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EXECUTIVE SUMMARY 

Nonpoint sources of nutrients (NPS) 
are a widespread source of surface 
water pollution throu&out the United 
States. Characterizing the sources of 
this NPS nutrient loading is challenging 
due to variation in land management 
practices, physioyaphic setting, site 
conditions st~ch as soil type, and 
climatic variation. For nutrients, there is 
the added challenge of separating the 
influence orman's activities from 
natural processes that release essential 
nutrients. Although the effects of more 
invasive activities such as crop 
production and urban development on 
nutrient export have received consider- 
able attention, the effects of varying 
regional conditions on forest nutrient 
export have not been well documented 
for eastern North Carolina. The purpose 
of this study was to assess baselilie 
Forest outflou, characteristics in the 
coastal plain of eastern North Carolina. 
More than I00 site years of hydrology 
and water quality data spanning 25 
years (1 976 to 2000) have been con>- 
piled from research and nlonitoring 

studies both on stands with natural 
vegetatioo and on tracts managed for 
timber production. The study included 

41 watersheds located on poorly 
drained to very poorly drained soils on 
flat divides between coastal streams. 
The watersheds ranged in area from 7.3 
to 6,070 ha; 16 had nahlral forest 
vegetation, and 25 were intensively 
managed loblolly pine plantations. 
Hydrological and nutrient concentra- 
tion data from the study sites are used 
to examine how variation among sites 
may be related to soil type, drainage 

intensity, vegetation, and physi- 
ographic setting. 

Key Summary Points 
The median annual hydrologic 
response (outflow as a percentage of 
precipitation) among the sites was 
3 1%, with an interquartile range of 26 

Seasonal variation in outflow was 
high. Outflow and hydrologic 
response at the sites were consis- 
tently higher in the winter quarter 
(January to March) than in spring 
(April to June), summer (July to 
September), or fall (October to 
1)ecember). Outflow exceeded 75 mm 
for all site years and exceeded 206 mm 
for half of the 84 winter seasons 
studied. On average, winter outflow 
was 5 1% of the annual total. 

Summer-fall outflow was variable 
among years due to high evapotrans- 
piration (ET) and the variability of 
convective and tropical storms. 
Outflow was zero in 24% of sumner 
quarters and 17% of fall quarters and 
exceeded 250 mm per quarter in other 
years. On average, summer and fall 
outflows were 12% and 19%, respec- 

tively, of the annual total. 

Nutrient concentrations in forest 
outflow were generally low for most 
study sites compared with typical 
values for other land uses. Listed are 
the mean seasonal coricentrations of 
nutrient fiactions in drainage from 
50% of tlie study sites: less than 1.5 
nig/L for total nitrogen (TN), less 

than 1.1 mgT. for organic N (Org-N), 
less than 0.1 mgL for nitrate + nitrite 
N (NO,-N), less than 0.1 m&fL for 
ammonium N (NH,-N), and less than 
0.07 mgt for total phospho~us ('TP). 

Annual TN exports from 75% ofthe 
study sites were less that 6.5 k g h ,  
predominantly as Org-N at I8 of 2 1 
sites. Annual TP export from all forest 
sites was less than 0.36 kg/ha. 
Maximum exports generally occurred 
during the winter. 

Concentrations of Org-N, TN, and TP 
were all consistently higher in 
drainage from organic soils than in 
drainage from mineral soils both for 
paired comparisons and for the 
overall database. Dissolved inorganic 
N (DIN) concentrations in drainage 
from organic soils were more variable 
than in drainage from mineral soils. 

The strong influence of soil type oli 
forest outflow nutrient concentra- 
tions confounds the evaluation of 
other factors since a large fraction of 
the data is from watersheds with 
artificial drainage on organic soils. 

Report Summary 
The seasonal distribution of outflow 
from the various research sites was 
affected by weather patterns during the 
individual study period. 'The median 
annual hydiologic response (outflow as 
a percentage ofprecipitation) anlong 
the sites was 3 I%, which is consistent 
with the 40-year mean annual ratio of 
excess water (rainfall -potential E'T) to 
rainfall from regional weather stations 



(29 to 3096). Collecti%ely, study sites in 
eastern North Carolina shoxed a 
consistent seasonal peak in outflo\v 
and hydrologic response in the winter; 
outflow exceeded 75 mm for all site 
years and exceeded 206 milt for halfof 
the 84 winter (i.e., J a n u q  to March) 
seasons studied. Outflow continued in 
the spring quarter for most sites and 
years (86 of 90), despite an average 
deficit of rainf811 compared to potential 
CT in the region. Summer outflour was 
variable among years due to frequent 
low outflow in the late spring and hidl 
ET conditions early in the sunlmer. No 
outflow occurred ill 24x122 of 90) of 
summer quarters; however, convective 
and tropical storms produced more than 
250 mm of outflow in three summer 
seasons. Strong year-to-year variation 
in summer rainfall carried over into the 
fall quarter, with no outflow in 17% (IS 
of 90) of fall quarters and more than 250 
mrn ofoutflow in five others. By the end 
ofthe fall, soil water conditions were 
usually wet again due to decreased ET 
in cooler montbs. 

Nutrient concentratio~ls in forest 
outflow were generally low for most 
study sites coinpared with tlpical 
values for other lalid uses. Listed are 
the mean seasonal concentrations of 
nutrient fractiot?~ in drainage from 50"h 
of the study sites: less than I .5 m&'L for 
totalN (TN). less than 1.1 m g L  for 
organic N (Org-N)_ less tl~an 0.1 tng8L 
for nitrate + n~triteN (NO,-N), less than 
0.1 1n9'l. for ammonium N (NF14-N), and 
less than 0.07 mgfL for total P (TP). For 
75% ofthe study sites, mean seasonal 
concentrations in drainage water were 
less than 1.8 mg;L for TN, less than 1.5 
mg'I. for Org-N, less than 0.6 mglL for 
NO,-N, less than 0.22 nig'l. for NH,-N, 
and less tllarr 0.08 mg/L for TI'. Sea- 
sonal changes in imtrient concentra- 

tions were gcnerallq not consistent 
among sites for most of the measured 
nutrient fractions. I'hc exception was 
consistently higher Org-N concentra- 
tions during summer montlis (I 3 of 16 
sites), with a median value of 1.02 ni@'L 
compared with 0.60 lo 0.76 n~gll, for 
other seasoris. This seasonal pattern in 
Org-N concentrations was reflected in 
the TN concentrations; for 14 of 17 
sites, highest TN concentrations 
occurred in the summer (median I .43 
my'L) compared with fall through 
spring quarters (0.94 to 1.09 n?g/L). For 
TI', the median concentration was also 
highest in the snmnler (0.064 mgL) 
compared with other seasons (0.033 to 
0.047 mgiL), but there was no consis- 
tent pattern across sites. 

Nutrient exports from the forested 
lands reviewed in this study were 
generally low with the exception of the 
nitrogen exports from the Parker Tract 
in Washington County Annual TN 

export  froin 75% of the study sites 
were less than 6.5 kg/ha. Of the 
different N fractions, annual DIN 
exports were less than 2.9 kgha and 
Org-N exports were less than4.0 kgiha 
for 75?4 of the forested sites, with Org- 
N as the predominant form o fN at most 
ofthe rnonitoring locations (1 8 of 21). 
For the three sites where Org-N was not 
the predominant fonn ofN, a~i t~ual  DIN 
export accounted for 54 to 829.6 of 
average TN export, mainly as NO,-N. 
Across ail sites, the relative contrihu- 
tion ofNO,-N and NH,-N forn~s to DIN 
varied by site, with each the predomi- 
nant contributor to DlN in approxi- 

mately half of the sites. However, sites 
with annual DIN export of greater than 
I .  1 kg'l~a had NO,-N as the dominant 
fanil. Annual 'L'P export fiom all forested 
sites was less than 0.36 kgiha. 

Seasonal variation in outflow froin 
the forested sites played an importallt 
role in seasonal nutrient expon. F~~ 
of the study sites, maxitnum seasonal 
TN export occurred duriiig tbe winter 
wheii niaximurn seasonal otitflow also 
occurred. The same was true for TP 
export, with the exceptions of two sites 
where TP expori was highest during the 
fall quarter. For the spring-fall quarters 
as a whole, nutrient exports did not 
show any consistent pattern across 
sites or among years. At sonre of the 
sites (e.g., Parker Tract S4 watershed), 
seasorial peaks in nutrient export 
occurred during sunin~er or fall quarters 
associated with increased outflows 
following large tropical storms. High 
nutrient expon for other sites (1Lrrell 
County sites and Pungo Lake) occurred 
during the spring quarter associated 
with years of high spring rainfall. Thus, 
variations in reported nutrient exports 
during the spring, summer, and fall 
quarters in the compiled studies largely 
reflected the seasorial distribution of 
rainfall during the study years rather 
than watersl~ed characteristics. 

Differences in four site characteris- 
tics may explain much of the observed 
variation in the hydrology and water 
quality of the forest sites surveyed in 
eastern North Carolina. Soil orgariic 

content (mineral vs. organic) appeared 
to be a dominant factor. The three other 
potentially important characteristics 
were site drainage intensity: forest 
vegetation. and physiographic location. 
Concentrations ofOrg-N, TN, and TP 
were all comistently higher in drainage 
from organic soils than io drainage from 
mineral soils both for paired compari- 
sons and for the overall datahase. T l ~ e  
impact oforganic soils on the DIN 
concentrations was rilore variable. Four 
of the six highest DIN concentrations 



observed were from sites ivith organic 
soils, but four of tile seven lowest DIN 
concentrations were also from sites 
with organic soils. This variable patten) 
in DIN arnorlg organic soil sites 
indicates that minerali~ation of Org-N to 
NH;N is controlled by factors other 
than the organic content of the soil. 

The strong intluence of soil type on 
forest outflow nutrient concentrations 
confounds the evaluation of other 
factors since a large fraction of the data 
is from watersheds with artificial 
drainage on organic soils. For exan~ple, 
TN concentration was higher, on 
average, from study sites with artificial 
drainage systems than froin unditched 
sites. However, direct comparisons from 
paired sites actually contradict this 
pattern with lower TN from ditched 
sitcs. Coinparisons of DIN and TP for 
ditched and unditched sites were also 
inconsistent for the three sets of paired 
watersheds available. Thus, general 
patterns evident in the compiled 
database relative to effects of artificial 
drainage on nutrient concentrations are 

at least partially a result of overall site 
differences for the two subgroups 
rather than an actual effect. It is likely 
that there is an interaction between the 
amount of organic matter present in the 
soil and drainage intensity. but the 
ilnportat~ce cannot be evaluated with 
available data. Evaluating the influence 
ofvegetation is similarly confounded 
by a soil type bias in the overall 
database. 

The IN and l-P concentrations in 
water draining from tile forested sites 
compiled in this review for the winter 
quarter, when data were available for 
more sites, were plotted geographically 
to evaluate whetlier concentrations 
were related to location. No consistent 
gradients in nutrient concentrations 
were identified. For the Neuse River 
basin, five of seven locations had 1 3  

concentrations of less than 1 mg/L, 
while one site had average winter 1N 
concentrations as high as 2.2 mdL. 
Low and high concentrations of TN and 
TP were also observed in other basins 
in eastern North Carolina. The variation 
of site characteristics, such as soil 
organic content, appeared to have a 
geater effect than site location. It is 
notable, however, that the two sites 
with the highest TN concentrations 
were located itnmediately east of the 
SutTolk Scarp on organic soils. Sandy 
horizons in the soil profile in those 
locations contribute to higher hydraulic 
conductivities at the Parker Tract in 
Washington County and the Morrison 
Tract in Gates County, which may be an 
important factor in the elevated 1W 
concentrations observed. 

For studies compiled in this review, 
seasonal hydrology was found to play 
an important role in nutrient export 
rates. In all of the studies reported, a 

large fraction of annual TN export 
occurred during the winter quarter 

- 

when outflow \%as elevated. The sanle 

was true for TP export. wit11 the 
exceptions of tile Carteret 1) 1 site and 
the Parker Tract F6 hlock; fall TP export 
was highest at those two sites. Another 
hydrologic factor affecting the seasonal 
distribution of nutrient exports was 
tropical stonns and the excessive 
rainfall associated with thern. Nutrient 
exports were higher in the stllllnrer or 
fall quarter when these large storms 
occurred. This was particularly true for 
TN and NO;N from the Parker Tract in 
1996 when high outflow associated with 
three tropical stonns flushed accumu- 
lated NO;N out of the soil profile 
during the fall quarter rather than 
during the winter. Iilevated losses of TP 
were also reported during the summer 
and fall seasons at some sites. Spring 
was usually the season with the lowest 
nutrient export. Because of the effect of 
hydrology on seasonal nutrient exports, 
results from short-term studies con- 
ducted over two to three years need to 
be interpreted in the context of the 
seasonal rainfall distribution during the 

study, particularly in years affected by 
large, infrequent storms (e.g., huni- 
canes). 





SECTION I - INTRODUCTION 

Nonpoint sources of nutrients (NPS) 
are a widespread source of water 
pollution in coastal regions as well as 
inland draitrage areas (U.S. EPA, 1992, 
1993). In eastern North Carolina, 
nutrients washed into the estuaries of 
the Neuse and Tar-Pamlico rivers have 
caused excessive algal growth and 
episodes of poor water quality typically 
associated with nutrient over- 
enrichment (e.g., N.C. DEM, 1993,1994). 
Nl'S inputs have been identified as the 
dominant contributors to total nutrient 
loadings in both basins (N.C. DWQ, 
1998, 1999). 'To reduce nutrient loads-... 
primarily nitrogen (N)--to the Pamlico 
and Neuse estuaries, the Norlh Carolina 
Division of Water Quality (N.C. DWQ) 
has developed strategies for the Tar- 
Pamlico and Neuse river basins that 
include targets for dischargers and NPS 
contributions. 

These management plans call for N 
reductions throughout the watershed to 
limit nutrient inputs in estuarine waters 
where algal blooms have occurred and 
hottom water dissolved oxygen (DO) 
tias been depleted. Characterizing the 
sources of NPS nutrient loading to 
rivers is challenging due to variation in 
land use and management practices, 
physiographic setting, and site condi- 
tions such as soil type in addition to 
clinratic variation that drives runoff. 
Further, management of nutrient inputs 
presents the added challenge of 
separating the influence of man's 
activities from nahlral processes that 
release nutrients froni the watersired to 
aquatic systems. This "baseline" level 
of nutrient export is a key attribute of 
natural systems and is essential to 
maintain healthy and productive 
ecosystems. 

tlaselilre nutrient exports vary by 
region and soil type due to variations in 

hydrology and biogeochernical pro- 
cesses affecting nutrient cycling arnorrg 
sites. For example, poorly drained soils 
typically export a larger fraction of 
ann~lal rainfall as surface runoff than 
well-drained soils at upland sites due to 
high water table conditions that reduce 
illfiltration (e.g., Skaggs et a]., 1991). 
Differences in the route that water takes 
to the drainage outlet can affect 
nutrient concentrations and exports. 
Water that travels through the soil 
profile will transport soluble fonrrs of 
nitrogen (N) and phosphorus (P), while 
surface flow may have a greater 
proportion in particulate fonns. How- 
ever, soluble fonns of N and P may still 
predominate in surface outflow from 
low-gradient coastal plain forests in 
eastern North Carolina (e.g., Lebo and 
kiemnann, 1998). 

The relative impact of land use on 
nutrient exports has received consider- 
able attention in recent years as a 
means to better characterize NPS 
nutrient loading to aquatic systems 
(e.g., l.lowarth et al., 1996; Turner and 
Kabalais, 1991;U.S. EPA, 1994). Man's 
activities have been shomr to affect 
both nutrient concentrations (Evans et 
al., 1995) and the total amount and 
liming of runoff from the land (Konyha 
eta]., 1992; Skaggs et a]., 1980). The 
effects on nutrient export of more 
invasive activities such as crop 
productiori and residential developrnent 
have been fairly well documented and 
can be profound (Kronvang et al., 1995; 
Schueler, 1987). In comparative studies, 
rrutrient exports froni forestlands are 
typically much less than exports from 
more intensive land uses (e.g., Dodd et 
al., 1992). But no one bas summarized or 
documented the effects of varying 
regioilal conditions on nutrient exports 

froni forests or the effects of more 
suhtle developnlent such as managed 
forcstly ----ail important comn~ercial 
activity in North Carolina and through- 
out the Southeast--on these exports in 
the coastal plain of easteni North 
Carolina. Past work in the region has 
shown that nutrient exports from 
managed pine plantations in eastern 
North Carolina are ofleri similar to the 
baseline nutrient exports fronr natural 
lands (Amatya et a!., 1998). This 
similarity will usually occur for more 
than 90% of the timber growth cycle 
from shortly after establishment of the 
plantation until harvest. However, past 
studies on forest nutrient exports in 
eastern North Carolina have not 
conlprehensively evaluated the variety 
of physiographic settings that occur on 
the coastal plain. 

The purpose of this study was to 
assess baseline forest outflow charac- 
teristics in eastern North Carolina based 
on past and ongoing research studies. 
More than 100 site years of forest 
hydrology and water quality data from 
the past 25 years have been conrpiled. 
including sites with natural vegetation 
and sites managed for timber produc- 
tion. A total of 41 sites (watersheds) in 
Carteret, Craven, Jones, Tynell, and 
Washington counties were included, 
ranging in area from 7.3 to 6,070 ha. 
Some site years considered in this 
compilation were affected by harvest 
and aerial application of fertilizer. 
Harvesting has been shown to cause 
short-tenn increases in some nutrient 
fractions and total outflow, while 
fertilization can increase nntrient 
concentrations (e.g., Sliepard, 1994). 
Therefore, site years affected by 
harvest or fertilization were excluded 
except for larger watersheds (of more 
tlran 200 ha) for which harvest or 



fertilization affected less than 10% of 
the watershed. The intent was to 
characterize the current baseline for 
forested sites located on flat divides 
between coastal streams and rivers in 
the coastal plain. Uplarld sites in more 
rolling topography and bottomland or 
riparian swamp forests also were 
excluded 'om the database. 

The data summarized in this report 
are from fieid studies of varying lengths 
of time and with varying monitoring 
intetisities. The studies can be broadly 
categorized into those that quantify 
both the outflow volume and nutrient 
concentrations and those that only 
quantify nutrient concentrations. 
Nutrient expolts can be directly 
calculated from the first category of 
study. For the latter category of studies, 
reported nutrient concentrations 

provide con~parisons xith tile more 
comprehensive studies and provide an 
opportunitl to estimate long-tenn 
nutrient exports based on regional 
hydrology. 

This report describes site character- 
istics and the experimental design for 
each of the I0 studies included. In 
evaluating nutrient exports frotn the 
forest sites, tlie report separates 
variation in outflow characteristics 
associated with hydrologic compo- 
nents, such as rainfall and hydrologic 
response, from nutrient concentrations 
that would vary with site characteris- 
tics. Outflow characteristics are 
sumnlarized by season (e.g., winter 

quarter) and on an annual basis. Thc 
intent of the report is to characterize the 
range of forest nutrient exports ob- 
served in the coastal plain. tiydrologi- 
cal and nutrient cor~centration data from 
the study sites are used to examine how 
variation among sites may be related to 
soil type, drainage intensit): vegetation, 
and physiographic setting. 



SECTION 2 - SITE DESCRIPTIONS 

The hydrology and irater quality standard colorimetric methods (e.g., watersheds located at the south end of 
results presented in this report came APHA, 1989). the tract (Fig. 2.1 ). Soils at the Carteret 7 
from nine research studies (referred to site are deep. fine sandy loams of the 
as full-year studies) and a broad survey Full-Year Studies Deloss series (fine-loamy. mixed, 
of forested watersheds (referred to as semiactive, thennic Typic Umhraquults) 
the Weyerhaeuser multi-tract study) in Cafleret County - that overlay sandy marine terraces. Duc 
diverse physiosmhic settings (Fig. 2.1). Carter& 7 to flat to~olirarthv and low elevation - .  - .  
Forty-one individual blocks or water- 
sheds ranging in area tionl7.3 to 6.070 
ha were included in this compilation. 
Table 2.1 provides a synopsis of site 
characteristics for all monitored 
locations included in this report, and 
Table 2.2 provides the general designs 
for the studies. Nutrient concentrations 
in the studies were analyzed by 

Forest outflow characteristics of three 
paired 25 ha experimental watersheds at 
the Weyerhaeuser Carteret 7 Tract have 
bee11 monitored since 1988 through 
cooperative research studies involving 
Weyerhaeuser, Nortli Carolina State 
University, and tlie University of 
Georgia. The site is ahout 10 km north 
of Beaufort. N.C., with the experimental 

(less than 3 m), a ditch system was 
installed in the early 1970s to iniprove 
drainage. Outflow from the experimental 
watersheds flows to the Core Creek 
Canal section of the Intracoastal 
Waterway via Eastman Creek. The 
managed lohlolly pine (Pinzr.~ laeda) 

stands in the watersheds were estab- 
lished in 1974 and thinned in 1980 and 
1988. 

