clay films; friable to firm; few chert fragments; very
strongly acid; gradual smooth boundary. 6 to 12 inches thick.
B25 32-48" Red to dark red (2.5YR 4/6) to (10R 3/6) clay or sandy clay

with strong fine and medium angular blocky structure; common
clay films; firm, sticky, slightly plastic; few chert frag-
ments; very strongly acid; gradual wavy boundary.

C 4L8-72" Red (2.4YR 4/8) cherty clay or sandy clay with common medium
mottlings of brownish yellow and strong brown; moderate
medium angular blocky structure; few clay films on vertical
faces; firm, slightly sticky, slightly plastic; very strongly
acid.
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Range in Characteristics: Depth to bedrock ranges from about 6 to 30
feet; thickness of solum from 2-1/2 to 6 feet. The boundary between the
B and C horizons is difficult to detect. Types are silt loam and loam;
there are cherty phases of each. The content of chert and sand varies
from place to place. 1In places, the A_ is dark yellowish brown (10YR L /L)
or dark brown (7.5YR 5/2). Colors givgn are for moist conditions. When
soil is dry, color values are one or two units higher.

Topography: Ridge tops and long, rather steep slopes, particularly the
upper ones. Slopes face north or east in most cases. Gradients range from
4 to 30 percent. The surface may have an irregular (karst) configuration.

Drainage and Permeability: Well drained; runoff is medium and permeability
is moderate.

Vegetation: Originally hardwoods, including oak species, hickory, beech,
elm, yellow poplar, chestnut, ash, and gum. Invaders include Virginia and
and shortleaf pine and lower-grade hardwoods.

Use: The steeper slopes are chiefly in pasture or forest. Where cleared
and cultivated, crops include corn, tobacco, small grains, hay.

Distribution: Great Appalachian Valley in east Tennessee.

Type Location: Claiborne County, Tennessee; 1 mile east of Guin Post Office.

Series Established: Claiborne County, Tennessee, 1939.

National Cooperative Soll Survey
U. S. A,
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FULLERTON SERTES

The Fullerton series is a member of a clayey, kaolinitic, thermic family
of Typic Paleudults. These solls have brown cherty silt loam A horizons
and red cherty clayey B horizons.

Typifying Pedon: Fullerton cherty silt loam - forested

Al  -- 0-2"--Dark grayish-brown (1OYR L/2) cherty silt loam; moderate
fine granular structure; very friable; abundant rootls; strongly
acid; abrupt smooth boundary. 1 to 3 inches thick.

A2 -- 2-11"--Brown (10YR 5/3)cherty silt loam; moderate medium granular
structure; very friable; many roots; very strongly acid; clear
smooth boundary. 6 to 10 inches thick.

A3 -- 11-15"--Strong brown (7.5YR 5/6) cherty silt loam; few fine streaks
of yellowish-red; moderate medium granular and fine subangular
blocky structure; friable; many roots; very strongly acid; clear
smooth boundary. 3 to 5 inches thick.

Blt -- 15-19"--Yellowish-red (5YR L4/6) cherty silty clay loam; few
streaks and pockets of strong brown extending down from A3 horizon;
moderate fine subangular blocky structure; friable; few thin
patchy clay films; common roots; very strongly acid; clear smooth
boundary. 3 to 7 inches thick.

B2lt -- 19-30"--Red (2.5YR 4/8) cherty clay; moderate medium and fine
subangular blocky structure; firm; patchy clay films; common roots;
very strongly acid; gradual smooth boundary. 8 to 15 inches thick.

B22t -~ 30-50"--Red (2.5YR 4/8) cherty clay; strong medium subangular
blocky structure; firm; continuous clay films; few roots, very
strongly acid; gradual smooth boundary. 15 to 25 inches thick.

B23t -- 50-60"--Red (2.5YR 4/8) cherty clay; few medium distinct strong
brown mottles; strong medium subangular blocky structure; firm;
continuous clay films; very strongly acid; gradual smooth boundary.
8 to 12 inches thick.

B2t -- 60-90"--Red (2.5YR 4/8) cherty clay; common medium and coarse dis-
tinct strong brown (7.5YR 5/6) mottles; strong medium subangular
blocky structure; firm; thin continuous clay films; very strongly
acid. 20 inches to several feet thick.

Type Location: Meigs County, Tennessee: On River Road, 4 miles north

of BFaves Ferry Road; on west-facing wooded slope, 150 feet east of a two-
pronged chestnut oak tree which is 40 feet west of River Road.
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Range of Characteristics: Depth to bedrock ranges from about 6 to LO feet.
Thickness of solum ranges from about 5 to 20 feet or more. Thickness

of argillic horizon is more than 50 inches. Chert content by volume of
each horizon ranges from 15 to 35 percent in most pedons, but some pedons
are nearly free of chert fragments. Most of the chert fragments range -4
from 1 to L4 inches across. The entire profile, except where limed, is

strongly or very strongly acid. The A horizon has hues of 10YR or 7.5YR,

the norm is 10YR, values of 4 through 6, and chromas of 2 through L4; in
cultivated areas, especially in severely eroded areas, the A2 horizon may

be absent and the Ap horizon may have hue as red as 2.5YR and chroma as

high as 8. Surface soil textures are commonly silt loam, loam, and fine

sandy loam, except that severely eroded phases may be silty clay loam or

finer. The B horizon has hues of 5YR or redder in the major part. It has

values of 4 through 6, rarely 3, and chromas of 6 through 8, chroma may

be 4 in the Bl horizon. Clay content increases gradually with depth in the

B horizon; it ranges from about 20 to 30 percent in the Bl horizon, and

from about 35 to 60 percent in the B2 horizons. Sand content of the B

horizon is generally less than 20 percent. Base saturation throughout

the B horizon is very low--about 5 to 20 percent.

Competing Series and Their Differentiae: These are the Allen, Baxter,

Bodine, Christian, Clarksville, Dewey, Dunmore, Frederick, Minvale, Talbott,

and Waynesboro series. The Baxter, Clarksville, Dunmore, and Frederick

have average annual soil temperature less than 59°F. The Bodine series

has less than 35 percent clay content and more than 35 percent coarse

fragments in the B horizon. The Christian series has an argillic horizon -
less than 50 inches thick. The Dewey series has an Ap horizon darker than

value 4, lacks an A2 horizon, and has more clay in the upper part of the

B horizon than the Fullerton. The Allen and Minvale series have less than e
35 percent clay content in the upper 20 inches of the argillic horizon.

The Talbott series has an argillic horizon less than 50 inches thick with

more than 35 percent base saturation in the lower part. The Waynesboro

series has more than 20 percent sand content in the B horizon. Also, the

B horizon of the Waynesboro is commonly dark red in the lower part.

Setting: Gently sloping to very steep uplands. Slopes are about 3 to
Lo percent. The regolith is residuum from limestone which is commonly
cherty. These soils are in areas that have 45 to 55 inches average
annual precipitation and average annual temperatures of about 60°F.

Principal Associated Soils: These are the Bodine, Dewey, and Minvale
solls listed as competing series, and the Mountview and Dickson soils
which are silty in the upper two feet with the Dickson having a fragipan.

Drainage and Permeability: Well drained. Permeability is moderate.

Use and Vegetation: About two-thirds of the acreage is cleared. Pasture
is the main use. Small patches of corn, cotton, tobacco, small grains,
and hay are grown. Native vegetation is forests of oaks, hickory, elm,
yellow poplar, dogwood, and beech. -
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Distribution and Extent: The southern part of the Great Appalachian Valley
in Alabama, northwest Georgia, and east Tennessee, and the Highland Rim in
south-central Tennessee and Alabama. The series 1s of large extent.

Series Established: Cherokee County, Alebama, 192k.

Remarks: The Fullerton series was formerly classified in the Red-Yellow
Podzolic great soll group.

National Cooperative Soll Survey
U. 8. A.
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LINDSIDE SERIES

The Lindside series is a member of a fine silty, mixed, mesic family of

aquic fluventic eutrochrepts. These soils are derived from young alluvium &
washed mainly from uplands underlain by limestone but which may have come

in part from soils over other rocks (sandstones and shales, locally from
igneous or metamorphic rocks, loess, or from glacial drift, as along the

Ohio River and some of its tributaries). The Lindside series is the
moderately well drained member of the Huntington-Lindside-Newark-Melvin-
Dunning catena. Compared to the Huntington series, the Lindside soils

are commonly lighter brown and are more mottled at shallower depths.

Lindside soils are browner as well as less mottled and less gray, especially
at shallow depth, than the Newark soils. The Lindside soils are browner

and less acid than the closely related Philo and Iobelville soils. Iobelville
soils are commenly more acid than Lindside soils and have developed in
alluvium from drift composed largely or materials originating from sand-

stone and shale. Eel soils differ from Lindside soils in having developed

in alluvium mainly from highly calcareous drift. The Lindside soils are
widespread, of large total acreage, and important agriculturally.

Soil Profile: ILindside silt loam - cultivated

A 0-7"  Brown (10YR 4/3-5/3) silt loam; weak fine granular structure;
p very friable; neutral; clear smooth boundary. 6 to 10 inches.

c, 7-15" Dark grayish brown (10YR 4/2) silt loam; weak fine granular
structure; very friable; neutral; gradual smooth boundary.
5 to 12 inches thick. .

C, 15-26" Dark grayish brown (10YR 4/2) silt loam; common medium faint
mottles of light brownish gray and very dark grayish brown;

weak fine granular structure; very friable; few small black

and very dark brown concretions; neutral; clear smooth boundary.