C7 - Carteret 7 
ISC - Isaac Creek 
J5 -Jones 5 
TI02 - Tyrrell County 
TI04 - Tyrrell County 
TI07 - Tyrrell County 
W1 -Washington County 
PAR - Parker Tract 
VAN - Van Swamp 
PL - Pungo Lake 
OGF - Open Grounds Farm 
CRO - CroatanlCraven 40 

. - Multi-Tract Sites 

L I 
Figure 2.1. Map of eastern North Carolina showing the field study sites. The multi-tract study sites are 
identified in Figure 2.1 1. 



Table 2.1. Site characteristics for monitoring locations included in this review. 

Site 
Area Drainage System (m) 

Block (ha) Soil Series Field Snacina Denfh Vegetation 

Corteret 7 02 25 Deloss sl Yes 1CO 1.2-1.6 Managed loblolly pine 

Pungo rn; Deloss, 
Arapahoe sl; 
Ament I 

pocosin 

3 - 

lsooc Creek clll 83 Pungo,Dorern No N/A N/A NotursI pros;c 
J1 I > ,  .:-' L.O,,.', 1C.I I r ! ,  , s Iru ' 5  l.'->n-l,,..c l.,Li-. I, 1, .,, 

. . .,.. -.. .,, .i,. . , 
Jones County 12 71 lurhuntn, Grifioti, Yes 100 1.5 Monaged lotioily pine 

Wowlingtori sl 
J711 i lS  C(,.I 'T,  !1 C. 7 , , : .uO1: , ,  7 ,  h in, Yss i (0 1 j ~ . * a - u ~ r . l  ,I, ,,#PC 

Woodinnton sl  ~~~ :, - ~ 

Tyrrc-ll County.' 1102 7.3 Wceksvilie sl Yrs  K) 1.2 1.6 Noturul f~rect . . 
l i c r ~  (.ouI~, ! 1 :iY FLt,g<. ( , I  . . . N;.. \ /, NV:J rt -,r,i p::rj 

pines ond native 
51':,.!; 

lyrrell C<,uniy 1107 7.3 Belha<cn rn Yes 50 1.2. l .h Pond (lines; goliberiy 
!. JS! ~r,$>(,n <:C,L, -,' ..I; 3i' p c ~ ~ : ~ n . , . ~ , ~  h. k , .*, N :. ' 1-r I::, :CIS... .:~l.p 

forest: some nines 

Porker Trod F7 160 Belhoven rn Yes 100 1.2-1.5 Noturol hordwood 

Po~isrnouth sl; managed lobiolly pine 
Rpihnwn - 
. .b ,  ...-, , , ,  

Van Swamp1 . . VAN 6,070 Porismovth, Yes Varies unL 
. . 

Noturol forest; lobloll) 
. . . , .  . . 

. . . .  . : Aropohw sl; ,. pine; 5% agricull~re 
. .. 

' . Pungo, . . 
' . Bellioven rn 

' L " j .  0 . c  I.L 1'5 ,'<,,~!,. 0, ' . .  1.1;. 1! C P, ,,,,>l(:.,,3; , L ?  

ond wetlond shrubs 

Mosoniown, Rains, managed loblolly pine 

Ponzer rn pine; pocosin; hardwood 

Legend: Nlh .. notopplicoble; vnk - -  unknown. 
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Table 2.1. Site characteristics for monitoring locations included in this review (continued). 
-. . ---- 

Site 
Area Drainage System (m) 

Block Iha) Soil Series Field Saacina Deafh Veaetcrtion ~ ~ . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . .  . . 
- - - - - 

Open Giounds CX.3 7 5 9 .  . 8elhovm, . Nc N/A N/A Natural pocus;,. 
Wads n, 

Open Grounds OGlO 777 Roanoke, No N/A N/A Natural forest 
Deloss I; Ponzer, 
t, a5:lc ro 

Morrisoil ?rod . MOR 2,772 ,.Pungo, Yes 1 CO - 1.2 FAarlogrrl loliiolly . 
. . 

. , . - "Bclhovenrn; . , . . . . . . pir~e; natural pocosin . . lcaria s1 ' 
K!umcr 1r.1 , b \  Id/ ' -,,- i. .. L,,!l, - Ye; ?Ci. I ? P.',J!I~:;C n , r,,: 

Cape Fear 
Roanoke, 
P i r ~ , t ~ ? ~ r ~ l l  

Iiydc 15 1 r d  . - .. HI5 '496 . i :Portstnouth I; Y s  10 - 1 . 2  Manogd lohloll~ pire 
.: PcttiireG in; . . 

. . ('Rcookrn~r~ d 
' i ~ d r - ~ n - .  Iht,kr .,?-I ~ O ! J  1,854 . I .  iltc11, '2; liK i 2 l , ' r ~ i ~ ) ~ c . d  lob 5 , 

Dare rn; 
Torhunfa sl; 

pine; natural pine 

do,l.o,u I 
JBW l'roci JW1 1,300. : Bethero, Yes . 1100.2100' .1:2 Manayt:d loblolly p~ne 

Punte3o I; . . .  
. . 

, Lyncfbury, Rains sl 
I&/ /  T r u ~ ?  J\'l? 7 7 0  Bett,era, ?~r~te(lo I. \?; 1CO3iXI 17. Morlugwl loblol', F , ~ c  

L,,.c~lLu,g, ic,,ns s'  

l&W Troct Jw 1,552 Bayboro, Y,?s 1007CO. -1.2 Monogcd loMotly p rle 
Pantego, Rains, . , 
Leo! I; 
Crwtan rn 

Jd':/ ' r gc  J \ V J  371 iu,!>r ,c Ltuf 1 I?, 2!f i  1 2  Vr,-lnugt.:r lor,.oll, 3 - c  
Lvnrhbura sl -, - ~ :, ~ 

A b h n  Trod ABB 580 Dale, Panzer, Yes . . . .  203.. : - 1.2 Managed lotlally 
'-,Wasdo rn pin;; &tulpl pucosin 

E , ~  I.CCLSIII bl'i L(I)LO~O, I?.JI yes "n-230 I 2 t/.Ll~~r~gc.r~ lob ,- I /  p '.: 
. . .  Bates Bay ; &AT' . . 1,050 ,:C&ionrn; 'Yes ;, . j100:2100 2 . . f J l a ~ y e d  lobfolly 

. . . . . . . . . .  . . . ..': 1 ..: , . . . . . .  r .  i: , , 
.7clmu"ta,, : . . .' . , . ' . . . ' i . ' . ,  

. . .  . . . . . . .  . . . .  . . . . .  . .  8 t . 7 ' : :  ,'. ..,':.; :" 
p~pe; r,wturai' . 

. . . . .  .. :+. ,~ . . . . ; '>s,+i;Sde, . . ,;. . .  . . . . . . .  ; -  ' '<har&,&d :; 
:: . . . . . . *  :! . . i> .... - ... :, ' . .  . , : , j j . .  . . . . .  . . . ,  , ; . -?w&ir,gton . I .  : , 

)J 

. . . . . T  
Mutville s . . .  -. . -- . .. . . 

'Amatja et at. ( I  996, 19981, McCorthy et 01. ( I  9911. 
2Amaiya et 01. (19971, Lebo and Herimonn (I 998). 
Werrmann and White (1 9961, Fromm and Herrnmann (1996). 
5kaggs et 01. (1 980). 
Thescheir et at. ( I  995). 
Chescheiret 01. (1 998). 
'Daniel (1981). 
'Kirby-Smith ond Barber ( I  979). 

Legend: N/A == not~~plicabie; unk - unknovin. 



Table 2.2. Summary of study sampling designs. 
- - 

Site Blocks Periods Rainfall Flow Nutrients 

< ., ~ ~ 

s a c  C.rtei- ALL; 5 1985 94 Au~omo~ic or,s;te Cont ;*~~uus.  B;weeily gruL s:lrnplis 
r<i;~i go .ge V 11ot:i ncir 

, . . > > .  ..'c;-?: 1 - [ )  h j  l . L ~ , n . - A . l ~ u o j ~ 3  '-- ... If t l . ' , , , S  1: ,,??ll, C J r ~ l L ! ! , > ! r ;  rc 

7107 loin aouoe V-notch weir 
~ 2~ ~ a -  - .  

W~shington i o b r i t )  W1 1 YY3 - 96 Aulomotic onsitc <.ot~finuous, Aulomuiic soniplet 
roil1 gudgp flu ti^ 

f',),. C c f  I ~ : , L I  E 1 , F ' j  1 . 1  996 . V t .  ; . ~ , i r v . r t  : r r \ , ~ te  (1;: ~ > I , I ~ , C > U S .  C U I L P  c ~ r  : ; : > f w ~ . . : t ~ ~ ,  .: .;'.:c - 
F5; F6; F7; rain gauge V-notch weir samples 

m i n  . . . . .  
Nefenirre.scr 1 ' 5 1 1 ~  1997 00 Non,? None C;roti somp es; 
bA-ll;-'ruct 3-4 p e ~ q u o i t e ~  

.. .... - - ... . . . . . . . . . .  -. . . . .  - - . . - ....... - .... -. . . .  -. . - - -. - . 

'Amaiya et 01. (1996, 1998), McCorthy et 01, ( I  991). 
ZAmotyo etol. (1 9971, Lebo and Herrniann (1 998). 
'Herrmonn and White ( 1  9961, Fromm and Herrrnansi ( I  996) 
5kaggs et 01. (1 980). 
'Chescheir et ol. (1995). 
Chescheir et 01. (1 998). 
'Daniel (1981). 
'Kirby-Smith ond Barber ( I  979). 

Monitoring of outflow at the three 
paired watersheds began in 1988 just 
before the second thinning of the 14- 
year-old loblolly pine stands. Outflow 
from each stand was isolated from 
surrounding forest blocks by inserting 
plugs in the ditch system. In each stand, 
the drainage system consisted of four 
parallel field ditches, spaced I00 n~ apart, 
connected to isolate collector ditches at 
the west side of each block (Fig. 2.2; 
Ainatya et al., 1998). Flash-board riser 
stmctures wit11 120'" V-notch weirs were 
installed at the outlet of each stand. For 
a pre-lreatment calibration period (1 988 
to 19901, all three waterslieds were 

managed under a conventional drainage 
regime. Seasonal controlled drainage 
treatnlcnts (Amatya et al., 1998) were 
then applied to watersheds D2 and D3 
while the third watershed (Dl) remained 
in conventional drainage. For this 
treatnient period (1990 to 1995). outlet 
weir settings for watersheds D2 and D3 
wcre changed seasonally, at settings 
between 0.4 and I .O m beloa the soil 
stirrace, while the D 1 weir was main- 
tained at a depth of I .O In. Outflow data 
included in this summary report are for 
periods wlien the outlet weir setting for 
a given watershed was under t l~e  
conventional drainage regime (c.g., 
depth- I .O in). 
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Water stage upstream of outlet V- 
notch weirs was recorded continuously 
throughout the study with Leupold- 
Stevens recorders equipped wit11 
electronic dataloggers. Rainf.dll was 
measured near each ontlet with tipping 
b~ickel record,ers and backup mantial 
rain gauges. In additiot~ to monitoring 
of outflow and rainfall, complete water 
balances for each stand were developed 
that i~lcluded estimates of evaporation 
(soil and intercepted rain). transpiration, 
water storage in the soil column, and 
lateral seepage (see Amatya, 1993; 
McCarthy et al.. $991). Soiisb+ere 
cl~aracterized tbr water retention 
capacity and hydraulic conductivity. 
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Figure 2.2. Site map for the Carteret 7 paired watersheds (after 
Amatya et al., 1998). 

Water samples for the study were 
collected by automated lsco samplers 
and as grab samples approximately 
every week. Nutrient fractions analyzed 
in the study include NO,-N,NH,-N, 
TKN; and TP Nutrient export was 
computed by multiplying concentra- 
tioris from the composite samples by 
the outflow during each collection 
period. Values for the collection periods 
were summed to detennine quarterly 
and annual exports. Water quality 
characteristics are based on the grab 
samples f ron~ July 1989 to February 
1996, which are consistent with prior 
descriptions based on composites from 
automated samplieg (Amatya et al., 
1998; Smith, 1994). 

Carteret County - 
lsaac Creek 

Forest outflow was monitored at a 
second Weyerhaeuser site in Carteret 
County during 1985 to 1996 to assess 
how silvicultural operations affected 
outflow quantity and quality. 'The site is 

located near Ifearlfort (6.5 kni north of 
the Carteret 7 silc) and is bordered hy 
tlie lntracoastal Waterway on the west 
and by Sccondarj Road 1300 and Open 
Ground Farms on the east (Fig. 2.1, Fig. 
2.3). 130th the Isaac Creek and Carteret 7 
sites are part of a contimlous forest 
tract (2.000 ha) under Weyerhaeuser 
management. Forestry operations 
conducted at the site over those years 
included road maintenance, ditch 
renovatioris and nraintenance. timber 
harvest, site preparation, and replanting 
(Lebo and Herrmann, 1998). Tlirough- 
out these activities. discharge and 
water quality characteristics were 
monitored on drainage from 550 ha of 
the larger lsaac Creek Tract. 

'The elevation of the site varies from 
a ~naxi~num of 3 m on the platearl of the 
interstrean] divide to less than 1.5 m at 
the outlet points to lsaac Creek (Fig. 2.3). 
Soils on the site include both organic 
rnucks on the central plateau of the 

Figure 2.3. lsaac Creek watershed and adjacent Unditched (UD) 
block in relation to larger managed forest tract. Shaded region 
indicates boundaries of isolated forest stands, while thick lines 
denote the road system for the site. Approximate topography of the 
site in meters is shown with thin solid lines. Shaded circles show 
monitoring points, with arrows indicating outflow destination 
(adapted from Lebo and Herrmann, 1998). 



interstream divide and heterogeneous 
organic and mineral soils near the 
outlets to lsaac Creek. Outflow leaves 
the overall tract through six outlets: 
two to the North River. two to the 
Intracoastal Waterway, one to Back 
Creek, and one to the headwaters of 
Isaac Creek. The focus of this study 
was to monitor the quantity and quality 
of outflow leaving the tract through 
lsaac Creek. Riser weirs and earthen 
plugs were installed to isolate approxi- 
mately 550 ha ofthe tract, with drainage 
from hvo outlets (ABC and D) forming 
the headwaters for Isaac Creek (Fig. 
2.3). Monitoring stations were located 
at the two watershed outlets and at the 
outlet of block W (a subwatershed of 
ABC). These three stations provided 
data on outflow and nutrient concentra- 
tions during ongoing forestry opera- 
tions. In addition to these stations, a 
station was installed to monitor the 
outflow and nutrient concentrations 
from an adjacent unditched natural area 
(block UD). Following are details of the 
four monitored watersheds: 

&Forest stands on this 91 ha 
watershed are entirely managed 
loblolly pine. The block was har- 
vested and loblolly pine was re- 
planted in stages from 199 1 until 
1993. Soils are Pungo muck (Dysic, 
thermic Typic i-iaplosaprists) and 
Dare muck (Dysic, thermic Typic 
Haplosaprists), deep organic soils of 
sapric origin, which overlay sandy 
marine terraces. The block is drained 
by 1 m deep ditches spaced I00 m 
apart. 

D Forest stands on this 109 ha 
watershed are primarily managed 
loblolly pine at various stages of 
rotation; althougll there are isolated 
areas of natural pond pine stands 
(Pinus serotina). Soils are Deloss and 
Arapahoe (coarse-loamy, mixed, 
se~niactive, nonacid, themjc Typic 
I~umaqtieptsf sandy loams and Dare 
muck. The hlock is drained by 0.9 m 

deep ditches spaced 130 to 200 in 
apart. 

- ABC--This 359 ha watershed consists 
of blocks A, B, and C. Primary forest 
stands are managed loblolly pine at 
various stages of rotation, although 
there are isolated areas of natural 
pond pine stands in hlock C. Soils are 
Pungo and Dare mucks in blocks A 
and B. Block C has Detoss and 
Arapahoe sandy loams, Argent loam 
(fine, mixed, active, thermic Typic 
Endoaqualfs), and Ponzer muck 
(loaniy, mixed, dysic, thermic Terric 
Haplosaprists) in addition to Pungo 
and Dare mucks. Ditches are spaced 
I00 m apart (1 m deep) on blocks A 
and B and 130 to 200 m apart (0.9 m 
deep) on block C. 

UD-The forest stand on this 83 ha 
watershed b an unditched aatural 
stand of pond pine. Soils are Pungo 
and Dare mucks. 

Discharge at the four monitoring 
locations was measured using flash- 
board riser structures with 120" V-notch 
weirs(e.g., Skaggs et al., 1980). ?be 
weirs were calibrated in place, with 
discharge estimated from recorded 
stage on the upstream side of the weirs 
using Stevens type F (metric) water 
level recorders (Model 68). Data were 
also stored by data loggers (Omnidata 
DPI 15) and retrieved monthly. U'eir 
heights were identical for the ABC and 
D outlets, but the settings for the other 
paired blocks differed considerably. The 
block UD weir was set near the soil 
surface to restrict flow in an attempt to 
mimic conditions in an undeveloped 
pond pine forest, while the block B weir 
was 0.9 m lower. This difference in weir 
heights and operational changes in weir 
settings associated with forestry 
operations affect data comparability 
among the four sites and across the 
different years of the study. 

Raiiifall at the site was monitored 
continuotisly from 1989 to 1995 witha 
Qualunetrics Tipping Bucket Rain 
Ciai~ge equipped with a datalogger to 

record daily 'alues. For earlier dates, 
rainfall was measured every iveck with a 
manual fiylor Rain Gauge (1  986 to 
1 98Sj1 or regional precipitationdata(for 
Cedar Island, Morehead Cit); and New 
Bern) were averaged (1985). Water 
quality saniples for nutrient analyses 
were collected biweekly asgrab 
samples. When there was no discharge 
over the weirs, samples were not 
processed even if water was present 
behind the structure. Water quality 
samples were collected throughout the 
study from the ABC and I1 outlets but 
only for a portion of the period from 
blocksB(1985 to 1988and 1991 to 1994) 
and UD (1985 to 1988). Additional 
monitoring of the water quality for 
block iJD was conducted in 1995 to 
1996 concurrent with the Croatanl 
Craven 40 study. 

Nutrient exports were determined by 
quarter forNH,-N, NO,-N, T'N, PO,-P, 
and TP by multiplying the flow- 
weighted average concentration For 
each fraction by total outflow. Flow- 
weighted quarterly averaged nutrient 
concentrations were used to derive 
exports due to the infrequent (biweekly) 
sampling schedule for nutrients 
compared with storm-related 
hydrographs. Due to impacts of timber 
harvest on water quality (Lebo and 
f i e m a n n ,  19981, study years affected 
by harvesting,'replanting within a large 
portion of the drainage area were 
omitted for that monitoring location: 
(blockB) 1987,1991 to 1993; (block D) 
1989 to 1992; and (ABC outlet) 1986 to 
1987, 1991 to 1992. Mean seasonal 
exports for the study period at each 
nlonitoring location were derived by 
averaging calculated exports for all 
years not afTecZed by the several-year 
harvestingireplanting cycle. Average 
nutrient exports for block IJD adjacent 
to the lsaac Creek watershed were 
estimated for the entire sttidy period 
from average nutrient concentrations 
for 1986 to 1988and 1995 to 1996aild 
from mean seasonal flows for the entirc 
study period (i.e., 1986 to 1995). 
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Jones County I I 
Forest ot~tflow and nutrient concentra- 
tions were monitored during 198 1 to 
1984 at three adjacent stands of 
managed loblolly pine in the 
Weyerhaeuser Jones 5 Tract (Fig. 2.1). 
The site is approximately 32 km west of 
New Bemnear Cove City, N.C. The 
Weyerhaeusel- Company established 
this forest in the 1960s and has bought 
more land there over the past three 
decades. Most of the forest, currently 
69 km2, occupies an interbasin mineral 
flat (elevation I8 m) known as the Great 
Dover Swamp. Outflow from the forest 
enters Core Creek to the north (Neuse 
River) and Beaver Creek to the south 
(Trent River). 

'lhe three forested research stands 
are located near the center of Jones 5 
(Fig. 2.4) on fine, sandy loam soils of 
the Torhunta, Grifton, and Woodington 
series. The soil horizon down to about 
0.75 m is black loamy sand, which 
overlays either decomposed marl- 
Grifton series (fine-loaniy, siliceous, 
semiactive, themic Typic 
Endoaqualfs)-or sandy, clay-loams- 
Torhunta series (coarse-loamy, sili- 
ceous, active, acid, tliermic Typic 
Humaquepts) and Woodington series 
(coarse-loamy, siliceous, semiactive, 
thennic Typic Paleaquults). Drainage 
systems in the stands consist of parallel 
field ditches, spaced 100 m apart, that 
drain into larger roadside ditches. The 
elevation change across the stands is 
slight, about 0.6 in. Flashhoard riser 
weirs were installed at these outlets in 
February 198 1 

Following are descriptions of the 
three study blocks: 

- Jl-Most of this 101 ha block was 
planted with loblolly pine in 1978. 
The remaining 22 ha ofthe block is a 
stand of older loblolly pine, aerially 
seeded in 1964. The block was only 
monitored in 198 1 and 1982; a portion 
of the block was cleared for a power 
line right-of-way in 1983, and 
sampling was discontinued then. 

I 
Figure 2.4. Site map of the Jones 5 paired watersheds showing the 
surface water drainage system. 

- J2-This entire 71 ha block was 
planted with loblolly pine in 1978. 
The block was monitored &om I98 1 
to 1984. 

J3-This entire 65 ha block was 
planted uiitli loblolly pine in 1978. 
The block was monitored from 198 1 
to 1984. It was aerially fertilizedwith 
nitrogen and phosphorus in February 
1983. This review excludes J3 nutrient 
export data for February through 
June 1983 when ntxtrient export was 
affected by the aerial fertilization 
(Henmann and W%ite, 1996). 

Outflow was monitored continu- 
ously using stage recorders upstream 
of outlet weirs, with daily averaged 
flows determined from chart records. 
Raitifall was measured weekly with 
manual Taylor rain gauges located near 
each tract outlet. From February 1981 tc 
December 1984, water samples were 
collected every week (grabs) or over 
several days using automated lsco 
samplers during storm events or 
following fertili~ation ofthe 33 block. 
lsco sample bottles for nutrient testing 
were spiked with HgC1 to inhibit 
nutrient transformations during storage 
Nutrient fractions analyzed include 



'I'KN and soiitblc i(ieldahl N (SKN), 
Nil,-N. NO,-N.'l'l' and total dissolved 
I'(TD1'). In I983 and 1984, rainlhil 
saniples were also analyzed for N and P 
fractions. 

Quarterly flow-weighted nutrient 
concentrations were calculated (rather 
than using simple means) to account for 
the collection of both grab and compos- 
ite samples during the sctrdy. Nutrient 
exports were calculated by quarter over 
the entire study as the product of total 
flov, for each quarter and the flow- 
weighted concentration. Annual exports 
were calcillated by adding all quarterly 
values for a given year. The average 
annual export was calculated by adding 
average values for each season (e.g., 
winter values from 198 1 to 1984). 

Tyrrell County 

Skaggs et al. (1980) examined the impact 
of land development for agricultural use 
on outflow characteristics and nutrient 
exports by studying three typical soil 
types in'fynell County. For each soil 
type, an undeveloped control site of 
similar drainage area (e.g., one with a 
natural woodland or forest canopy) was 
matched with a site being developed for 
agriculture; all were on tlre property of 
First Colony Farms. All sites were on 
flat, low-elevation lands (2 to 4 nl) with 
surface slopes of less than 0.02%. 
Locations of the tluee sites are shown 
separately on the general map of the 
area in Figure 2. I, and the configura- 
tions of the sites are shown in Figure 2.5. 
The three pairs of sites were chosen to 
represent the three edapliic soil groups 
that span the full range of soils that can 
be used for agriculture in tile regiot~. 
Only the results from the undeveloped 
sites are presented in this review 

Following are descriptior~s of the 
experiilnental sites representing the 
three major edaphic groups: 

Tl02-The paired sites (TI01 
developed and TI02 irndevcloped) 
for tlie nlincral soil group were 
located in Tyrrell Corrnty irhoirt 6 

i Site Boundary . . - - - . . . . . . - . . . . . . . . . . . - . - - . . . - . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . - . - . . . . . . . . . . . . . . . . . . . . . . 
Rain 

Weir, Recorder, and Sampler 

- 
I W 

Water Table Rec 

Rain 

Drainage Direction 

- 
Collector Canal 

-- 
1,610 m 

(b) 

Figure 2.5. Site maps of study sites in Tyrrell County. Sites T i 0 2  and 
T i  0 7  were configured as shown in (a). Site T I 0 4  was configured as 
shown in fb). 

miles west ofthe Alligator River. The 
land is about 1.8 m above sea level. 
The Weeksville series (coarse-silty. 
mixed, se~niactive~ acid, thermic Typic 
Ilumaqtlepts) is a coarse, silty mineral 
soil with a histic epipedon. This 
group of soils is characterized by a 
surface liorizon with a high organic 
matter content that does not extend 
deeply enough in the soil profile (less 

than 0.40 ni) for the soils to he 
classified as organic. Site Y 102 had a 
stand of harvestable pine during the 
study. The site represented a natural 
forest drai&d by I .2 to 1.6 nl deep 
ditches spaced 90 m apart. Field 
measurements were collected from a 
single field ditch draining a 7.4 ha 
area. 



1'104-The paired sites (T103 
developed and TI04 iiitdevelopedj 
for the deep colloidal organic soil 
group were located in Washington 
and Tyrfell counties just south of 
Lake Phelpr, Tliese sites had 
elevatio~~s of 3.6 to 4.0 m, and the soil 
was in the Puogo series. This g o u p  
of soils has colloidal organic matter 
horizons extending 1.3 m deep into 
the soil profile. She undeveloped site 
('TlO4) had a cover of stunted pond 
pine and native shrubs. The site had 
a drainage area of 129 ha, with runoff 
flowing into a collector canal. Field 
measurenients were made from the 
collector canal. There were no field 
ditches in the undeveloped site. 

- T107---The paired sites (TI06 
developed and f 107 undeveloped) 
for the shallow organic soil group 
were located in Tyrrell County 4 miles 
east of New Lake. The low land 
elevation of the sites (0.9 to I .5 m) is 
marginal for gravity drainage flow. 
The soils were iii the Belhaven series 
(loamy, mixed. dysic, them~ic Terric 
I4aplosaprists) and had about 0.6 m 
of organic matter over a sandy loam 
subsoil. The amount of buried wood 

was relatively small. These soils 
hpically have a high organic rnatter 
horizon that extelids to depths of 0.4 
to 1.3 m below the surfacc before 
contacting8 mineral layer. The site 
represented a natural forest drained 
b) I .2 to I .6 m deep ditches spaced 
90 m apart. Field measurements were 
made from a single field ditch 
draining a 7.4 ha area. The undevel- 
oped site had a cover of native pond 
pines and slirubs. 

Skaggs et al. (1980) provides detailed 
descriptions of the soil profile at each 
location down to adepth of 12 m, which 
are not reproduced here. 

Flashboard riser structures with weirs 
were installed at the outlet of each 
experimental block. The sharp-crested V- 
notch weirs were calibrated in place, and 
water level recorders continuously 
measured stage upstream of the weir to 
derive outflow rates. The weirs were 
submerged during some periods of high 
rainfall when water backed up in the 
outlet drainage canal. Methods tbr 
correcting the flow volumes for the 
submerged conditions are reported in 
Skaggs et a,, (1980). Recordillgrain 
gauges were located at each site. 
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Figure 2.6. Site map f o r  the Wash ington  County  wetland site 
showing  surrounding land uses and locations of moni to r ing  stations. 

Autoil~atic composite water satnplers 
irere loc;itcd at the otitlet of each site, 
and the coinposite samples were 
collected iseekly for laboratow analyses. 
The coinposite saniples were analyzed 
forTP,TKN,NO,-N.andNH,-N. 
Nutrient export was calculated by 
multiplying the weekly composite 
concentxation value by the flow volurne 
for the week. 

Washington County 

Chescheir et al. (1995) studied a natural 
forested wetlarid located on tBe 
Tidewater Research Station near 
Plymouth, N.C. (Fig. 2.1). The research 
site was on one ofthe few remainiilg 
undrained nonriverine swamp forests in 
North Carolina. The 350 ha wetland had 
not been logged or otherwise disturbed 
for over 40 years. It was essentially flat 
with a total variation in surface eleva- 
tion ofonly about 0.5 rn. The predomi- 
nant soil type was a Portsmouth sandy 
loam (fine-loamy over sandy or sandy- 
skeletal, mixed, semiactive, thermic 
Typic timbraquults), with smaller areas 
of Relhaven muck, Roanoke silt loam 
( h e ,  mixed, setniactive, thermic Vpic  
Endoayuults), arid Muckalee loam 
(coarse-loamy, siliceous, nonacid, 
thermic Typic Fluvaquents). The 
wetland was populated by swamp 
forest hardwood specics including 
swamp tupelo (Nyssa hifloru), bald 
cypress (Tarodium di.sticum), tulip tree 
(liriodendron tulipifiru), and red 
maple (Acer rubrum), and some loblolly 
pine. The wetland is bounded by 
agricultural land to the north and by 
managed forest (Parker Tract) to the 
west, south, and east (Fig. 2.6). 

A portion of the wetland was 
selected as a site for intensive strrdy 
from Msy 1993 througlr Septernber 
1996. This drainage area was approxi- 
mately 137 ha arid was delineated by 
ridges on the north and south and by 
managed forest on the east and west. 
Drainage from the watershed occtrnzd 
through s h a l l o ~ :  intermittent streams 
(less than 0.3 m deep) that cornhiried to 



form a well-defined primary outlet on 
the northern end ofthe site. A shallow 
abandoned canal (less than 0.45 m 
deep) bordered the site on the east, 
forming a secondary outlet primarily as 
seepage. Overland flow during large 
runoff events may also have reached 
the canal. 

The primary outlet was equipped 
with wing walls atid a trapezoidal flume 
to measure the flow ofsurface water 
from the site. Stage was measured 
continuously in the trapezoidal section 
and 25 m upstream of the section. Water 
velocity and stage in the section were 
manually measured weekly, and these 
weekly measurements were used to 
develop a stage discharge relationship 
for the section. Flow from the second- 
ary outlet was measured by a sharp- 
crested V-notch weir. Fifteen series of 
two or three wells were installed in lines 
perpendicular to the wetland perimeter 
to determine shallow groundwater 
gradients. These gradients were used 
for calculating subsurface inflow to or 
outflow from the watershed. A weather 
station that measured precipitation, air 
temperature_ net radiation, relative 
humidit): wind speed, and wind 
direction was located 1.5 km north of 
the center of the wetland site. Three 
other recording rain gauges were 
located 3.1 km east, 3.0 km south, and 
4.2 km west ofthe wetland center. 

Automatic water samplers were 
installed at the outlets to collect 
samples for water quality analyses. The 
samplers were programmed to sample 
every day. The samplers were serviced 
every two weeks, at which time the 
samples were composited according to 
flow During high-flow events, each 
daily sample was analyzed. Two days of 
sanlples were combined and analyzed 
for medium-flow periods, and three 
days of samples were combined and 
analyzed for low-flow periods. Nutrient 
export was calculated by multiplying 
the concentration values b;* the flow 
volume for the period represented by 
each composited sample. 

Parker Tract 

\\'eyerhaeuser's Parker Tract encom- 
passes 4,000 ha of forested land located 
in Washington County approximately 
1 1 km southeast of Plymouth, N.C. [Fig. 
2.1). Forest outflow and nutrient 
concentrations have been monitored 
there since I996 at the outlets of seven 
forest stands (18 to 160 ha) and at the 
outlet of a watershed draining 2,900 ha 
of managed and natural hardwood 
stands (Fig. 2.7). The monitoring was 
part of a larger study monitoring 
hydrology and water quality through 
the 10,000 ha watershed that includes 
the Parker Tract and the Washington 
County wetland site. The larger 
watershed includes other agricultural 
and forestland uses (see Chescheir et 
al., 1998). The overall objective of the 
large watershed study was to determine 
the cumulative effects of land use and 
rnanagemerit practices on nutrient 
loading at the outlet of a large coastal 
plain watershed. 

Outflow from the Parker Tract enters 
Kendricks Creek 16 km upstream of the 
Albemarle Sound through three main 
outlets. Both mineral and organic soils 
are present on the watershed, The 
mineral soils are very poorly drained 
Portsmouth and Cape Fear series, while 
the organic soils are primarily Belhaven 
and Pungo series located in the 
southern part of the tract. The drainage 
system at the site is a network of field 
ditches and canals that divide the tract 
into a mosaic of regularly shaped fields 
and blocks offields. Field ditches, 
which provide both surface and 
subsurface drainage, are spaced 80 to 
I00 m apart and range in depth from 0.6 
to 1.2m. 

Following are descriptions of the 
monitoring locations: 

F1-This 18 ha block was planted with 
loblolly pine in 1992. Its soil is rnineral 
soil of the Cape Fear series (fine, 
mixed. semiactive; tliermic T ~ p i c  
Umbraquults). Ditchcs are 90 m apart. 

- F3-This 47 ha block was planted with 
loblolly pine in 1983. Its soil is mineral 
soil ofthe Cape Fear series. Ditclies 
are 80 m apart. 

F4-This 99 ha block is amixed 
hardwood and pine stand 
(nonriverine swamp forest) fhat has 
not been harvested since 1920. Its 
soil is organic soil of the Pungo 
series. Ditches are 100 m apart. A 
deep drainage canal was adjacent to 
the site, and this situation resulted in 
significant lateral seepage from the 
block to the canal. 

F5-This 127 ha block was planted 
with loblolly pine in 1984. Its soil is 
organic soil of the Belhaven series. 
Ditches are 90 ni apart. The site was 
near a deep drainage canal that 
caused significant lateral seepage 
tiom the block to the canal. 

F6-This 90 ha block was planted with 
loblolly pine in 1992. Its soil is 
organic soil of the Belhaven series. 
Ditches are 90 m apart. 

F7-This 160 ha block is a mixed 
hardwood and pine stand 
(nonriverine swamp forest) that has 
not been harvested since the 1920s 
and 1930s. The soil on the site is 
organic soil of the Belhaven series. 
Ditches are I00 m apart. The site was 
near a deep drainage canal that 
catrsed significant lateral seepage 
from the block to the canal. 

F8-This 64 ha block was planted with 
loblolly pine in 1979. Timber on the 
site was harvested in the summer of 
1997 and is being used in a study of 
the effects of harvesting, site 
preparation,and regeneration on soil 
hydraulic properties and water 
quality. The data presented in this 
report only represent the time period 
before harvest. The soil on the site is 
mineral soil of the Cape Fear series. 
Ditches are spaced I00 m apart. 



S4-The otitlet of this ?,900 ha 
watershed drains blocks of mixed 
hardwood and pine forests 
(nonriverine swamp forest) and 
blocks of managed loblolly pine 
plantation. Approximately one-third 
of the watershed is natural forest. 
Mineral soils make up approximately 
one-third of the watershed. 

Water stage upstream and down- 
stream of outlet V-notch weirs in riser 
structures was recorded continuously 
throughout the study with Leupold- 

Ste\'ens recorders equipped with 
electronic dataloggers. Rainfall was 
measured at six locations in and around 
the Parker Tract with tipping hucket 
recorders and manual rain gauges as 
backups. Chescheir et al. (1998) 
provides additional information on 
instrumentation at the site and overall 
study objectives. 

Water samples for the study were 
collected by automated samplers and as 
grab samples about every two weeks. 

Automatic samplers usually operated in 
a Row-proportioned composite mode 
during the study, except during special 
stonn event samplings. Nutrient 
fractions analyzed in the sti~rly include 
NO,-N, NH4-N. TKN, and T!? Nutrie~lt 
exportwas computed by multiplying 
concentrations from the composite 
samples by the outnow during each 
collection period. Values for the 
collection periods were added to 
determine quarterly and al~nual exports. 

4 To Albemarle Sound 

I I 

Figure 2.7. Site map for the Parker Tract within the 10,000 ha watershed instrumented to measure the 
effect of land use and best management practices on watershed hydrology and nutrient loading. 



Van Swamp and 
Pungo Lake 
I l le I1.S. Geological Survey initiated a 
study in 1976 to compare the flows and 
water quality of runoff Gonr three sites 
near Plymouth N.C. (Daniel, 1981). One 
site, the Albemarle Canal watershed 
(1 I6 km2), had been developed for 
agriculture with an extensive drainage 
system (Fig. 2.8). The other two sites 
wereVan Swamp, a relatively undevel- 
oped mineral *t wetland forest; and a 
small organic flat with low pocosin 
vegetatioir on the Pungo Lake Wildlife 
Refuge (now Pocosiii Lakes Natiorial 
Wildlife Refuge----PLNWR). Follo%ving 
are descriptions of tlre two forested 
sites (Van S\vamp atid Pungo Lake): 

Van Swamp-This 6,070 ha watershed 
is an elongate interbasin inincral flat 
(ca4.8 x 12.8 kin) that iics between a 
low sand ridge on tlie enst (e.g.. N.C. 

32) and the Suffolk Scarp (e.g.. joined the Albeinarle Canal watershed 
Secondary Road 1 100) on the west. (see Fig. 2.8). 
Elevations approach IS m along the 
scarp, and the watershed slopes 
gradually (0.01%) to the east to an 
elevation of 7.5 mat  the outlet. 
Approximately 95% ofVan Swamp 
was forested (about 50% managed 
loblolly pine plar~tation and SO% 
natural forest), and the remaining 5% 
was agriculture. About two-thirds of 
the natural forest was nonriverine wet 
hardwood forest, and the retnainiilg 
one-third was pond pine woodlands. 
Soils in the northern two-thirds of the 
watershed are mineral sandy loams, 
predominantly in the Portsmouth and 
Arapahoe series. In the southern 
third of ttie watershed, the soils are 
predoinitialrtly organic in the 
Belhiiven and I'ungo series. Drainage 
outflow was gaugcd at a culvert 
underN.C. 32 where the outflorv 

Pungo Lake-This 75 ha organic flat 
block is located on the north hound- 
ary of the Pocositi Lakes National 
Wildlife Refuge and has low elevation 
(2.5 m). Vegetation on the block is 
pond pine ( P  serotit~a), loblolly bay 
(Gordonia lasianthus), and various 
species of ericaceous shrubs. Soils 
are very deep. poorly drained peat of 
the Pungo series. Outflow from the 
site was isolated from surface runoff 
from adjacent farmland by spoil 
banks on the north boundary On the 
soutll and west boundaries, ditches 
inside the spoil banks collected the 
outflow. Outflow was gauged at the 
sot~theast comer of the site where 
drainage entered Allell Canal and 
flowed south into the Pungo River 
lieadivtaters. 



Flow monitoring at the Van Swamp 
watershed (USGS 02081571) began in 
May 1977 and has continned until the 
present. Flow moi~itoring at the Pungo 
L&e site (IJSGS 02084556) began in 
May 1976 and ended in September 1979. 
Water quality sariiples were collected 
manually from hoth sites at approsi- 
mately monthly inten~ais. Sampling at 
Pungo Lake began in June 1976 and 
ended in November 1979. Water 
sampling occurred during three periods 
at Van Swamp: blarcli 1978 to Novem- 
ber 1979; October 1984 to September 
1987; and October 1993 to September 
1995. Saniples were analyzed forN0,-N. 
TKN, SKN, TP. and TDP during the 
1970s study. For the 1980s and 1990s 
study periods, samples were also 
analyzed for N1-1,-N and PO,-P, in 
addition to the other analyses. Seasonal 
nutrient export was calculated for each 
study period by multiplying the 
seasonal average concentrations by the 
corresponding average drainage 
volunle for that period. 

The quality of ntnoff from the Croatarl 
National Porest and adjacent managed 
forests (Craven 30) near Havelock, N.C. 
was monitored from October 1995 to 
September 1996. The goal was to collect 
data on backgronnd nutrient levels in 
the runoff from minimally disturbed 
forestlands with mainly mineral soils 
(Fig. 2.9). Water saniples were collected 
to provide data nn seasonal variations 
in nutrient concentrations from wetland 
forests on several mineral soil types. 
The sampling sites were near Havelock, 
within the Croatan National Forest 
along Bill Finger Road and in the 
Weyerhaeuser Craven 40 Forest Tract; 
initially (fall 1995), eight streams were 
surveyed in these sites. 

Seven surveys for runoff water 
quality were conducted during October 
to December 1995. Based on the results 
from these surveys of a number of 
creeks draining similar soils, three 
"core" sites were selected to monitor 
for seasonal variations in nutrient 

I 
Figure 2.9. Site map for the CroatanICraven 40 study sites. Closed 
circles indicate "core" sampling locations, while shaded circles 
indicate additional sampling locations during the synopic surveys. 

coricentrations drrring Januar) to 
September 1996. These ivcre: 

CK-43- I'his 297 ha area drains iiom 
riiineral soil in the Croatan National 
Forest off Bill Finger Road at I'ole 43. 
lipland soils in the watershed are 
black; fine sandy ioarns in the 
Pantego (fine-loamy> siliceous, 
semiactive, them~ic Urnbric 
Paleaquults), Rains (fine-loamy, 
siliceous_ semiactive, thennic Typic 
Paleaquults), and 'Ihniotley (fine- 
loany, mired, semiactive, thennic 
Typic Endoaquults) series. Mucky 
sandy loam soils of the Masontown 
series (coarse-loarn)i siliceous, active, 
nonacid, thermic Cumulic flwnaquepts) 
occur along natural drains. 