6 to 20 inches thick.

C, 26-48" Light brownish gray (10YR 6/2) silt loam; common medium dis-

3 tinct mottles of very dark grayish brown and dark yellowish brown;
massive; friasble; common small very dark brown and black con-
cretions; neutral. One to several feet thick.

Range in Characteristics: Some stratification of sediments may be evident
in any profile, but the major portion (C1 and C, horizons) is medium-
textured. The surface layer may range from sandy loam to silty clay loam
in texture, and a comparable range may also occur below depths near 3 feet.
Gravel or chert are common in the surface layer in places so gravelly and
cherty phases are recognized. Where Lindside soils are associated with
uplands high in phosphate, phosphatic phases are also recognized. Where
the series occurs in regions dominated by red or dark red soils, the A

and C, horizons are commonly dark reddish brown to reddish brown, thus

the A horizon ranges in color from brown (10YR 5/3) to dark brown

‘«
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(10YR 3/3 or 7.5YR 3/2), very dark grayish brown (10YR 3/2), and dark
reddish brown (5YR 3/2)- The Cq1 horizon may be brown, yellowish brown,
dark yellowish brown, or reddish brown, and it ranges in structure to

weak coarse prismatic or weak very coarse subanguler blocky. Dominant
color of the Co horizon may be yellowish brown or light olive brown and

of the C3 horizon light olive gray or gray. Reaction is commonly slightly
acid to mildly alkaline but may be medium acid. Colors given are for
moist conditions. When soil is dry, color values are commonly one or two
units higher.

Topography: Nearly level floodplains and upland drainageways; gradients
range mostly from O to 3 percent.

Drainage and Permeability: Moderately well drained. Runoff is very slow
or slow; permeability is moderate to rapid. The water table lies within

3 feet or less of the surface for appreciable periods. Subject to over-

flow.

Vegetation: Hardwoods, including water-tolerant oaks, maples, elms, syca-
more, poplar, willow, shagbark hickory, and ash; canebrakes in places.

Use: Nearly all areas are cleared and cultivated or pastured. Crops in-
clude corn, cowpeas, soybeans, hay, tobacco, and, in southern range of
the series, cotton. Yields are good except in welter years.

Distribution: Kentucky, Tennessee, Georgia, Alabama, Virginia, Maryland,
Pennsylvania, Arkansas, Missouri, Ohlo, Indiana, and West Virginia.

Type Location: Henderson County, Kentucky; in Green River bottoms, L
miles east of Bluff City.

Series Established: Monroe County, West Virginia, 1925.

Remarks: The moderstely well drained soils formerly mapped In the Hamblen
series and in the Ooltewah series (with alluvium over 14 inches thick)
are now included in the Linside series.

National Cooperative Soil Survey
U. 8. A.
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TARKLIN SERIES

The Tarklin series is tentatively classed in the fine-loamy, siliceous,
thermic family of Typic Fragiudults. These soils have dark grayish-
brown cherty silt loam A horizons, yellowish-brown very strongly acid
cherty silt loam B horizons, and mottled very firm cherty fragipans that
extend to depths of more than 50 inches.

Typifying Pedon: Tarklin cherty silt loam - cultivated
(Colors are for moist soil)

A -~ 0-8"--Dark grayish-brown (1OYR 4/2) cherty silt loam, weak fine
granular structure; very friable; many roots; strongly acid;
clear smooth boundary. 7 to 12 inches thick.

Bl -~ 8-11"--Yellowish-brown (1OYR 5/4) cherty silt loam; weak fine
subangular blocky structure; friable; many roots; some peds
coated with very pale brown silt; very strongly acid; gradual
smooth boundary. 3 to 6 inches thick.

B21t -- 11-19"--Yellowish-brown (10YR 5/6) cherty silt loam, finer
textured than the horizon above; moderate medium blocky structure;
friable; common roots; few clay films; very strongly acid;
abrupt wavy boundary. 7 to 10 inches thick.

Bx -- 19-56"--Mottled yellowish-brown (10YR 5/4), strong brown (7.SYR
5/6) and light brownish-gray (2.5YR 6/2) cherty silt loam;
weak prisms break into weak medium plates or angular blocks;
very firm, compact, brittle; the prisms are separated by tongues
and ped coats of gray (lOYR 5/1) clay; common black concreticns;
common black stains; very strongly acid; gradual wavy boundary.
20 to 40 inches thick.

C -~ 56-T2"+--Mottled yellowish-red (5YR 4/6, 4/8, 5/6, 5/8) strong
brown (7.5YR 5/6) yellowish-brown (10YR 5/4%, 5/6, 5/8) ana
light gray (10YR 7/1, 7/2) very cherty silty clay loam; weak
coarse blocky structure; firm; some peds covered with very pale
brown silt coats; few black concretions; very strongly acid.
1-1/2 to 7 feet thick.