HA-l--This 407 ha area drains from 
ditched(80 to90 mspacing) loblolly 
pine on mineral soil (e.g., HA-3 soils) 
in the Craven 40 Tract mixed with 
loamy mineral soils with a muck) 
surface component along the drain 
Masontown series. Outflow from a 
headwater pocosin area with Croatan 
series muck (loamy, siliceous, dysic, 
thennic'l'ellric Haplosaprists) may 
also affect water quality. 

HA-3---This 148 ha area drains from 
ditched (80 to 90 m spacing) loblolly 
pine on fine sandy loams--Pantego, 
Rains, and Tomotley series in tlie 
Craven 40 Tract. 

Water samples were collected from 
these three sites three to seven times 
per quarter and were analyzed for IKN,  
NI4,-N, NO,-N, andfP. Basic water 
parameters (temperature, pH, conduc- 
tivity, and dissolved oxygen) \yere 
measured with a YS1 Model 3800 
multimeterFlow at the tinie of sampling 
was estimated where possible. 

Carteret County - 
Open Grounds Farm 

I'he water quality of forest outflow in 
tlie Open tirou~ids region of Caileret 
County was monitored fronl 1975 to 
1976 during the coriversion of the site 



to intensive agricultural use (Kirby- 
Smith and Barber, 1979). The Open 
Grounds region is a large, low-elevation 
wetland about 16 km northwest of 
Beaufort. It is bounded b) the Neuse 
River on the north a id  by Core Sound 
on the south and east. In Januaq 1974, 
an agricultural corporation acquired 
18,200 ha to develop Open Grounds 
Farm (OGF). It constructed drainage 
ditch systems, cleared land, and 
established grassed pasture areas and 
row crops (com and soybeans). The 
natural vegetation had included pond 
pine woodlands, pocosin ericaceus 
wetland shrnbs and trees, and open 
grasslands. Drainage from OGF flows 
into South River, Back Creek, and North 
River (Fig. 2.10). 

Study sites pertinent to this review 
include two sites within OGF (a pocosin 
and a natural forest) and one site for 
monitoring outflow from predominantly 
forested areas adjacent to OGF: 
Following are the OGF and nearby 
forest area stations whose data were 
included: 

OG I-A roadside ditch along 
Merrimon Road received outflow 
from the 630 ha Cozier Tract of 
fntemational Paper (now managed by 
Weyerhaeuser Company). The 
drainage area included managed and 
natural pine stands (P tuedu, P 
srrolina). Soils are Deloss and 
Tomotley sandy loams in the hard- 
wood and pine stands and Ponzer 
muck in the pocosin area. 

OG &-This 259 ha undeveloped 
organic flat was located in the center 
of OGF Drainage flowed to South 
Riser. Soils on the pocosin are 
Belhaveti and Wasda (fine-loamy, 
mixed, semiactive, acid, theimic Histic 
Humaquepts), poorly drained mucks 
overlaying sandy marine terraces. 

OG 10--A natural forest stream 
eventually draining to North River 
received runoff from this site. I h e  
site was sanlpled more routinely in 
1976 than in 1975. Soils in this 777 ha 

Carferet County (after ~irb~-Smith and Barber, 1979): 

creek watershed are poorly drained 
loanis (Deloss and Roanoke) and 
Wasda and I'onzer mucks, which 
overlay sandy marine terraces. 

In the Duke University Marine Lab 
(DIJML) sampling program at these 
sites, grab water samples were taken 
two or three times a month throughout 
the year at 11 sites in 1975 and at six in 
1976. Outflow volumes or rates were not 
measured, although a qualitative flow 
description was recorded (e.g., weak or 
strong flow) and rainfall events were 
noted. NitrateN, NH,-N, partictilate 
organic N (PON), and PO,-P were 
measured. Unfottunately, dissolved 
organic nitrogcn (DON) and TP were 

not measured, so total concentrations 
o f N  and P were not available from the 
study. 

Weyerhaeuser 
Multi-Tract Study 
Weyerhaeuser Company measured the 
nutrient concentrations in outflow 
coming from a broad cross-section of 
forested subwatersheds between 1997 
and 2000. The goal was to detemiine 
whether tlie high NO,-N concentrations 
observed in the Parker Tract study site 
could be found in similar locations near 
the Suffolk Scarp. Weyerhaeuser 
sampled tlte outlets of 1 I forest 



suhwatersheds ralrgitig in size ftom 37 1 stands in tlre south and an area of l'ortsmouth series loaius, and 
to2,272 ha(Fig. 2.1 I). The forest natural pine in tlie north. Soils are Roanoke and %motley series ioams. 
canopy in these subwatersheds was 
predominantly lohlolly pitie, with some 
natural stands of pine and/or hard- 
woods at some of the sites. All sites 
had drainage systems consisting of 
interior field ditches connected to 
roadside coilector ditches. The pre- 
dominant soil types in each 
subwatershed were generally either 
mineral or organic as noted: 

Morrison Tract-This 2,272 ha 
subwatershed is located in Gates 
County 21 km north of Hertford, N.C., 
and is part of the Great Dismal 
Swamp. It is east of the Suffolk Scarp 
at an elevation of about 6 m and has 
interior ditch spacing of about 100 m. 
Outflow from the site drains south to 
an unnamed trihutaiy of the 
Perquimans River. The forest consists 
of early- to mid-rotation lohlolly pine 

organic mucks in the Belhaven and 
Pungo series and are highly acidic. 
Along the southern boundary of the 
subwatershed and at the watershed 
outlet, there is a narrow hand of 
sandy loan soil in the Icaria series 
(fine-loamy over sandy or sandy- 
skeletal, siliceous, serniactive, thermic 
Qpic  Umhraquults). 

Kramer Tract-This 807 ha 
subwatershed is located in 
Perquimans County east of Suffolk 
Scarp at the south end of Bear 
Swamp. Elevation is approximately 6 
m. Interior ditch spacirig is 200 m. The 
outlet drains into Bethel Creek, which 
is a tributary of the Yeopim River. The 
forest at the site is predominantly 
late-rotation lohlolly pine. Soils are 
mineral, mainly Cape Fear and 

Hyde 15--This 496 ha subwatershed 
is located in flyde County east of 
the Pungo River section of the 
Intracoastal Waterway (ICW) and 18 
km east of Belhaven, N.C. This low- 
elevation site (less than 3 m) is 
drained by interior ditches that are 
mostly 100 m apart; a few areas have 
closer spacing at 60 m. Outflow from 
the subwatershed goes to the 1CW. - 
The forest at fhe site is mainly mid- to 
late-rotation lohlolly pine. Near the 
drainage system outlet there are 
mineral soils: Portsmouth loam and 
Brookman clay loan (fine, mixed, 
superactive, thermic limbric 
Endoaqualfs). The southern portion 
of the drainage area has Pettigrew 
series muck soils (fine, mixed, 
semiactive, nonacid, thennic Histic 
Hun~aquepts). 

MOR - Morrison 
KRA - Kramer 
PAR - Parker Tract 
VAN -Van Swamp 
J&W - J&W 
ROD - Rodman-Meyer 
HYD -Hyde 15 
ABB - Abbott 
BIG - Big Pocosin 
BAT - Bates Bay 

- Full-Year Sites 

I 
Figure 2.1 1. Map of eastern North Carolina showing the multi-tract study sites. The full-year study sites 
are identified in Figure 2.1. 



. Rodman-Meyer 'I'llis 1,854 ha 
subwatershed is located in Reaufort 
County and occtipies the southen1 
half of Van Swamp. It is on the east 
margin ofthe Suffolk Scarp at an 
elevation o f6 to  12 in. N.C. 32 forms 
the eastern boundary of the site, 
wlticlt is 5 knt north of Pinetoun, N.C. 
Ditches on this tract are 100 m apart, 
and outflow drains to the Acre 
Swamp branch of Pungo Creek and 
eventi~ally to the Pungo River. The 
forest at the site includes early- to 
mid-rotation loblolly pine and natural 
pine stands. Soils are mainly organic 
mucks in the Croatan and Dare series. 
Along N.C. 32. the soils are sandy 
loams in the 'Torhunta Series. Near 
the subwatershed outlet, there are 
acidic mineral soils in the Bayboro 
series (fine, mixed, semiactive, thennic 
Umhric Paleaquults). 

J & W Tract 'This large, continuous 
forest tract is located in Beaufort 
County west of Sltffolk Scarp and 
was fornlerly known as Mall Swamp. 
The swantp fonns the headwaters of 
several streams that drain either north 
to the Roanoke River or south or east 
to the Pamlico and Pungo rivers. 
Elevations ofthis interbasin swamp 
range from about 12 to 15 nl. Four 
subwatersheds in this tract were 
included in the study; three are on 
tlte west side, and one is on the east. 

J&W 1 T h ~ s  1,300 ha subwatershed 
1s on the west stde of the tract and 
drams to the Hardtson Mill branch of 
Sweetwater Creek, a tribittary of the 
Roanoke River. Ditch spacing is 100 
and 200 m, and the forest is mainly 
loblolly pine. The soils in the 
subwatersbed are Uethera loam (fine, 
mixed, semiactive, tltennic Typic 
Paleaquults) and Pantego loanl: 
I-ynchhurg sandy loam (fine-loam% 
siliceous, semiactive. therrnic Aeric 
Paleaqui~lts); and Rains sandy loam. 
The I00 m ditch spacing is mainly in 
the northeast part of the watershed 
where tliere are Bctltera soils. 

J&\IZ 2- This 750 ha suh\vatershed is 
located in the nolthwest comer nf the 
tract. Its outflow enters the Deep Run 
Swamp branch ofGardners Creek 
(Roanoke River system). Ditch 
spacing is LOO and 200 m, and the 
forest is mainly loblolly pine. Soils are 
loams and sandy loams in four series: 
Bethera loam, Rains sandy loam, 
Lynchburg sandy loam, and Pantego 
loan. 

J&w 3-This 1,552 ha subwatershed 
is located in the southwest portion of 
the tract, and the forest is mainly mid- 
rotation loblolly pine. Ditch spacing 
is 100 and 200 m. The drainage 
system outlet, on the south side of 
the subwatershed, flaws into a 
branch of Hardison Mill Creek, which 
enters Sweetwater Creek. Soils are 
mainly minenl in four series: Bayboro 
loam, Pantego loam, Leaf silt loatn 
(fine, mixed, active, thermicfypic 
Aibacluults), and Rains loam Croatan 
muck occurs near the outlet and in 
the southem portion of the 
subwatershed. 

J&W 4--This 371 ha subwatershed is 
near the southeast side of the tract 
and shares some of tlle same soil 
character. Ditch spacing is 200 m, and 
the forest is mainly loblolly pine. The 
olttflow enters the Swamp Fork of 
I'ungo Swamp Creek, a trib81tary of 
Pungo Creek. Bayboro loam and Leaf 
silt loam are major soils in this area. 
Lynchburg series sandy loam also 
occurs as a minor component. 

Abbott Tract-This low-elevation 
subwatershed (less than 5 m) is 
located in Beaufort County as a 580 
haportion of Gum Swamp 1 I .3 km 
east ofAurora, N.C., between the Bay 
and Pamlico rivers. Forest stands are 
trtainly early- and late-rotation 
loblolly pine and have an interior 
ditch spacing of 200 m, except for a 
few areas with 70 In spacing. Drain- 
age from the subwatershed enters 
Campbell Creek, a tributary of Goose 

Creek (I'amlico River system). Soils 
are n~ainly organic inuck of the Dare 
and Ponrer series. A portion of the 
drainage area near the sub%vatershed 
outlet has mineral soils in the Wasda 
series. 

Big Poensin-This 819 ha 
subwatershed is locatcd in Craven 
County and drains to Little Swift 
Creek and eventually the Neuse River 
via Swift Creek. Outflows to the north 
enter several branches of Blounts 
Creek, which flow into the Pamlico. 
The site is 22.5 kin north of New Bern 
and has an average elevation of 6 m. 
7he ditch spacing is mainly 200 m, 
although ditches are 100 m apart in 
the north part of the subwatershed. 
The forest consists of mid- to late- 
rotation loblolly pine. Soils are in the 
Bayboro and Leaf series. 

Bates Bay-This 1,050ha 
subwatershed is a portion of the 
Jones 5 Tract and is pan of an 
interhasin flat(e1. 15 to 18 nt) formerly 
known as the Great Dover Swamp. 
Outflow from the subwatershed 
sampled drains to the Neuse River via 
Core Creek. Ditch spacing is 100 m in 
the upper portion of the drainage area 
with organic muck soils and 200 m 
toward the outlet. The forest is 
rnostly loblolly pine with early- 
rotation stands in the upper 
subwatershed and mainly mid- to 
late-rotation pine stands and a 
hardwood areaon the mineral soils. 
Approxinlately one-third ofthe 
drainage area originates froin Bates 
Bay, a deep peat deposit near Dover, 
with an organic muck soil in the 
Croatan series. Soils in the 
downslope area of the subwatershed 
are mainly sarldy loan~s: Torhtlnta 
and Stockade (fine-loamy, mixed, 
superactive, tttennic Umbric 
Endoaqualfs). Minor soils in this area 
include Murville sand (saildl. 
siliceous, thennic Umhric 
Endoaquods) and Woioodi~lgton 
sandy loam. 



'fie sampling program focused on 
winter and spring, the times when 
maximum NO,-N co~~centrations were 
observed in the Parker 'I'rac~Kendricks 
Creek drainage area. Outflow from each 
subwatersl~ed was collected as a grab 
sample at its outlet typically three to 
four times per quarter. For surveys 

conducted in 1998,1999, and 2000, I .abora to~ When there was i ~ o  outflow 
sampling was conducted over one lo from a subwatershed, field measure- 
two days to rninisriize hydrological ments were not taken and water 
differences ainong the sites for a given samples were not collected. Samples 
set of samples. The water samples were that were collected were analyzed fbr 
preserved with sulfuric acid in the field TKN, NO,-N, NH,-N, and TP. 
and stored on ice during transport to 
the Weyerhaeuser New Bern Analytical 



SECTION 3 - BASELINE HYDROLOGY 

Rainfall in eastern North Carolina is 
highly variable on an annual and 
seasonal basis (1Bble 3.1). Stitnmer ha$ 
the highest average rainfall. The 
greatest year-to-year variation in 
seasonal rainfall also occtus in the 
summer monttis since much of the 
rainfall during these times occurs in 
highly variable convective and tropical 
storms. The rest of the rainfall for the 
year is fairly evenly distributed among 
the fall, winter, and spring seasons. with 
the least rainfall occurring in the fall. 
While the highest rainfall occurs in the 
summer, most of the excess water 
(rainfall - potential evapotranspiration 
[PET]) occurs during the winter. On 
average. rainfall exceeds potential 
evapotranspiration every quarter with 
the exception of spring, when a stnall 
deficit (24 to 42 mm) occurs. Average 
annual excess water for eastern North 
Carolina ranges from 390 to 4 15 mm, 

which is about 3096 of average annual 
rainfall. 

Carteret County - 
Carteret 7 

The 1>1 watershed represented a 
managed forest east of the Suffolk 
Scarp with internal field ditches and 
mineral soil. Annual rainfall at Dl during 
I988 to 1995 averaged 1,497 mmlyr 
(Table 3.2), which was somewhat higher 
than the 40-year average (I951 to 1990) 
of 1,379 mnvyr for nearhy Morehead 
City, N.C. (Table 3.1). The dry years 
during the study period were 1990 and 
1995, when 1,236 mmand 1,252 mm of 
precipitation fell, respectively, while 
1989 and I 9 9  were the wettest years 
with 1,875 mm and 1,619 mm, respec- 
tively (Table 3.2). Annual outflow for 
1988 to I995 averaged462 m and was 
significantly correlated with precipita- 

tion (p-0.02). Variation in annual 
outflow (CV=0.33) was greater than for 
precipitation (CV=O. I 4), with miniintun 
and maximum outflow values of 240 inm 
(1990) and 658 mm (1 989), respectively. 
Average hydrologic response (oottlowi 
precipitation) for the Dl watemhed 
during 1988 to I995 was30%, with an 
overall range of 19 to 3894. Loss of the 
remaining water at the site occurred 
through evapotranspiration (52?/,), 
interception (IS?/,), and lateral seepage 
(3%); deep seepage at the site was 
minimal due to an impermeable layer at 
3.0 m (Amatya et al., 1996; McCarthy et 
al., 1991). 

On a seasonal basis, outflow from 
the Dl watershed was highest during 
the winter quarter(249 mm) at 63% of 
total rainfall (Table 3.2). The overall 
range in hydrologic response during 
the winter period was 26 to 90% for the 
eight-year study period, ~vitll outflow 

Table 3.1. Quarterly and annual precipitation (P), estimated potential evapotranspiration (PET), and 
excess water (P-PET) for selected eastern North Carolina weather stations. Values (mm) shown are the 
average, standard deviations, and coefficients of variation for data from 1951 to 1990. PET was 
calculated using the Thornthwaite method with correction coefficients presented by Amatya et al. (1 995). 

F'lymouth 
Average 
Std Dev 
a 
New Bern 
Average 
Std Dev 
CV 

Morehead 
City 
Average 
Std Dev 
CV 

Winter Quarter 1 Spring Quarter I Summer ~ u a r t e r l  FaN Quarter 1 Annud Totals 

1 P PEr PPRI P PET P-PET P PEr PPEr P PET &PET P PET PPR. 



Table 3.2. Carteret 7 hydrology - D l .  Quarterly and annual outflow (Q) and precipitation (P) values are 
shown for 1988 to 1995. 

Annual Totals 

Q P Q/P 
mm mm % Year 

1988' 
1989 
1 990 
1991 
1992 
1993 
1994 
1995 

Average 
Std Dev 
@I 

significantly (pi0.05) correlated with 
winter precipitation ( ~ 0 . 7  1). In contrast, 
spring and summer outflow was low, 
averaging 54 mm and 50 mm, respec- 
tively, despite a combined total of 766 
nun of rainfall. The hydrologic response 
during spring and summer was corre- 
spondingly low at 19 and 8% respec- 
tively Summer outtlow was strongly 
correlated with rainfall (r-0.92, p=O.OO I), 
despite low average ot~iflow for the 
study period. Outflow increased again 
during the fall quarter (avg. I09 mm), 
accounting for 29% ofthe rainfall. 
Outflow was more variable than rainfall 
for all quarters. Variability of outflow 
was least during the winter quarter 
(CW0.39) compared to the spring 
(CV-O.XS), summer (CVz1. 13); and fall 
(CV-0.88). Kairifall w a  also least 
variable for the winter quarter. 

Carteret County - 
lsaac Creek 

Note: (*) tract D2 ouiilow used for 1988 winter quarter due to 0.7 rn weir sewing for Dl  

Winter Quarter 

Q P Q/P 
mm mm % 

178 336 53% 
100 385 26% 
140 291 48% 
286 420 68% 
307 430 71% 
341 439 78% 
292 420 70% 
351 390 90% 

249 389 63% 
96 51 20% 

0.39 0.13 0.32 

Rainfall at Isaac Creek, located east of 
the Suffolk Scarp, was highest during 
the summer io most years. Overall, 
annual rainfall for this 10-year study 
( 1986 to 1995) varied from 1.038 m~ii')ir 
in 1990 to 1.546 mni!qr in I989 (Table 
3.3). l'hernean annual rainfall value for 

the 10-year period, when all years are 
included, was 1,265 mm, which was less 
than the long-term mean at Morehead 
CiQ N.C. (Table 3.1). Rainfall during the 
summer was significantly higher 
(p(0.007) than in all other seasons; at 
457 mm, on average, it accounted for 
36% ofthe annual total ('Table 3.3). For 
other seasons, mean values for the 
period were from 240 to 296 mm, with 
the lowest value for the spring. Years 
with above or below average railifall 
generally reflected an abnormally high 
or low value (100 mm) for only one 
quarter rather than throughout the year. 
The exceptions to this simple pattern 
were 1989 and 1993, when rainfall 
sl~bstantially deviated frorn seasonal 
means for two seasoris. 

The monitoring sites in the lsaac 
Creek study represented a ditched 
managed forest on organic soil (B); an 
onditched nahlral forest on organic soil 
(UD); a ditclied. mixed managed and 
natural forest on niostly mineral soil 
(D); and a ditched, r~tixed managed and 
natural forest on rnineral soil (ABC). 
Outflow nieasured at these sites varied 
considerably among different years of 
the study (Tables 3.3 and 3.4). For each 
location, annual ootflow volumes 
during the high precipitation years 

Spring Quarter 

Q P Q/P 
mm mm % 

25 346 7% 
113 378 30% 
94 250 38% 
15 243 6% 
39 276 14% 
119 2 42% 
25 220 11% 
0 286 0% 

51 285 1936 
47 53 16% 

0.88 0.19 0.85 

(1989,1991, and 1992) were nearly twice 
as high as flow volu~nes during the low 
precipitation year, 1990. Despite this 
general correspondence between 
annual rainfall and outflow volumes, 
regression analysis revealed that 
rainfall explained only 4556. and 79% 
of interannual variations in outflow at 
the ADC, D, and B outlets, respectively. 
Outflow from the UD block was not 
significantly related to annual rainfall. 
Notably; the fraction ofannual rainfall 
leaving the UD block as outflow was 
significantly related to rainfall; indicat- 
ing the outflow-rainfall relationship is 
nonlinear As observed at Carteret 7, 
variations in annual outflows for all 
sites (CV-0.22 for ABC, CV=0.22 for I), 
CV-0.27 for B, and C M . 4 3  for UI)) 
were greater than variations in annual 
precipitation (CV=0. 12 for ABC and B, 
CV=0.8 for D, aid CV-0.13 for OD). 