Type Location: Barren County, Kentucky; on terrace of Fallen Timber
Creek at Cordell Hull Highway; 5.5 miles southeast of Glasgow, and 2.3
miles northwest of Temple Hill.

Range in Characteristics: Thickness of the cherty regolith is 4 to 12
feet. Thickness of solum, which coincides with the base of the fragipan

is 40 to 65 inches. The soil contains 15 to 45 percent coarse fragments
by volume; they are mainly of chert, but include some sandstone, quartzite,
and geodes. Base saturation 30 inches below the top of the fragipan is
less than 30 percent. Color of the Ap horizon is centered on dark grayish-

o
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brown (1O0YR 4/2) but includes brown (10YR 5/3 or 4/3) and pale brown (10YR
6/3). The A, horizon, where present, is pale brown (10YR 6/3) or rellowish-
brown (10YR 5/4). Texture of the upper part, and yellowish brown (10YR 5/6)
in the lower part. The lower part ranges from yellowish-orown (10YR 5/4)

to light yellowish-brown (10YR 6/4) and in some places it has low chroma
mottles in a 2 to 4 inch zone above the Bx horizon. Texture of the B2t
horizon is slit loam or silty clay loam; clay content is 18 to 25 percent.
In some pedons, the B2t horizon has a weak grade of structure. The Bx
horizon has dominant color of light yellowish-brown (1OYR 6/4) and mottles
of yellowish-brown (10YR 5/4 or 5/6). Texture of the Bx horizon is light
silty clay loam in some pedons. The C horizon has dominant colors of

strong brown (7.5YR 5/6) or yellowish-brown (1OYR 5/4) but it contains mottles
of yellowish-red (5YR 4/6, 4/8, 5/6, 5/8) and light gray (10YR 7/1,7/2).
Textures are very cherty silt loam, or silty clay loam. 1In some pedons the
C horizon is extremely acid in reaction.

Competing Series and Their Differentiae: These are in the Airmont, Dickson,
Landisburg, Leadvale, Locust and Nixa series. The Bt horizons of the Airmont
and Locust soils are loam, sandy clay loam, and light clay loam and the fine
earth fraction contains more than 15 percent coarser than very fine sand, in
contrast to contents of less than 15 percent in the Tarklin soils. Dickson
soils contain less than 15 percent coarse fragments, by volume, in the B
horizon or control section. ILandisburg soils have mean annual soll tempera-
tures of less than 59°F. Leadvale soils lack coarse fragments of chert and
quartzite. Nixa solls contain more than 50 percent, by volume, of chert and
have average annual soil temperatures of less than 59°F.

Setting: Most of the soil is on foot slopes and stream terraces, but some
is on upland ridgetops and upper slopes. Slopes range from 3 to 12 percent
and generally are concave. These soils are in areas having 45 to 52 inches
average annual precipitation, and average annual temperature is about 62C0F.

Principal Associated Soils: These are the Baxter, Bodine, Clarksville, and
Fullerton soils on adjoining uplands, Greendale soils on foot slopes,
Humphreys soils on terraces and Ennis soils on bottomlands.

Drainage and Permeability: Moderately well drained; much of the soil is
marginal to somewhat poorly drained. Runoff is medium, and permeability is
slow.

Use and Vegetation: Mainly in cropland; corn, small grains, sorghum, tobacco,
anc cotton are major crops; somewhat less than half is in pasture and forest.
Forests are chiefly of oaks, hickoriles, beech, elm, dogwood, persimmon,

and some shortleaf Virginia, and loblolly pines.

Distribution and Extent: The southern part of the Mississippian Plateau and
Great Appalachian Valley in Kentucky and Tennessee, probably in northwestern
Georgia, and northern Alabama. The soil is extensive; an estimated area

is 120,000 acres. Kentucky and Tennessee each 35,000 acres, Georgia 350,000
acres, Alabama 20,000 acres.
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Series Established: Barren County, Kentucky, 1966.

Remarks: The Tarklin series previously was classified in the Red-Yellow
Podzolic great soil group. The comprehensive classification is tentative
at the subgroup level. The evidence for the argillic horizon above the
fragipan is inconclusive.

National Cooperative Soil Survey
U. S. A.
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APpENDIX D.

BIOTIC AND PHYSICAL CHARACTERISTICS OF WALKER BRANCH

HORIZONTAL TRAVERSE OF WALKER BRANCH
PROFILE OF EAST FCRK SUBWATERSHED AND TRIBUTARIES
PROFILE CF WEST FCRK SUBWATERSHED AND TRIBUTARIES

PRELIMINARY LIST OF FAUNA FOUND IN WALKER BRANCH
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