A comparison of ouiflow volumes 
from the fou; monitored outlets 
indicates significantly lower values 
(pi0.02) fix blocks B and UD than at 
the watershed outlets (Tables 3.3 and 
3.4). Mean outflovj rates for the study 
period were 424 and 384 ni~idyr for the 
ADC and D outlets, respectively, 
cornpared with valuesof327 2nd 104 
mrnlyr. respectivcl!; for blocks B arld 

Summer Quarter 

Q P Q/P 
mm mm % -- 

59 545 1 1  
137 683 20% 
0 433 056 
&1 594 14% 
115 597 19% 
0 291 0 
0 413 044 
6 292 2% 

50 481 8% 
57 146 9% 

1.13 0.30 1.06 

FaN Quarter 

Q P Q/P 
mm mm % 

0 179 0% 
308 429 72% 
6 262 2% 

107 319 34% 
139 316 44% 
124 516 24% 
96 427 22% 
88 284 31% 

109 342 29% 
95 109 23% 

0.88 0.32 0.80 



Table 3.3. Isaac Creek watershed hydrology - managed blocks. Quarterly and annual outflow (Q) and 
precipitation (P) are shown for 1986 to 1995. For years in  which outflow was affected by timber hawests, 
values are underlined and not used in  calculations. 

BlockNear 
-- 

Block B 
1986 
1987 
1988 
1989 
1990 
1991 
rn 
1993 
1994 
1995 

Average 
Sfd Dev 

CV 

ABC Outlet 
rn 
1987 
1988 
1989 
1990 
m 
m 
1993 
1994 
1995 

Average 
Sid Dev 

CV 

D Outlet 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

A~erage  

Sid Dev 
CV 

Winter Quarter Spring Quarter 1 Summer Q u a r t e L  Fan Quarter Annual Totals 

Q P Q/P 
mm mm % 



UD. Examining the seasonal distribu- 
tions of outflow reveals that during the 
winter period a larger fraction of rainfall 
flows from the ABC and 1) watershed 
outlets thsrl from blocks B and UD. 
Data in the comparison were normalized 
to annual rainfall (outflow!rainfall) 
before seasonal values were calculated 
to remove variations in outflow data 
due to diff%rences in rainfall among 
years. All locations showed a consis- 
tent seasonal pattern, with relative 
outflow being significantly higher 
during winter months (p<O.O5) than in 
other seasons and lowest during the 
summer. Outflow for the ABC and D 
watershed outlets during winter was 54 
to 55% of rainfall compared with only 28 
to 36% for blocks R and UD. As 
observed at Carteret 7, variations in 
winter outflows for all sites were less 
than variations in spring, summer, arrd 
fall outflows. 

A factor contributing to the differ- 
ence between the two watersheds (ABC 
and D) and the two blocks (B and UD) 
is the lower hydraulic conductivity of 
the soil in blocks B and UD. The 

heterogeneous mineral and organic 
soils of blocks C and D had higher 
conductivities than organic mucks for 
blocks H and 111) alorrg the platearr of 
the interstream divide (Amatya et al., 
1997). This difference in soil conductiv- 
ity between the organic flat and the 
downslope blocks implies tlrat more 
water woutld be retained on the organic 
flat blocks due to slower drainage in the 
winter dormancy period. The absence 
of drainage ditches in the UD block 
would also contribute to the fact that 
the lowest outflow occurs from this 
block. 

Jones County 

Annual rainfall for the Jones County 
study, located west of the Suffolk 
Scarp, varied from 1,227 d y r  in I982 
to 1,407 mmiyr in 1983 (Table 3.5). The 
mean annual rainfall for the three-year 
period (1,289 mm) was less than the 
long-term average at New Bern, N.C. 
(I ,360 mm) ('rable 3.1 ). Rainfall during 
summer months (40 1 ~imr) was only 
slightly higher than in the winter 

nronthsi378 mni). The mean value for 
the spring \%,as 3 12 mm. and the mean 
value for the fall was 195 oim. Rainfall 
was above ~iormal for the winter and 
below rron~ral for the sunl~ner and fall 
compared with long-term records from 
New 13em (Table 3.1 ). 

Outflows from the J2 and J3 blocks 
of managed young lohlolly pine stands 
on ditched mineral soils in the 
Weyerhaeuser Jorres 5 Tract were very 
similar in amount and seasonal distribu- 
tion (Table3.5). Outflow fion: J I was 
only monitored for a portion of the 
study period. so it is not included in 
this summary Outflow fro111 the J2 and 
13 blocks averaged 475 mrniyr for the 
three years with complete data (1982 to 
1984), which accounted for approxi- 
mately 37% of total rainfall. Annual 
hydrologic response varied from 3 1% in 
1984 (outflow = 38 1 mm) to 4 1 % in 1983 
(average outflow = 572 mm). Variations 
in a~mual outflows for both sites 
(CV-0.20) were greater than variations 
it1 annual precipitation (CV=0.08). 

Outflow was highest during the 
winter, when trees are donnant and 

Table 3.4. Isaac Creek hydrology - block UD. Quarterly and annual outflow (Q) and precipitation (P) are 
shown for 1986 to 1995. Values between 1991 summer quarter and 1992 winter quarter were affected 
by a lower weir setting. They are underlined and not used in calculations. 

Year 

1986 
1987 
1988 
1989 
1990 

Winter Quarter 

Q P Q/P 
mm mm % 

19 166 11% 
109 308 35% 
141 314 45% 
48 325 15% 
46 236 20% 

Spring Quarter 

Q P WP 
mm mm % 

0 167 0% 
19 207 9% 
24 287 9% 
63 323 19% 
38 227 17% 

-. 

Summer Quarter 

Q P WP 
mm mm % 

136 508 27% 
22 482 5% 
83 498 17% 
71 569 12% 
22 339 6% 

FaN Quarter - 

Q P Q/P 
mm mm % 

pp 

4 224 2% 
0 177 0% 
0 155 0% 

141 329 43% 
10 236 4% 

- 

Annual Tofab 

Q P Q/P 
mm mm % 

1M1 1,065 15% 
150 1,175 13% 
249 1,255 20% 
323 1,546 21% 
116 1,038 11% 



Table 3.5. Jones County hydrology - 52 and 13 blocks. Quarterly and annual outflow (9)  and 
orecioitation (PI are shownfor 1981 to 1984. 

BIocklYear 
-. - 
12 Block 
1981 
1982 
1983 
1 984 

Average 
Std Dev 
CV 

53 Block 
1981 
1982 
1983 
1984 

Average 
Std Dev 
CV 

~- .~. 

I Winter Quarter 1 Spring Quarter Summer ~ u a r t e r  1 Fall Quarter 
C ~ L_~. . ~~ 

-~-. ~ .~~~~~ ...-- ~ . . ~  . .~ ~ ~ 

Is 

/ Q P Q/PI Q 
/ mm mm % I mm 

, -1.. - .- 
1 i 

evapolrarlspiration is reduced (Table 3. I). 
Outflow for the winter quarters in the 
study averaged 296 mm, which ac- 
counted for 78% ofwinter rainfall (378 
mm) (Table 3.5). Meanoutflows for 
other quarters were markedly less at: 
I02 mm (spring); 50 mm (summer); and 
61 mm (fall). The minunum quarterly 
outflow that occurred during the 
summer contrasts with the maximum 
seasonal rainfall (40 1 mm), which also 
occurred in the summer. These contrast- 
ing patterns illustrate the relatively high 
evapotranspiration losses from man- 
aged forests even during the early 
rotational period for loblolly pine. 
Variability of outflow &on1 both 52 and 
13 was least during the winter quarter 
(CV-0.27) compared to the spring 
(CV=0.66), snmmer(CV=l.33), and fall 
(CV-1.57). 

Tyrrell County 

Annual rainfall for three urideveloped 
sites inTyrrell Connty,N.C.; located 
east of the Suffolk Scarp. averaged 
1,222, 1,2 16, and 1,182 mm, respectively, 

forTI02,T104, andTI07 (Table 3.6). 
These rainfall averages, over a three- 
year period from 1976 to 1979, were 
somewhat less than the long-term 
average for Plymouth, N.C. (1,295 mm) 
('Fable 3.1). Annual rainfall ranged from 
975 n ~ d y  at one site in 1976 to 1977 to 
a high of 1,580 m m i ) ~  at another site in 
1977 to 1978. Forthis study, a year went 
fronl summer through the following 
spring (Table 3.6). The TI02 site 
(natural forest on ditched mineral soil) 
had the lowest average annual outflow 
(408 mm), white average annual outflow 
for TI07 (natural forest on ditched 
shallow organic soil) and TI04 (natural 
forest on uuditched deep organic soil) 
was 553 and 538 mm. respectively. 
Annual outflow ranged %om 257 mm to 
904 mm. M e n  annual outflow for each 
site is compared with rainfall for the 
three complete years of the study, 
outflows accounted for 26 to 5804 of 
annual raif~fall, with higher hydrological 
response values observed in 1977 to 
1978 at all three sites. Variations in 
annual outflows for all sites (CV-0.40 

for Tl02. CVr0.47 for TLM, and 
CV-4.55 for T107)were greater than 
variations in annual precipitation 
(CV-0.19forT102,CV==0.26 forT104, 
andCV-4.28 forT107). 

Seasonal outflow was highest during 
the winter and lowest during the 
summer (Table 3.6). For the three sites, 
average quarterly outflow ranged from 
22 1 to 274 mm during winter months, 
accounting for 78 to 95'6 of the winter 
rainfall and almost half of the annual 
outflow. in contrast, summer outflow 
ranged from 29 to 68 mm at the sites, 
accounting for only 8 to 19% of rainfall. 
As observed in the other studies, the 
variability of outflow %om all three sites 
was less in the winter than in the 
spring, summer, and fall. 

Comparing outflow data for the three 
sites, the mean w u a l  hydrologic 
response froill the two organic soils 
(TI04 and T107) was higher at 43 to 
45% than the mean annual hydrologic 
response of 33?,6 for the mineral soil 
(T102)(Table 5.6). Skaggset a]. (1980) 
attributed the seasonal lowering of tile 



water table at each site mainly to 
evapotranspiration rather than suhsur- 
face drainage. Greater transpiration by 
the pine overstory at the mii~eral site 
than by the low shrubs at the organic 
sites may account for tile low-cr average 
outflow from the mineral soil site as 
compared with the organic sites. The 
hydrologic responses for the organic 
soil sites were much higher than those 
reported for other sites. Since the 
%'ere submerged at the sites during 
some periods of high rainfall, some of 
the estimated flow may have been too 
high. 

Washington County 

Annual raincall for the Washington 
County study, located east of the 
Suffolk Scarp, vdried from 1,118 m j ~  
in 1993 to 1994to a high of 1,320 mnuy 
in 1994 to 1995 (Table 3.7). Forthis 
study, a year went from summer 
through the follo\ving spring. The mean 
annual rainfall for the three-year period 
(1,218 mm) was somewhat less than the 
long-term average at Plymouth, N.C. 
(I ,295 t m )  (Table 3. I). Rainfall during 
summer months (370 mm) was only 
slightly higher than for the winter 
months (349 mm) (Table 3.7). Mean 

rainfall was 344 nun tbr the spring 
months and 244 mm for the fall. Average 
rainfall amounts were above normal for 
the winter and below normal for the 
summer. 

Average annual outflow was ver). 
low for the Washington County site (a 
riatt~ml hardwood forest on urtditched 
mineral soil), with annual values 
ranging &om 94 mm to 269 mm (Table 
3.7). Outflow was highest during winter 
months and extremely low during the 
fall. Duringthe winter quarter. average 
outfiow kva.. 153 mm for 1994 to 1996, 
accottnting for 46% of the average 
winter precipitation, and hydrologic 

/ Q  P W Q  P Q P W P Q  P W P  / Q P WP 
SiteandYear mm mm % mm mm % mm mm % mm mm % mm mm % 

Table 3.6. Tyrrell County hydrology - natural blocks. Quarterly and annual outflow (Q) and precipitation 
(P) are shown for 1976 to 1979. Soils types are: (7102) mineral; (T104) deep organic; and (T107) shallow 
organic. 

T102 Block 
1976 
1977 
1978 
1979 

Average 
Std Dev 
CV -- 

TI 04 Block 

Winter Quarter 

Average 
Std Dev 
CV 

Spring Quarter 1 Summer Quarter I Fall Quarter I Annual Totals* 

TI07 Block 
1976 
1977 
1978 
1979 

Average 
Std Dev 
a 

* Annual totals ore for the summer quorierthrough the following spring. 

274 283 95% 
113 76 19% 
0.41 0.27 0.20 

99 301 30% 
79 74 19% 
0.80 0.25 0.64 

55 314 14% 124 284 35% 553 1,182 45% 
53 136 

- 

13% 1 136 147 31% 1 306 326 12% 
0.97 0.43 0.96 1.09 0.52 0.89 0.55 0.28 0.27 

- 



Table 3.7. Washington County wetland site hydrology. Quarterly and annual outflow (Q) and 
vrecivitation IP) are shown for 1993 to 1996. 

Year 

1993 
1994 
1995 
1996 

. . 
Winter Quarter 
-. 

Q P V P  
m m m %  

Spring Quarter 
- 
Summer Quarter Fall Quarter / Annual Totals* 

- 
Q P V P  

m m m  % -- 
94 1,118 8% 
252 1,320 1909 
269 1.214 22% 

Annual totals are for ihe summer quorterthrough the following spring. 

Average 
Std Dev 
CV 

response values for individual years 
ranged from 20 to 64%. Outflow during 
the fall quarter was extremely low in all 
years (1  to 3 mm), despite 197 to 289 mm 
of rain. Outflow in spring and summer 
quarters varied considerably among 
years and averaged I I% and 9?4, 
respectively, ofrainfall. Outflow in 
spring and summer during individual 
years ranged from I7 to 55 mm and froin 
0 to 142 nun, respectively, with the 
highest outflow in 1996 for both 
seasons. Maximum stlnlmer outflow 
during 1996 was associated withvery 
high summer rains associated with 
tropical storms (640 mm). Variability of 
outflow from the site was least during 
the winter quarter (CV=0.45) cornpared 
to the spring(CV=0.52), summer 
(CV=I.47), andfall (CV=I. 15). 

Parker Tract 

153 349 46% 
69 41 23% 

045 012 051 

Annual rainfall measured at the primary 
rain gauge (R6) on the Parker Tract 
study site (located east of the Suffolk 
Scarp) varied from 955 mmlyr in 1997 to 
1,410 m m y i n  I996 (Table 3.8). The 
mean annual rainfall value for the three- 
year period (l,2 14 nini) \\-as somewhat 
less than the long-term average at 
Plymouth, N.C. (1,295 mm) (Table3.1). 
Rainfall during sunimer months ranged 
frolii 2 18 mm in 1998 to 561 mm in 1996 
and was, on a\.crage, higher (346 mm) 
than for the winter months (322 mni) 
(Table 3 .8 ) .  blain rainfill was 257 nim 

for the spring months and 290 mtn for 
the fall months. Average quarterly 
rainfall amounts were above nonnal for 
the fall, below nonnal for the sumrner 
and spring, and near nornlal for the 
winter. 

Outflow rates measured at blocks F4, 
F5, and F7 were much lower than 
expected, leading to the discovery of a 
significant seepage loss across the 
southern boundary of the Parker Tract. 
A road along this boundary separates 
the Parker Tract from a large canal that 
drains the adjacent agricultural area. 
This road was constructed by piling the 
spoil from the ditches and canals onto 
the highly organic soil and the remains 
of trees on or in the soil. The logs and 
branches of these trees provided 
conduits under the road, resulting in 
large seepage losses from the forested 
blocks to the adjacent drainage canal; 
consequently, outflow from blocks F4, 
F5, and F7 is not considered in this 
report. To remedy this situation, a deep 
trench was dug alolig the road in 1999 
and backfilled with mineral soil. 

The S4 watershed included a mixture 
of forested blocks, some with mostly 
managed stands and about one third of 
the area with natural stands. These 
blocks were tnostly on ditched organic 
soils wit11 ahout otie third of tlie area on 
ditched mineral soils. Annual outflow 
for this watershed averaged 302 mm and 
moged from 145 to478 mm(Table3.X). 

37 344 1 1 %  
19 71 7% 

052 021 065 

Outflow from the site was highest 
during winter months and lowest during 
the spring and summer. During the 
winter quarter. average outflow was 161 
mm, accounting for 50% of the average 
winter precipitation, and hydrologic 
response values for individual years 
ranged from 40 to 57%. Average 
hydrologic response was 15% for 
spril~g, 7% for sunimer, and 21% for fall. 
Variabilit), ofoutflow from the site was 
lower during the winter (CV-0.43) and 
spring (CV-0.26) than for the summer 
((3-1.73) and fall(CV=I 64). 

Outflow from blocks F3 (managed 
forest on ditched mineral soil) and F6 
(managed forest on ditched organic 
soil) was similar for the fall and winter 
months, hut differed in the spring and 
sununer nlonths (Table 3.8). Outflow 
from F6 was higher than outflow from 
F3 during the spring and sumrner 
months due to the younger age of tlie 
trees on F6. They were planted in 1992, 
while the trees in F3 were plattted in 
1983. Evapotranspiration was less from 
the younger treesduri~ig the high I'ET 
months of spring and summer. Outflows 
from blocks F3 and F6 were higlier than 
for S4 during the higher flow and lower 
PET fall and winter quarters. This 
indicates that the seepage across the 
southern boundary also may have 
reduced the outflow from 

46 370 9% 
67 203 1 1 %  

147 055 124 

1 244 1 %  1205 1,218 17% 
2 46 1 %  97 101 7% 

115 019 101 047 008 044 



Table 3.8. Parker Tract hydrology - managed forest blocks. Quarterly and annual outflow (Q) and 
precipitation (P) are shown for 1996 to 1998. Soils types are: (F3) mineral; (F6) organic; (54) mixed soils. 
Precipitation measurements were from R6 for F6 and 54, and from R1 for F3 (see Figure 2.7). 

Annual Totals 

267 368 72% 302 1,262 24% 

379 
Std Dev 14% 159 4% 
CV 

F6 Block 
1996 
1997 

54 Outlet 
1996 
1997 

Van Swamp and 
Pungo Lake 

Annual rainfall for the Van Swamp 
study, located east of the SuEolk Scarp, 
varieditom 1,020mm'qr in l986to 1,566 
mm'yr in 1979 (Table3.9). The mean 
annual rainfall value for this period 
(1,296 mm) was nearly the same as the 
long-term average at Plymouth, N.C. 
(1,295 mm)(Table 3.1). Rainfall was 
hi&est for the summer months (361 
mum) and lowest during t l~e  fall (250 m n ~ )  
(Fable 3.9). Mean rainfall was 332 mm 
for the spring months and 350 mm for 
the winter months. Average quarterly 
rainfall amounts were below normal for 
tire summer, above normal for the winter 
and springg, and nonnal for the fall. 

165 218 76% 

Average 
Std Dev 
CV 

Annual rainfall during the study of 
the I'ungo Lake site, also located east 
ofthe Suffolk Scarp, varied from 1,068 
mmiyr in 1977 to 1,566 mmnlyr in I979 
(Table 3.10). The mean annual rainfall 
value for the three-year period (1,336 
mm) was slightly higher than the long- 
term average at Plynouth, N.C. (1,295 
mm) (Table 3.1). Rainfall was highest in 
the spring n1ontlts (408 mm). Rainfall 
during summer months (358 mm) was 
higher than in the winter morrths (306 
mm). Average quarierly rainfall amounts 
were below nonnal for the winter and 
the summer, and above normal for the 
spring and fall. 

Annual outflow for the Van Suamp 
watershed averaged 39 I rnln and ranged 

127 320 40% 
114 218 52% 

from 275 to 539 mm (Table 3.9). The Van 
Swamp watershed included amixture of 
forested lands with approximately equal 
areas of managed stands and natural 
stands. The soils u7ere a combination of 
mineral and organic soils. Some were 
ditclied, and some were not. Outflow 
froni the site was highest during winter 
months and lowest during the sulniiler. 
During the winter quarter. avenge 
outflow was 224 mm, accounting for 
62?4 of the average winter precipitation, 
and hydrologic response values for 
individual years ranged from 41 to 84%. 
Seasonal otmtflow varied considerably 
ainongyears. ranging horn 7 to 23 1 nun 
for spring, from 2 to I40 mm for summer, 
and froni 2 to 238 m ~ n  for fall. ifveragc 

79 208 38% 
30 208 1556 

161 322 50% 
70 104 9% 
0.43 0.32 0.18 

43 208 21% 
25 208 12% 

206 541 38% 
0 279 0% 

36 257 15% 
10 84 5% 
0.26 0.33 0.35 

107 541 20% 
0 279 0% 

244 340 72% 
0 249 0% 

36 346 7% 
62 171 11% 
1.73 0.49 1.73 

196 955 20% 

201 340 59% 
5 249 2% 

478 1,410 34% 
145 955 15% 

69 290 21% 
114 47 33% 
1.64 0.16 1.61 

302 1,214 24% 
167 234 9% 
0.55 0.19 0.40 



Table 3.9. Van Swamp hydrology. Quarterly and annual outflow (Q) and precipitation (P) are shown for 
three periods (1 977 to 1979,1985 to 1987, and 1993 to 1995). 

Year 

1977 
1978 
1979 

Average 
Std Dev 
CV 

-- 
Winter Quarter Annual Totals - 

Q P Q/P 

hydrologic response was 26% for 
spring, 8% for summer, and 23% for fall. 
Variability ofoutflow from the site was 
least during the winter quarter 
(CV=0.37) compared to the spring 
(CV-0.77), summer(CV- 1.36). and fall 
(C:V= 1.33). 

Annual outflow for the Pitngo Lake 
site (a natural forest on unditched 
organic soil) averaged483 mm and 
ranged from 3 14 to 571 mm (Table 3.10). 
Outflow from the site was highest 
during winter months and loivest during 
the summer. During the winter quarter, 
average outflow was 227 mm, account- 
ing for 82% of the average winter 

precipitation, and hydrologic response 
values for ii~dividual years ranged from 
48 to 104%. Outflow in spring and fall 
varied considerably among years, 
ranging from 38 to 228 mm for spring 
and from 2 to 19 1 mm for fall. Average 
hydrologic response was 38% for 
spring and 19% for fall. Outflow was 
very low for the summer months, 
averaging 13 mm, since rainfall for all of 
the summer periods was below average. 
Variability of outflow from the site was 
least during the winter quarter 
(CV-0.44) compared to the spring 
(CV=0.63), summer (CV=0.82), and fall 
(CV-1.61). 

Summary of Hydrology 

The field studies summarized in this 
report varied in duration and were 
conducted over different periods of 
tinie from 1976 to 2000. One confound- 
ing factor in comparing the data is 
differing weather patterns. While some 
interannual variation exists across the 
regional study area in long-term annual 
rainfall (13 to 17%) and PET (6 to 8%), 
interannual variations on a quarterly 
basis are larger at 26 to 38% and 9 to 
29%, respectively (see Table 3.1). That 
is, extended wet periods and extended 
dry periods usually occur over 2 to 3 

Average 1 227 306 82% / 146 408 38% / 13 358 4% / 56 309 19% 1 483 1,336 38% 
Std Dev 101 149 30% 9.1 138 78% 1 1  34 2% 90 I?? 3.19 147 251 17% 

Table 3.10. Pungo Lake hydrology. Quarterly and annual oviflow (Q) and precipitation (P) are shown for 
1976 to 1979. 

Year 

Winter Quarter 

Q P Q/P 
mm mm % 

Summer Quarter 

Q P Q/P 
mm mm % 

Spring Quarter 

Q P Q P  
mm mm % 

FaN Quarter 

Q P W P . Q  
mm mm % 

- 

Annual Totals 

P Q/P 
mm mm % 



months, wl~ile weather patterns 
averaged over a 12-!nonth period are 
less variable. Because of these year-to- 
year variations in seasonal weather 
patterns, accurately characterizing 
seasonal variations in outfloiv volumes 
and nutrient export amounts requires 
monitoring of forest outflow over a 
decade or longer rather than a few 
years. While some of the studies 
reported here nearly approach tllat 
length, most field studies are usually 
limited to three or four years. Seasonal 
oatterns derived from the studies 

Sm - 

sm - 

4m - - 
E - 
b 3 3 -  

conducted over a few years are best 
interpreted in the context of weather 

Irn - 

0 - 

winter Spring sumom FS lulnudl 

I 

1 I 

patterns observed during the study, 
which may not reflect long-term average Figure 3.2. Distribution of mean seasonal and annual hydrologic 
conditions. response for all sites. The box and wisker plots show values for 1 Oth, 

The outflow and hydrologic re- 25th. 50th, 75th, and 90th percentile rankings. 
sponse data showed a consistent 
seasonal pattern across sites (Table aquifers was another possible water variation in measured annual outflows. 
3.11 and Figs. 3. I and 3.2). For all ofthe loss; however, deep seepage lias been Outflow from the sites was therefore 
sites studied, the season with the estimated to he less than 12 nun in the mostly dependent on the amounts and 
highest outflow and hydrologic Albemarle-Pamlicoregion (Heath, 1975). variations of the rainfall and ET(Tah1e 
response was winter (Table 3.1 I). The which is negligible compared to other 3. I). Indeed, the media11 of mean annual 
forest sites reviewed in this study losses. Another possible source of loss hydrologic response among the sites 
essentially acted as reservoirs, with is lateral seepage to adjacent drained was 3 1% with an interquartile range of 
rainfall as the only input and ET and areas, which was usually not quantified 26 to 35% (Fig. 3.2), which is consistent 
outflow as the predominant water and could account for some of the with the annual average ratio of excess 
losses. Vertical seepage to underlying water (P-PET) to rainfall (F) for the 

regional weather stations (Table 3.1). 
Long-term estimates of excess water 
derived 6om regional weather station 
data ranged from29OA at New Bern to 
30% at Morehead City and Plymouth. 
For most of the forested conditions 
reviewed in this report we can assume 
that actual ET is nearly equal to PET 

Deviations 60111 regioiialiy averaged 
ET and the assumption of negligible 
seepage may explain much of the 
variation in annual outflows and 
hydrologic rEsponse. Sites that had 
higher values for mean annual hydro- 
logic response (43% for T 104 and 45% 
for T107) had scrubby vegetatioil and 
reduced ET. Sites that had Iowcr values 
for hydrologic response (24% for S4, 

Figure 3.1. Distribution of mean seasonal and annual outflow for all I jo?6 for UD_ and 17% for Wl)  had 

sites. The box and wisker plots show values for 1 Oth, 25th, 50th, possible lateral seepage losses or lower 

75th, and 90th percentile rankings. 

Wtnfer SPOn-3 Smw Fall Annual 



Hydrologic Response 

Carterei 7 
Isaac Creek 
lsaac Creek 
lsaac Creek 
lsaac Creek 
Jones County 
Tyrrell County 
Tyrrell County 19% 28% 43% 
Tyrrell County 1491, 35% 45% 
Washington Coun 9% 1% 17% 
Parker Tract 2% 29% 26% 
Porker Tract 13% 24% 33% 

Table 3.1 1. Mean seasonal and annual outflow and hydrologic 
response by site. 

. - - - - - 

Porker Tract 1 5% 7% 21% 24% 
Von Swamp 62% 26% 8% 23% 30°t 
Pungo Lake 38% 4% 1 %  38% 

-- 

Study Block / 
Site 
- 

Outlet 

rainfall amounts during the study 
period. Individual sites with low or high 
values for annital hydrologic response 
typically had lo\?, or high values, 
respectively. for individual seasons 
(Table3.l I). 

Seasonal variations in outflow fi-om 
the sites logically follorved the seasonal 
variations iii rainfall and PET observed 
at the nearby weather stations (Table 3.1). 
Most of the outflow occurred during 

Winter Spring Summer Fall Annual 
-- 

the rvinter n~onths at all sites Ilkhle 
3.1 1; Fig. 3.3) when PET was lo\vand 
excess water was highest ( 'kble 3.1 I). 
At least 75 ninl of outflow occurred for 
evesy winter quarter at evesy site, and 
outflow exceeded 208 inm Tor half ofthc 
83 winter quarters studied (Table 3.12). 
Outflow occitrred in 86 out of90 spring 
quarters aggregated across sites (Fig. 
1 3 )  despite average spring I'f'f 
exceeding rainfall by about 30 mrn 
(Table 3. I ) .  This relatively consistent 
occunelice ofspring outflow was due 
to the consistently wet conditions from 
the winter before. Spring outflow was 
less than winter outfloxr; with over half 
of the spring quarters resulting in less 
than 58 mrn of outflow ('&hie 3.12) and 
only four spring quaners resulting in 
greater than 2 I0 mm of outflow. Oiltflow 
at the beginning oftlie summer quarter 
was typically low due to frequent low 
outflow in late spring and high ET No 
outflow occuned for 25% of the summer 
quarters; however, high rainfill in other 
summer quarters, associated with 
convective and tropical storms, 
produced more than 250 mm of outflow 
in three summer quarters (Fig. 3.3). The 
effi.ct of this year-to-year variation in 
summer rainfall carried over into the fall 
quarter, with no outflow in 17% of fall 
quarters and more tllan 250 mm of 
outflow in five others (Fig. 3.3). Since 
ET was low for tlre fall quarters and 
rainfall always exceeded lii(Table 3. I). 
soil water recharge had itsually oc- 
curred by the end of the fall quarter. A 

Mean Outflow (mm) ' 
Caileret 7 54 50 109 462 
Isaac Creek 47 79 327 
Isaac Creek 65 75 110 424 
Isaac Creek 52 &S 74 384 
Isaac Creek 23 40 36 194 
Jones County J 2 U 3  102 50 60 475 
Tyrrell County 108 29 51 408 
Tyrrell County 146 68 102 538 
Tyrrell County 99 55 124 553 
IVashington County WI 37 46 1 205 
Parker Tract 30 12 81 277 
Parker Traci 61 363 
Parker Tract 36 3 M  
Van Swamp 96 32 61 391 
Pungo Lake 146 13 56 483 

Table 3.12. Distribution of total quarterly outflow volumes for site 
years (see Fig. 3.3). Values are based on all available site years 
(winter, N=84; spring, M=90; summer, N=9l; and fall, N=90). 

-- - 
Percent of site years Winter Spring .Summer Fall 
- --- 

Quarterly OutflowVolume (mm) 

10th Percentile 
25th Percentile 
Median 
75th Percentile 
90th Percentile 



Spring i ... .- _ L .  . . .~ .. ~ ~~~~ 1 .  . . ~ - ~  ~ ... 

relatively high water table and wet soil 
nioisture conditions existed at tile 
beginning of the x-inter quarters. 
resulting in high hydrologic response 
to winter precipitation. 

Differences in seasotial and annual 
outflow were not distinguishable thr the 
different site characteristics except 
where smaller vegetation reduced ET, 
resulting in more outflow. While 
differences due to loost changes in site 
characteristics could not be distin- 

Summer 
.---- ~. . i ~  ~ . ;  

I I i e l  

0% 20% 40% 60% 80% 100% 

Percent of Site Years 

guished, some general statements 
about seasonal and annual outflow 
from forested lands in easteni North 
Carolina can he made based on these 
studies. On average, about 30% of 
a~inual rainfall will drain from forested 
sites (Fig. 3.2). Most of this outflow will 
occur in the winter quarter when about 
40 to 80% of winter rainfall flows to 
headwater streams. This winter outflow 
period will occur with only moderate 
variation arnong years. High outflows 
may also occur during spring, summer. 
and fall seasons in sonle years, but 
average values across years are rnucli 
lower than in the winter period. In fact, 
summer and fall seasons for many site 
years had extre~rlely low outflow 
(Fig. 3.3). Tbe high variability in summer 
and fall outflow is due to infrequent 
large tropical storms that affect outflow 
in some years. 

I I 
Figure 3.3. Distribution of total quarterly outflow volumes ranked in 
ascending order for all site years. Plots include data from all site 
years [winter, N=84; spring, N=90; summer, N=9l; and fall, N=90). 



SECTION 4 - NUTRIENT CONCENTRATIONS 

The nutrient data suinmarized in this 
chapter and used in the rest of this 
report are from field studies of varying 
sampling intensities. Results from two 
types of studies are reported: results 
froni high-frequency sampling studies 
(Carteret 7, Parker Tract, Washington 
County, Jones County, and Tyrrell 
County) and results from monitoring 
shldies (Isaac Creek, Van Swamp, 
Pungo Lake, CroatadCraven 40, Open 
Grounds Farm, and the multi-tract 
study). Water quality sampling oc- 
curred at least once a week For the high- 
frequency studies: some ofthe samples 
were collected as flow-proportional 
composite samples or as grab samples 
during high-flow events. Sampling for 
the monitoring studies occurred at 
biweekly to rnonthly intervals. 

Concentrations of nutrients in 
outflow from any watershedvary with 
time; The variability of a constituent 
can be affected by the size of a water- 
shed, the flashiness of a watershed, the 
type of constituent, and the processes 
involved in transport and transforma- 
tion of the constituent (Richards and 
flollowaq; 1987). Variability generally 
increases with decreasing watershed 
size and with increasing flashiness. 
Since nutrient conceritrations are 
variable, the accuracy of quantieing 
nutrient characteristics from a finite 
number of sanlples depends on the 
frequency of sample collection. Studies 
have shown that the accuracy of 
calculating constituent export load from 
a watershed using sampled cuncentra- 
tions declines as sampling becomes 
less frequent than once a week 
(Ricliards and Hollnway, 1987; Preston 
et al., 1989; and Robertson and Roerish, 
1999). Nt~trierit concentrations and 
export values reported for tlie high- 
frequency sal~ipling sites reported Bcre, 

therefore, can be considered accurate. 
U'hile nutrient concentration and export 
values reported for the Less frequently 
sampled ~nonitoring studies are 
possibly less accurate, they can still he 
used to support the trends observed in 
the high-frequency sampling studies. 

Carteret Countv - Carteret 7 

Mean nutrient concentrations in 
outflow h m  the Dl block (managed 
forest on ditched mineral soil) varied 
seasonally (1Bhle4.1). Dissolved 
inorganic N (DIN, NO,-N + NH,-N) was 
highest at 0.61 mg/L during the winter 
and spring quarters when most of the 
annual outflow froni the site occurs, 
with NO,-N accounting for more than 
95% of DIN. In contrast, organic N 
(Org-N, TKN less NH,-N) was highest 
during the suminer and fallat 0.56 and 
0.57 mg!L compared with mean seasonal 
concentrations of 0.35 and 0.37 m& 
during the winter and spring. The result 
of these off-setting trends in nitrogen 
concentrations is that TN was relatively 

constant tluooghout the year, with 
meat1 seasonal concentrations ranging 
from 0.96 mg'L in the winter to 1.06 mg' 
1, in the sunlmer. Rased on a simple 
comparison of overall mean conceritra- 
tions for the entire study period, NO,-N 
co~itributed approximately 56% of7N 
while the remainder was contributed by 
organic fractions: Nf I.-N contributed 
less than 1% ofTN. Total P (TP) 
concentration in outflow from Dl 
ranged from 0.013 mgl.  in the surmner 
to 0.064 mg/L in the spring. 

Comparisons of nutrient concentra- 
tions for all three watersheds for the 
pre-treatment calibration period indicate 
mean concentrations of nutrients for Dl 
are not representative of D2 and 0 3 .  
Amatya el al. (1 998) and Smitli(1994) 
evaluated water quality characteristics 
of the three watersheds and concluded 
that there were statistically sigi~ificant 
differences in concentrations of NO,-N, 
TKN, and IN. Mean concentrations of 
NO,-N arid TKN (arid thus TN) for D2 
and D3 were 36 to 75% lower tliau the 

Table 4.1. Mean nutrient concentrations (mg/L) in outflow by 
quarter for the Carteret 7 D l  watershed. 

Site Parameter Sfdsfic Winter S ~ r i n a  Summer Fall . - 
[I 1 N0:N Mcur~ 0.60 0.58 0.48 0 45 

Sld Dev . '0.06 0.18 0 15 (1 17 
C?f 011 0.m 0.31 0.77 ,-,. h.i -N '.?.?",, :' XI? : 3'29 : u 1 7 r. ':: ' 

Std Dev 0.010 0.027 0.003 0.009 
(3 0.21 0.42 0.23 0.28 



Table 4.2. Mean nutrient concentrations (mg/L) in outflow by Carteret County - 
quarter for the lsaac Creek watershed. Data are shown for lsaac Creek 
drainage from managed forest blocks. 

Site Parameter Statistic Winter Snrina Summer Fall 

Std Dev 0.037 0.078 0.071 0.030 

Std Dev 0.032 0.062 0.027 0.059 
b 5 l  '. 65 ? .  . , 

. . . .>h t 
AEC Outlei t.iG.,-N MLYX 0.04 001 0.0% 0.03 

Std I)ev 0 05 001 0.02 0.04 
CV 1.15 OW 1.14 1.33 

A ~ . ; ~ > . T C T  ~ I , I ,  r> .,. . .x...r' , 6 (16 CN 3.1 . '. 3 :I !:8 
Std Dev 0.05 0.05 0.04 0.16 

\ I  - .  - ,'8 1 18 ('8 7 .I, 

ABC Outlet 0it.i Mar+  0.10 0.05 3.07 
<' . 

0 1 ' 
!.h< <> .1lel c, (G '> 1.4?!: IJ 5 b  . I  c: (18 " ' '7 

Mean concentrations of DIN in 
outflows from the three niatlaged forest 
sites were generally l o 4  with NO;-N 
and NH,-N concentrations typically 
less than 0.1 mgl ,  for block B (organic 
soils), block D (mostly mineral soils), 
and the ABC outlet draining a mixture of 
organic and niineral soils (Table 4.2). 
NHJ-N accounted for a majority of DIN 
from blocks B and ABC, 76% and 63?', 
respectively, hut only about 50% of 
DIN from block D. Total N (TN) 
concentration averages at the three 
sites varied hetween0.6 and 0.8 mg'l,, 
with the lowest seasonal values in the 
fall or winter depending on the site. 
Overall, Org-N fractions contributed a 
majority o f ' M  in the outflow from the 
managed pine stands (87 to 90%) and 
was highest during the summer at the D 
and ABC outlets. The mean concentra- 
tion of TP in outflows among years was 
higher for the ABC outlet (0.08 mpiL) 

~ ~ ~ . . 

ABC oulict T ~ ~ ~ I  N Mtni. 0.66 c.56 0.75 0.46 I I I ~ I I I  vO1 I > I , I L A  1% I I ~ . O ~ ~  d t l < ~  ~ I I C  11 c,iil~c.l 

Std Dc/ 0.75 0.13 0.70 0.17 I I I  110 111s I I aIL8ti; 111~. I I , > ~ I I I C ~ I I  ,lopc,. 
0/ 0 38 0.23 0.27 0 35 ~ ~ L . ; I I I  I I I I I ~ I ~ I I I  L C ~ I I L C ~ I I ~ , I I I C ~ I I ;  

ABC Outlet Total P Mean 0.086 0.090 0.064 0.084 among years at the unditched natural 
Std Dev 0.062 0.086 0.021 0.071 
11.~. / I  t ?  V/, . .> 1 0 C )  

D Ouilet NO, N Mean 0U34 0030 0.03'2 0.03' 
Sto DCV 0.040 0 . 6  0.056 0049 
LV 1.18 0.87 1 1 5  I .W 

I I ... i , ~ . .  -.$,: ,,- : I  rnc; . . .  , ,~ ,-, . ,. . (, 
Std Dev 0.036 0.132 0.030 0.013 

Std Dev 0.016 0.087 0.019 0.042 
CV 0.70 1.10 0.30 0.70 

corresponding value for 111 fix the trations at 112 and D3 indicate that the 
same period. 111 these comparisons, average NO,-N and l'KN concentra- 
values were used fbr the period in tions are lorver for the watershed taken 
which nil three watersheds were tinder coilectivelj than those reported in 
conventional drainage (i.e., 1.0 n~ weir Table 3. I 
depth). Observations of lower conceo- 

standon organic soils (UD) had a 
seasonal pattern sirnilar to those 
described above for the managed pine 
stands (1-ahle 4.3). For the two monitor- 
ing periods (1 985 to 1988 and 1995 to 
1996 ), the DIN concentrations varied 
seasonally, with the highest concentra- 
tions occurring in the spring. Overall, 
DIN accounted for 12% of the nitrogen 
in the outflow, with NH,-N accounting 
for ail average of 889,; of DIN. More 
than 80% o f M  occurred as particulate 
and dissolved fractions ofOrg-N. TP 
concentrationSwere approximately 0.04 
to 0.05 oig'L for all seasons, which is 
similar to those from the D outlet. Thus, 
a general comparison of outflow water 
quality for block UD and the managed 
pine stands within the lsaac Creek 
watershed indicate similar characteris- 
tics for hoth settings, with higher mean 
co~icentratio~rs of TN from the 
ilnditciied natural stand on organic 



Table 4.3. Mean nutrient concentrations (mg/L) in outflow by and winter quarters \vlie~-i trees are 
auarter for Block UD at the Isaac Creek study site. t\~pically dormartt. For all seasons, . . 

NtI,-N accounted for a majority of DIN. 
Mean t P  concentrations averaged 
between 0.023 and 0.028 mgll. for the 
fall through spring quarters, hut the 
highest average concentratioti occurred 
duringthe summer (0.043 mg'L). 

Std Dev 0.077 0.201 0.030 0.017 

Tyrrell County 

Mean coricentrations of DIN in outflow 
from the natural blocks sampled in 
Tyrrell County were ge~lcrally low 
among years, particularly in outflow 

1985-88 o a tiom the organic soil silcs (TI04 arid 
Std Dev 0.038 0.043 0.021 0.01 6 T107.7Bble4.5). For thesites on 

organic soils, NO,-N and NH,-N 
concentrations were typically less than 
0. l mu't, compared to 0.05 to 0.41 m g L  
for the mineral soil site (TI02). Since tile 
detection limit (DI.) ofNI.1,-N for that 

Dev 0'020 0.396 0.033 0.024 study was 0. l m g t ,  vs. a Dl, of 0.0 1 

1995-96 DIN 
mg/l. for NO,-N, Ntf4-N concentrations 
reported as less than 0.1 mgiL were 
replaced u~ith a value of0.05 m&fL to 
allow estimation ofrnean values. 
Consequentlq; small differences in 

1995-96 Total P NI~1,-N and DIN concentration from the 

Std Dev 0.008 0.015 0.036 0.023 study should be interpreted cautiousl) 

0/ 0.23 0.46 For the shallow organic soil site (T107), 
~ . .  ...... ~~ ..... . . ~ ~  . NH,-N values above the 111. were not 

available, so a meaningful mean 
soils mainly as Org-N. This suggests season. The overall concentration of concentration could not he calculated. 
that the depth of drainage---shallow Org-N also varied by season, with the Seasonally, TN concentration at the 
from IJD and deeper from tlie managed highest average concerltration occur- three sites varied between 0.9 and 1.8 
forest blocks--- was not a dor~iinant ring in thc summer quarter. Seasonal mg!I., with the exception of a value of 
factor in nutrient concentrations. variation in DEN concerltratio~ls was 0.7 mg!L in outflow from the mineral soil 

ereater than for Org-N but differed in - during winter months. The annual TN 
Jones County - Jones 5 timing; maximum DIN concentrations conce~itrations for these sites were 

(0.22 to 0.27 m@L) occurred duringfall nearly the same, averaging 1.22 mgL. Mean concentration of total N in the 
outflttw from tlie Jones 5 block (man- 

Table 4.4. Mean nutrient concentrations (mg/L) in outflow by quarter 
aged forest on ditched mineral soil) for the Jones 5 study site. Values are the averagedor blocks 52 and 53 
among Fears W ~ S  0.67 rrtg1. on an based on quarterly flow-weighted concenfrafions by block. annual hasis. TN concentrations varied .... ,. - .... . - - . . -  - - 

hetween 0.56 a[id 0.78 among seasons, Site Parameter Statistic Winter 
~ .. . -~ .. ~ . 

with the highest concentratioris J2U3 NO.-N Mean 
occurring in the summer and fall J2U3 NH:N Mean 0.23 0.04 0.08 0.21 
(lable 4.4). Organic N, which averaged j2&13 DIN Mean 0.27 0.05 0.10 0.22 
0.50 ni@'I.. was the doniii~mt form of TN j2&13 org .~  Mean 0.36 0.51 0 62 0 57 
irr  o o t l l o ~  and accounted for 7 1 lo 90% 
of 'IW (average : 78%) depending on 

40 



Table 4.5. Mean nutrient concentrations (mg/L) in outflow by quarter for the Tyrrell County study sites. 
Soil types are: (T102) mineral; (T104) deep organic; and (T107) shallow organic. 
, ~~ ..,. ~ ~ .~ 

Std Dev 0 050 0 050 0 300 0 280 
Di 0 81 1 67 2 33 

11 02 Total P Mean 0.025 0.043 0.066 0.100 
Std Dei 0 031 0041 0 042 0 170 
n/ 1 74 n 91 n ~4 1 70 . . 

l l ill P,c?. % <Iron 6 U',:, 00 6 c.020 Cirji 
51 i)c. OVIU OM3 3 037 C 028 
CV ' b8 I 4.4 85 : . 2  3 . .- - I . !  \. . ' / I  ' 1:<.5 ! c, .. .I 0 ^oY 

Std Dev 0.055 0.160 0.082 0.069 

Std Dev 0.044 0.044 0.170 0.025 

Std Dev 
n/ 

Std Dev 0.073 0.020 0.082 0.01 4 
CV 1.46 0.95 1.04 ' 0.67 

.. .~~ ~~~ 
. ,~~~~ .. .... ~~ .. ~~ . .  

Orgaltic N fractions contributed a seasonal basisl Org-N was highest for Washington County 
majority ofTN at all sites; Org-N the summer season for all sites. TI' 
contributed more than 904'0 ofTN concentrations were similar among Large seasonal variations in tilean R\i 

sites, ranging seasonally froin 0.02 to conccittratioos in outtlow arilolig !%ars concentration at the organic soil sites 
and ahout 80"' at the ~nirleral site. On a (1. I2 11igK.. were ohserbcd at tlic ilali~ral forested 

site on onditchcd mineral soil in 



Table 4.6. Mean nutrient concentrations (mg/L) in outflow by quarter for W1 at the Washington County 
study site. 

Sife Parameter Statistic Winter Spring Summer Fall 

WI NH;N Mean 0.090 0.195 0.269 0.074 
Std Dev 0.062 0.127 0.121 0.073 

Std Dev 0.060 0.065 0.038 0.027 
0/ 1.30 1.03 0.84 1.50 

Table 4.7. Mean nutrient concentrations (mg/L) in outflow by 
quarter for the Parker Tract sfudy sife. The organic content of soils 
increases according to F1 <F3<F8<F6<F5 for managed pine blocks. 
Blocks F4 and F7 hive natural vegetation. 

Site Parameter Statisfk Winter S~rina Summer FaN 

Std Dev 0.049 0.089 0.058 0.045 

i l Mv?eon 0.50 0.62 0 81 0.52 
5id Uev 0.2 0. it3 0.31 0.52 
0/ 0 4 3  0.79 0.35 0.99 

:. 1 7~ ,(;I 1: , , s c , - , , ~  , : I ?  ( . I : ) :  
. . .  

. I /  . . o  
Sfd Dev 0.008 0.01 1 0.006 0.005 

I , /  
, . 

. , : 0 )  :r3 3 .> . .$I 
~ 3 '  NO> N Meun i 2 4  0 Y.5 3 33 ! .69 

Sia llev O W '  ; 23 0 SO 1.3/ 
('4 0.66 ' .30 0.15 0.81 

z 2i' 1 , a  ..a ., . J 1) 3 .- .;:I ' I t  

Std Dev 0.14 0.22 0.35 0.16 

Std Dev 0.01 0 0006 0.000 0.005 
CV 0.50 0.35 0.00 0.33 

Washington County. TN concentra- 
tions during the spring (1.26 nrg,'L) and 
summer (1.52 mg~t.) were higher than 
those for fall and winter (0.79 to 0.82 
rng/L) (Table 4.6). The O e - N  fractions 
account for the majority (72 to 84%) of 
TN during all seasons. Contributions of 
NH,-N and NO;-N to the smaller DIN 
pool, which average about 20% of TN, 
varied by season largely due to 
variations in NH;N concentrations; 
NH,-N accounted for 63 to 96% of DIN 
during the spring and summer months 
compared with 39 to 49OA during fall and 
winter months. Seasonal average TP 
concentrations were relatively constant 
at 0.04 to 0.06 m@'L duringwinter to 
summer but extremely low (0.02 mg,/L) 
during the fall when flow was extremely 
low (see Table 3.7). 

Parker Tract 

The mean TN concentration in outflow 
among years from the different forest 
blocks at the Parker Tract study site 
depended on soil type (Table 4.7). For 
the block with the most rnitieral soils 
(FI), the 'JN concentration in drainage 
water ranged from 0.50 mg'l. to 0.87 mg' 
I ,  depending on season. which is similar 
to values reported for inineral soils in 
other studies reviewed liere. Tlie mean 

-- -- 

(~able cont inudon next page) 
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TN co~icentration in outflow from other Table 4.7. Mean nutrient concentrations (mg/L) in outflow by 
blocks with mineral soils at the site quarter for the Parker Tract study site (continued\. 
increased as the organic content of the 
soils increased (seasonal averages 
ranged from l .I to 2.8 m&'l. for F8 and 
1.6 to 4.7 nigl. for F3). For the organic 
soils at the site, drainage waters lisd 
very high 7'N concentrations; the 
highest seasonal averages occurred in 
drainage from F6 (4.3 to 6.9 mgi2) and 
F5 (5.3 to 12.3 m&). Tltetwo blocks 
with natural vegetation on organic soil 
(F4 and F7) had lower TN concentra- 
tions than tliose from F5 and F6 
(3.3 to 5.6 and 3.5 to 5.3 n i ~ ' L  forF4 and 
F7, respectively), but these concentra- 
tions were three to five times higher 
than 'IN concentrations tion1 otlier 
studies. Mean seasonal TN concentra- 
tions of the water draining to the S4 
outlet from the tract, which drained one- 
third mineral soils and two-tliirds 
organic soils, ranged from 3.7 mgfl, in 
spring to 5.2 mglL in the summer. With 
the exception ofthe F4 and F7 natural 
blocks, the TN concentration in 
drainage from the different study blocks 
was highest during the summer. 

The soil type at the Parker Tract 
study site also affected the distribution 
of the TN between IIIN and Org-N 
fractions (Table 4.7). Mean seasonal 
Org-N concentratio~~s in the drainage 
water were generally less than 1 in& 
for blocks with the mineral soils 
compared with 2.2 to 4.5 mgll, in 
drainage from the organic soil blocks. 
The TN concentration in drainage from 
organic soils did not appear to be 
affected by vegetation type; there was 
a similar range in season averages for 
drainage from blocks with natural 
vegetation and managed pine planta- 
tion. However, mean seasonal DIN 

~p ~-~~ .~~ ~ 

Site Parameter Statistic Winter 

Std Dev 0.125 0.056 0.050 0.067 

" . ". xS cN 0.66 1.06 0.67 0.67 
~@~J&~g&~~j?~g&p~j~&@;gg~;g&jc~~#~;~~$:*~~ , . , . , , * : .  > , . . , ,  . , , ,  qgz-3 :*3 ;$@FT***$@B"*pBa .A*** ,*.:.,as*: 
F8 Org-N Mean 0.45 0.67 1.35 0.59 

F8 Total P Mean 0.016 0.010 0.023 0.01 7 
Std Dev 0.009 0.000 0.W5 0.007 

- z '. ,O .' 1. .'? '. . I ,  

F6 N O ,  N Mco? 2.54 0.70 2 ' 0  3.37 
S-a llov 1 .A4 1.38 29/ 2.53 
CV 0.49 1.98 1.42 : .27 

i t  I lu r:;: .a,, .I ' X L)' p ? .  2 13 
Std Dev 0.23 0.17 0.26 0.10 

. . - - * x - i .  
@I 1.31 0.61 0.85 0.4 1 

>*~***# *>:<p;*s*i,~&n2~J,s@4&~~z~pp4@%$: .-,. 2**r*2.>2:4w~*#:***g&*3x*i 
" ,,*.,., *.. ax&* .. . ,?*%**a , ," >>.*.**$<~Z:.:&~S:~;S + a&&&, ~ ..., -..as2 

F6 Org-N Mean 3.26 3.36 4.50 3.71 

0.055 0.093 0.110 0.119 
Std Dev 0.019 0.023 0.042 0.076 
C '! (. 3 3  .. 7 5 ' 18 3 0-1 

F 5 NO:h IAton ?.W> 3 89 8.80 2 93 
SIJ Cev 2 15 4 28 3. 12 3.11 
(.N 0.87 113 0 58 1.08 

'J P1.1 ' I  I '.??)r, '. 1 1:) ., 28 
Std Dev 0.24 0.29 0.42 0.28 
CV 0.82 1.01 0.54 0.72 

F5 Total P Mean 0.026 0.027 0.020 0.029 
Std Dev 001 1 0015 0000 0018 
n/ n 4 2  n 5 n  P nn n A;. 

- .. , 

Overall, the niean seasonal DIN Std Dev 0.1 1 0.49 0.49 0.15 
concentrations in the drainage water 
increased as the organic matter in the 
soils increased. For exaniplc. the IIIN 



Table 4.7. Mean nutrient concentrations (mg/L) in outflow by They were highest at 0.14 to 0.77 II&L 

quarter for the Parker Tract study site (continued). for orglrnic soils with either nine 
plantatioll or natural vegetation. 

Mean seasonal TP concei~trations at 
the Parker Tract were also affected by 
soil type (Tahle 4.7). The lowest TP 

Std Dev 2.22 1.26 1.79 2.20 concentrations occurred in water 
draining from the niineral soils at 0.010 
to0.023 mg'L for FI, F?, and JY8. Ti' 
concentrations in outflow from the 
organic soils were generally higher. but 
nlcan seasonal concentrations were 

Std Dev 1.02 N / A  N!A 1.25 
CV 1.31 N i A  NIA  1.19 

more variable at 0.02 to 0. I8 ing'1,. 

t 4 t.,b$ r l  Meon 0 68 0 14 9.70 C1.38 
5td r:'?" U 73 h, 4 '4 r 4  : 19 Van Swamp and 
(.V ! G 3  ' 4  A 1y.A 0.5'1 Pungo Lake 

Std Dev 2.34 N!A N/A 0.54 

Std Dev 1.21 0.67 0.07 1.02 
Oi 1.45 0.38 0.47 1.91 

Std Dev 1.23 0.20 0.42 0.91 
Oi 0.32 0.04 0.12 0.20 

concentration increased from 0.14 to 
0.28 m g L  for FI (niostly mineral) to 1.2 
to 3.9 m&'l. for F3 (mirieral with more 
organic content). 

For ail monitoring locations in the 
Parker Tract study site, the majority of 
the DIN was iii t l~e  form of NO;N 
(Table 4.7). 'The seasonal average NO;. 
N cor~centrations were lo\r.est for the 
rnineral soil (0.07 to0.2 mg!I.)and 
highest for tlic orgariic soil \vitli 
managed pine plantation (F5 and Fb), 

ranging from 0.7 to 8.8 rng-1.. 'he NO3-N 
concentration in drainage from the 
mineral soils at the Parker Tract with 
high organic coiltent were intermediate 
at 1.0 to 3.4 mg/L, while average 
concentrations for organic soil with 
natural vegetation were solnewhat 
lowerat0.15 to 1.7 in&'!,. Siinilar to 
Org-N. tlic NN,-N concentrations 
increased wit11 organic content for the 
nlincral soil hlocks fionr 0.03 to 0.08 nl&! 
I.. for Fl to 0.1 8 to 0.43 m&'L f(>r l:i. 

The Van Swamp watershed included a 
mixture of forested lands with both 
managed stands and unditched natural 
stands. Mean nitrogcil coocentrations 
in drainage water froin Van Swamp 
among years generally reflected the 
comhination of organic and mineral 
soils. Mean seasonal 'l'N concentra- 
tions ranged from I .4 to 2.2 inglI,. with 
the highest concentrations occurring 
during the su~nii~er (Tablc4.8). For all 
seasons, TN was fairly evenly distrih- 
uted between DIN and 0%-N. Ammo- 
nium concentrations, with seasonal 
means from 0.07 to 0.71 mdL, were also 
higher than in many other studies, 
reflecting the or~anic  soils. The NH,-N 
fraction comprised the majority (6 1 to 
65%) ofthe DIN in the spring and 
summer quarters but only 6Y6 in the 
winter when the NO,-N concentration 
was highest at 1. I m&'L. For other 
seasons, the mean NO,-fi concentration 
wasrelativelpconstant at 0.24 to 0.39 
mglL. The inean TP concentration, 
similar to Nt$-N and Org-N, was 
highest during the sununer quarter 
(0.074 mgL) compared with mean 
concentrations of0.024 to 0.03 1 mg'L 
ior the fall krokigh spring quarters. 

Mean nutrient concentratioris in 
drainage from the Pungo Lake study 
site (natural forest on unditched 
organic soil) among years showed 
siniilsrities and diRcri-nces from Van 



Stvamn. Mean TN concentrations in Croatan/Craven 40 seasons, with quafferly average values 

outflow from the Pungo Lake site 
ranged from 1.1 to 1.5 mg/L, with the 
highest scaso~lal average occilrring in 
the summer quarter (Table 4.9). In 
contrast to Van Swamp, seasonal meall 
NO,-N concentrations were uniformly 
low at 0.01 to 0.05 mglL. I'he Nf 1,-N 
concentratiori in outflow was not 
determined in the study. Like at Val1 
Swamp, TP co~~centrations were also 
highest during the summer quarter at 
0.07 mg'L compared with 0.02 to 0.03 
mgjl. for fall through spring. 

The two monitoring locations in the 
Craven 40 Tract drained areas that were 
either all managed pine forests (t1A3) or 
a combination of managed pine forest 
and natural forest (HA]), while the 
monitoring location it1 the adjacent 
Croatan National Forest drained areas 
that were all unditched natural forest 
(CK43). The ruean N concentrations iii 
outflow from all of these areas among 
years generally reflected the mineral 
nature of the soils. Mean DIN conceo- 
trations were low for all three sites in all 

ranging from 0.02 to 0.15 nlg'l. 
(Table 4.10). Sea.onal NI-1,-N and NO,- 
N meat) concentratioos were less tllan 
0.1 1ng1L. with NO,-N accounting for 
60% to 94"; of the DIN pool. The 
exception to the extremely low DIN 
levels occiined during the winter 
qilarter when mean NO,-N from HA3 
was 0.15 mgL. 'The high contrihutio~l of 
NO,-N to DIN was particularly true for 
the CR43 and HA1 sites, which had 
mucky soils along the strearus. For all 
three sites, most of TN in outflow from 

uarter for the Pungo Lake study site. 
-~ ~ ~- .. 



tlie CR43 (93 to 96%). IiA 1 (86 to 94%). 
and HA3 (7 1 to 94%) sob\vatersheds 
occurred as Org-K. Seasonallq: the 
highest Org-N concentrations occurred 
in the summer quarter at all three 
locations. Average quarterly concentra- 
tions of TP ranged from 0.02 to 0.04 nig/ 
L for HA3 and CR43 and &om 0.06 to 
0.09 mjyL for FIR I. No clear seasonal 
pattern was observed across the three 
sites. 

Carteret  County - 
Open Grounds Farm 
The three monitoring locations sur- 
veyed by Kirby-Smith and Barber (1979) 
represented a natural pocosin on 
unditched organic soils (OG8). a mixture 
of managed pine, natural pine, and 
hardwood forest on both ditched and 
unditched rniireral soils (OG I), and a 
natural pine forest on s mixture of 
unditched mineral and organic soils 
(OG 10). Nitrogen concentrations in 
outflow from the sites were dominated 
by organic fractions. The particle-bound 
O r e N  (PON) concentration in otrtflow 
from OGX (pocosin) and OG 10 (pine) 
averaged 0.09 to 0.24 m@'L and0.30 to 
0.40 m a ,  respectively. PON concentra- 
tions were higher than seasonally 
averaged DIN concentrations (Table 
4.11). Notably, the apparent dominance 
of the organic N Gactions of TN +would 
have been even more pronounced if the 
dissolved organic component of Org-N 
(DON) had been determined in the 
study. It is likely that DON was the 
dominant TN fraction in outflows from 
the sites given the organic muck soils 
present. Seasonally, there was little 
difference in the PON co~lcentration for 
drainage from the wetland forest(OG10), 
hut PON in the pocosin outflow (OGX) 
reached a seasonal minimum in the 
spriilg (0.09 mdL) and inaxiinum in the 
fa11 (0.25 rngIL). The DIN concentrations 
at tlic sites were generally low, with 
seasorial means of 0.02 to 0.27 mg!L: 
DIN was lowest in the pocosin (OG8) 
outflow. Seasonally, the rneari DIN 

Table 4.10. Mean nutrient concentrations (mg/L) in outflow by 
quarter at the Croatan/Craven 40 study site. Soil types were: (HAI) 
mineral + organic; (HA3) mineral; and (CR43) mineral. 

Site Parameter Sfotfstic Winter Spring Summer Fall 

Sid Dev 0.046 0.046 0.035 0.163 
0/ 0.78 1.18 0.78 2.06 @%>. *-: s*~. ~. ,, ," .<*,, * *>*,#* wz<*"xA, --.,.-v.*,4a,e,* . & .  . * ' 

+-.4 *.,>. ,'" - -Ac,: . $"9a*s~$M?&c,~ ,./=*<- <t@&*~% ..a:~;esa*ws *<* ,,;l~$:&4~&a$&Q2~&~*~g~;~~~: 
HA1 Org-N Mean 0.63 0.75 1.65 0.74 w g ~ * @ ~ @ ~ # ~ ~ i v  ,*-:r ~ ; p w ~ + ~ 9 g * * ? . ~ * $ ~ m j ~ : * > 2 5  

, , -.., , ,.-ps$g%,:2 .,.-&+as . .r.!m*xasa, .< 3;~sxc3;~~$f~$>$$$$&~j~j$~~. 
HAT Total P Mean 0.086 0.090 0.064 0.084 

Std Dev 0.062 0.086 0.021 0.071 

Std Dev 0 000 0 003 0002 0003 . 

HA3 Total P Mean 0.026 0.035 0.030 0.037 
Std Dev 0.010 0.019 0.010 0.019 
'..A' : 38 '1-1 i 31 ,.! I 

CR43 NO, N Men!: 0.015 0071 0.03'2 0.015 
5!d Dr:v 0.004 C.012 OXJ? 0 OCh 
CV 0.77 0.!>7 0.72 0 40 

+:3 ',....-:.I I A ,  ,,: ~ ~ 0 3  r',l/ 1 ' 1  ( : ~ v  
Sid Dev 0.005 0.006 0.013 0.002 

Sid Dev 0.012 0.009 0.006 0.008 
0/ 0.60 0.29 0.26 0.44 

concentration in outflow from OG8 was 
highest in the summer compared with 
peak concentrations in the Fall frorn the 
OGI and OGIO pine blocks. For DIN, 
NH,-N contributed a majority ofthe 
total in outflow from OGX (8 I to 88%) 
compared with I6 to 67% of DIN in 
outflow from the pine stands. Average 
POa-P conceritrations were low at tlie 
sites, remaining less than 0.03 mg/L for 

all quarters except 01; 10 dortng cpnng 
(0 064 mg/L) 

Weyerhaeuser 
Multi-Tract Study 
Mean nutrient concentration data fix 
the 1 1  forest suhviatersheds in the 
Weyerlraeuser moiti-tract stud) jf'arker 
Tract omitted) are presented on pnges 



Table 4.1 1. Mean nutrient concentrations (mg/L) in outflow by 
quarter at the Open Grounds Farm site. Vegetation for study blocks 
were: (OG1) managed pine; (068)  natural pocosin; and (OG10) 
natural forest. Total concentrations of N and P were not determined 
in the study. 

~. ~~ ~~ .... . .~ ~ ~ . . .  .- 

Site Parameter Stcrtistic Winter Spring Summer FaN 

Std Dev 0.003 0.022 0.018 0.108 

Sid Dev 0.239 0.089 0.196 0.220 

Std Dev 0009 0008 0014 N/A 
0/ 100 01'3 1 08 N/A 

48 and 49 by predoniinant soil type 
(rnineral vs, organic) since soil cliarac- 
teristics appeared to affect N and P 
concentrations in ootflows. For 
exanpie, I'N in outflow Eronr organic 
soils occurred mainly as Org-N, and 
DIN occurred mainly as NH,-N. In 
contrast. TN in outflow froin mineral 
soils was generally evenly proportioned 
between DIN and Org-N, K-ith the 
majority of IllN as NO,-N. Other factors 
potentially influencing h' and P concen- 
trations and dominant tractions were 
elevation and slope across the 
subwatershed, ditch spacing and soil 
hydraulic conductivity, specific soil 
type (e.g., order and series), age and 
species composition of the forest 
canopy, and landscape position relative 
to the Suffolk Scarp. All of the study 
sites were managed forest on ditched 
soil. Data preserited fix the 1 I forest 
subwaterslieds are limited to the winter 
and spring quarters, which was the 
focus of the study; limited data from the 
fall period are omitted. Tlic S4 outlet 
from the Parker Tract was included in 
the study, but results are summarized 
separately (see Table 4.7). 

Mineral Soil Sites 

Seven of the eleven subwatersheds had 
large areas with mineral soils. Seasonal 
nutrient data for those seven soil sites 
are presented in Table 4.1 2. Mean 
nutrient coclcenrrations are described 
below by site beginning with those 
west ofthe Suffolk Scarp. Five sites 
were west of the scarp at an elevation 
of more tl~an 12 m: the Kramer Tract (el. 
6 m) and the tlyde 15 Tract (el. 1.5 mj 
were east of the scarp. 

J&W-1. The mean IN concentration 
in outflow was 1.53 mg/L during the 
winter quarter and some\vhat lower at 
1.26 malL in the spring. For the winter 
quarter, a majority ofTN was contrib- 
uted by DIN (0.94 ma'L), primarily 
(9796) io the fonrl ofNO,-N. Nitrate was 
also t l~e  dominant form of DIN in the 
spring quarter (939b),  but DIN (0.60 mg 
I.) and Org-N (0.67 n1gL.j ~(mtrihuted 



Table 4.1 2. Mean N and P concentrations (mg/L) in outflow for the Weyerhaeuser multi-tract study by 
subwatershed and quarter. 

Para- Abboff Tract Bates Bay Big Pocosin Hyde 15 J&W- 1 J&W-2 
meter Statistic Winter Sorina Winter S~rina Winter Sorina Winter Sorina Winter S~rina Winter Sorina 

Mean 0.109 0.031 0.054 0.126 0.030 0.082 0.063 0.316 0.028 0.040 0.009 0.035 
StdDev 0127 0.022 0.030 0.083 0.021 0.070 0.048 0.352 0.038 0.030 0.010 0.029 
CV 1.16 0.71 0.55 0.66 0.73 0.86 0.75 1. 1 1  1.34 0.76 1.08 0.82 

Mean 1.46 1.40 1.31 1.39 0.72 0.96 0.59 0.66 0.59 0.67 0.35 0.37 
StdDev 0.26 0.15 0.17 0.22 0.22 0.36 0.17 0.16 0.22 0.15 0.11 0.19 

Mean 0.047 0.027 0.125 0.1 18 0.070 0.049 0.141 0.049 0.050 0.026 0.041 0.034 
StdDev 0.024 0.013 0.043 0.054 0.040 0.035 0.106 0.019 0.029 0.018 0.028 0.032 
CV 0.50 0.49 0.35 0.46 0.57 0.71 0.76 0.40 0.57 0.67 0.69 0.92 

~~~ ~~ .. ~~~~p ~ .... . , . ~ -~~~  .~.~. . ... . . 

(Joble continued on next page) 

equally to TN. The change in relative 
proportions of organic vs. inorganic 
fractions between the winter and spring 
periods was largely due to the variation 
in NO,-N concentration (0.91 vs. 0.56 
m@!I,); niean NH,-N and Org-N concen- 
trations were similar for winter and 
spring quarters. Mean total P concen- 
tration was low during both quarters at 
0.026 100.050 mgL. 

.J&W-2. Mean TN concentrations in 
outflow from JW2 ranged from 0.68 to 
1 .0 mgll, for the spring and winter 
quarters, with the lower sprin, 0 mean 
value doe to a corresponding decrease 
in NO,-N. For the winter quartei NO,-N 
was thedominant TN fraction st 0.64 
mg/I. (64% of TN) compared with 42% 
o f f N  in the spring quarter (0.28 of0.68 
mp'I.1. As with J'd'l. the seasonal 
variation in Org-N concentration was 

small at0.35 to 0.37 mg!L. Mean TP 
concentrations were also similar to 
those from JW 1 at 0.034 and 0.041 m_ell,. 

J&W-3. In contrast to other 
subwatersheds in the J&W Tract, the 
mean M concentration in outflow from 
JW3 showed only a small variation with 
season ( I .  16 to I .3 1 m@'L), wit11 a higher 
rnean value for the spring quarter For 
JW3, the mean DIN concentration, and 
NO,-N in particular. were similar for 
both seasons at 0.60 and 0.62 mg!L. 'She 
small seasonal variation in T'N concen- 
trations between rttean values for winter 
and spring months was due to a higher 
Org-N concentration in the spring (0.7 1 
mgr1L) than in the winter (0.55 mgjL). 
Overall, DIN contributed 53% of M in 
tile winter but only 46% in the spring, 
with NO;-N as tile dominant (95 to 97 
96) DIN fraction. The greater Org-N 

contribution to TN in outflow from the 
JW3 sub~r-atershed rnay reflect organic 
muck soils near the drainage system 
outlet. Mean TP concentration in 
outflowwas low at0.043 tu0.047 myL. 

J&W-4. The mean TN conccntration 
in outflow from this subwatershed just 
upslope from the SutTolk Scarp aver- 
aged 0.71 and 1.02 nls/L., with higher 
concentrations during the winter. This 
seasonal difference, as with JW 1 and 
JW2, was largelq due to m~~c l r  higher 
mean DIN in the winter quarter than 
during the spring (0.62 vs. 0.39 nr@'L). 
mainly as NO,-N. Mean Org-N was 
similar for hinh seasons at 0.33 and 0.41 
rn@'l., as was mean TP concentration at 
0.026 and 0.031 mgL. 

Big Pocosit~. Seasonal variations in 
mean Org-N, Nl3,-N, and NO,-N 
concentrations in outflow were oh- 



1 Table 4.12. Mean N and P (mg/L) concentrations in ouflowfor the Weyerhaeuser multi-tract study by 
1 cubwatershed and auarter iconttnuedi. 

i Morrison Rodman- 

para- J&W-3 J&W-4 Kramer Tract Tract Meyer Parker Tract 
meter Statistic Winter Spring Winter Spring Winter Spring Winter .$ring Winter Spring Winter Spring 

I , .  Courit X, 12 15 7 16 I2 16 10 18 I :  I? 10 
MCWI O6!! 0.51 060 0.31 (1.74 0.41 0.88 0 C.69 07" 7 . 2  107 
51d Oov 0.45 0.89 043 0 28 C 56 340 091 0.68 657 0 24 ! 1 09 
(N 0.75 1.41 0.7' 087 0.76 086 1 CM 1.26 C h? 1.09 0.6: ! 9'' 

'I 
' . , I  *. . 1w.1 z.. 2 . 5  i 0 I v l f. ' '> ' i? I; 1 i 1 -  
' '  'd 

Mean 0.015 0.030 0.015 0.043 0.083 0.184 0.418 0.567 0.035 0.104 0.090 0.225 
StdDev 0.010 0.026 0.012 0.070 0.133 0.201 0.131 0.283 0.022 0.113 0.063 0.232 

Mean 0.55 0.71 0.41 0.33 0.45 0.70 2.95 3.22 0.76 0.83 1.64 1.72 
StdDev 0.11 0.30 0.23 0.06 0.20 0.53 0.30 0.39 0.16 018 0.29 0.60 

Tntnl P Count 20 12 15 7 16 10 16 10 18 11 17 10 
Mean 0.043 0.047 0.034 0.026 0.072 0.053 0169 0.196 0.060 0.044 0.098 0.071 
StdDev 0.024 0.032 0.021 0.017 0.045 0.042 0.062 0.085 0.033 0.035 0.056 0.051 
CV 0.56 0.67 0.62 0.66 0.63 0.80 0.37 0.43 0.55 0.78 0.57 0.72 

~ .- --- . ~.. ~ 

served during the study period, The TN 
concentratiorl in outflow was higher 
during the winter quarter with a niean 
value of1.65 ~ n d L  compared wit11 a 
mean valuc of 1.33 mg/L in the spring. 
Ouring the winter quarter DIN ac- 
counted for 56Ve of TN, primarily as 
NO,-N (97%). In contrast, Org-N 
contributed 72% of TN in the spring 
quarter due to an increase in Org-N 

1 concentratio11 (0.96 vs. 0.72 nig/L) and a 
decrease in DIN (0.37 vs. 0.93 mglt.) 

1 compared with mean values for the 
1 xvinter quarter. The niean TP concentra- 
1 
i tion was higher than at the J&W sites 

at0.049 and 0.070 mg/L forqilanerly 
rneail values. 

1 Kranrer Tract. Mean TN concentra- 
tion in o u t f l o ~  from the Kramer Tract 
irveraged 1.27 to 1.35 mg,l. by qua!-ter. 
llo~rcver, thcre was a shift in tlie 

dominant forrns o fN between the winter 
and spring quarters. Nitrate (0.74 mg!L) 
contributed i8?,6 of TN during the 
winter quarter; ~$:liile Org-N (0.70 mgL) 
and NH,*-N (0.18 myL) contributed 52% 
and 1396 of TN for the spring quarter 
mean, respectively. The mean TP 
concentrations at this site were 0.053 
and 0.072 mg'IL, respectively, for thc 
spring and winter quarters. 

Hyde 15:niere were fewer water 
samples from this subwatershed tiler1 
from the others due to triinimal outflow 
duritlg winter;spring 1999 associated 
with leakage around the weir structure. 
'The mean TN corlcentratiori for the nine 
winter san~ples collected was 2.52 mg/L 
compared with a springtime mean 
concentration of 1.63 mgl.(n=4). 
L)oring the winter quarter, 'fN was 
coniposed mostly of DlK (avg. 1.93 mg,' 

L, 77%); predominantly as NO,-N, while 
the much lower mean TN concentration 
in the spring quarter was due to a large 
decrease in mean NO,-N concentration 
(0.66 vs. 1.87 rnglL.) cornpared with the 
winter quarter fn the spring quarter, 
DIN coricentration (0.97 mgIL) was also 
higher than Org-N (0.66 mgL), apith 
NI-1,-N contributing 33% ofDIN. Mean 
TP concentralion varied by season from 
0.049 mg!L during the spring to 0. I4 mgl 
t. during the winter. 

Organic Soil Sites 

Fotrr sites were sa~i~pled that have 
predominantly organic soils, in addition 
to the S4 outlet from the Parker Tract. 
They rangcd in elevation fro111 I 8 m 
west ofthe Suffolk S c q  to 1.5 m in the 
outer constal plain. T\+o of tlic sites at 



Table 4.13. Mean quarterly concentrations of Org-N, DIN, Total N, and Total P observed in oufflow from 
all of the full-year s 
. -~~ - - . ~ . ~ ~  . ~ ~ . 

Winter Spring Summer fall  Winter Spring Summer Fall 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

._ ._ _ _~_.. . -  - . . .  . ~ .- --- - . 

1 Ora-N i DIN 

an elevation of approximately 6 m are 
immediately east of the Suffolk Scarp. 
Table 4.12 sulnmarires average N and P 
concentrations for the winter and 
spring quarters. 

Bates Bay. 'l'liis subwatershed 
contains large components of hot11 
mineral and organic soils but was 
groilped with die organic soils based 
on N and P concentrations in outflow. 

The mean TN concentration in olltflow 
was higher in the winter quarter (2.2 1 
m g t )  compared with the spring c]uaner 
(1.71 ingL). This seasonal difference 
was due to the higher mean DIN 
cor~centration in the winter quarter (0.90 
vs. 0.32 mgL), with 94?' of winter DIN 
as NO,-N. Mean Or-g-N concentrations 
were similar for both quailers (1.3 1 and 
1.39 mgiL,) and were higher than typical 

values forth; nlineral soil sites. Mean 
I'P concentratio~is were also higher in 
outflow fro,m Bates Bay than in ootflow 
from the mineral sites presented above, 
with a quarterly average value of  
0.12 mnfi.. 

Rodman-icleyer. The rnem ih' 
concentration in outflow from this site 
was relatively lo\\ cornpared iiith those 
oiother sithwatersheds \vitli organic 



soils The average was higher in the 
.illter quarter (I .48 mdL vs. I .  I6 oic'L). 
~~r the winter quartet: DIN and Org-N 
fractions were nearly the same (avg. 
0.72 and 0.76 m&, respectively). 
Nitrate (avg. 0.69 mg%) accounted for 
96% of the winter DIN but only two- 
thirds in the spring (avg. 0.22 of 0.33 
mg-L). In the spring quarter, Org-h' 
(avg. 0.83 mgiL) was the dominant 
(72%) fraction ol'TN. TP concen- 
trations for the winter and spring 
quarters were 0.044 to 0.060 m&lL. 

Morrison Tract The mean TN 
concentration in outflow froni the 
subwatershed sampled at the Morrison 
Tract was the highest for the multi-tract 
subwatersheds sampled at 4.25 (winter) 
to 4.33 (spring) mg!L. In both quarters, 
Org-N was the dominant fraction of TN 
(69 to 74%) at 2.95 and 3.22 mg'I., 
respectively, for the winter atid spring 
qaarters. The mean DIN concentration 
was higher in the winter (avg. 1.30 n i d  
I,). when 68% of DIN was as NO;-N, 
than in the spring (I .  10 m&'L). For the 
spring quarter, average NO,-N and NH,- 
N concentrations were approximately 
equal. The average TP concentration at 
the site was relatively high at 0.17 and 
0.20 mg/L for the winter and spriiig 
.quarters, respectively, which were the 

highest values for tire 12 sites sampled 
(including Parker Tract SJ). 

Abbott Tract. The averageTN 
concentration in outflow was 40% 
higher in winter (avg. 2.46 mg/L) than in 
the spring quarter (avg. 1.76 mglL). For 
both quarters, average Org-N concen- 
tration was similar (itinter = 1.46 m@.; 
spring == 1.40 mg/L) and contributed the 
greater part of TN (59 to 79%); Org-N 
was the domigiant fraction during the 
spring quarter. In terms of DIN, NO;N 
contribi~ted a majority of the total in 
both seasons. Mean TP concentrations 
were 0.047 and 0.027 n~&, respectively, 
for the winter and spring quarters. 

Summary of Nutrient 
Concentrations 
Mean nutrient concentrations in 
outflow waters from forested lands are 
usually low compared to those from 
other land uses. This held true for most 
of the study sites presented in this 
report. 1)raiiiage water from 50% of the 
study sites had mean seasonal concen- 
trations of less than 1.5 mg/L for TN, 
less than 1.1 mg'L for Org-N, less than 
0.2 ni@'ljl, for DIN, less than 0.1 m@L for 
NO,-N, less than 0.1 m g L  forNH,-N, 
arid less than 0.07 m d L  for TP (Figs. 4.1 

and 4.2). At the 75th percentile level, 
mean seasonal concentrations in 
drainage water from the study sites 
were less than 1.8 mp;L for TN, less 
than 1.5 m g t  for Org-N, less than 0.65 
mglL for DIN. less than 0.6 mg'l. for 
NO,-N, less than 0.22 m@L for NI-I,-N, 
arid less than 0.08 nid1. for Tf Notable 
exceptions to the generally low nutrient 
concentrations were the much higher 
nitrogen concentrations observed in 
the Parker Tract study. Mean seasonal 
concentrations for drainage water from 
the l'arker Tract sites located on 
organic soils were as high as 3.6 mg'L 
for Org-N, 5.9 mg'L for DlN, and 9.6 mgi 
L for TN (Table 4.1 3). Of the sites not 
located at the Parker Tract and sampled 
throughout the year. Van Swamp had 
the highest seasonal concentrations for 
DIN (1.1 mglL) and TN (2.2 m@), and 
the Tyrreli County mineral soil site 
(T102) had the highest concentration 
for Org-N (1.6 m&). 

Consistent seasonal changes in 
tlutriellt concetttrations were not 
evident for most of the observed 
constiluents (Figs. 4.1 and 4.2). The 
only notable seasonal difference was 
that Org-N concentration was highest 
during the summer. Mean Org-N 
concentrations were the highest in 

ble 4.14. Distribution of mean quarterly nutrient concentrations in outflow during winter and spring 
ee Figures. 4.3 to 4.6). Values are based on all all study sites includins the multi-tract study. 



the summer for 13 out of 16 sites 
(?'able 4,  Is), with the median value for 
the summer concentration at 1.02 m g L  
compared with 0.60 to 0.76 mg1. for 
other seasons. This seasonal pattern in 
Org-N concentrations was reflected in 
the TN concentrations, with 14 out of 
17 sites liaving the highest TN concen- 
trations in the summer. Median TN 
concentrations for summer were 1.43 
mgiL compared with 0.94 to 1.09 mg1, 
for the fall through spring quarters. 
While the median concentration for TP 
was also highest in the summer (0.064 
mgjLj compared with other seasons 
(0.033 to 0.047 mgiL), TP concentration 
was higlast in the sumrner for only 6 
out of 17 sites. 

The mean N concentrations in the 
water draining the organic soils at the 
Parker 'Tract were usually two to four 
times higher than the higbest meanN 
concentratioris observed in all of the 
other study sites. These observations 
raised the important question as to 
whether the Parker Tract site is an 
anomaly for eastern North Carolina. She 
multi-tract study was conducted over a 
range of forested sites to determine 
whether high N concentrations occur at 
other forested sites. The N concentra- 
tions observed during the winter and 
spring quakers at the I1 multi-tract 
sites were combined with those 
reported in the full-year studies to give 
a distribution of concentrations for all 
28 sites (Table 4.14). For TN. OQ-N, 
DIN, and NO,-N, an abrupt increase in 
concentration occurred just above the 
90th percentile (Figs. 4.3 to 4.6). 
Concentratioris nearly doubled in this 
abrupt increase. The two or three sites 
that had the high values were the Parker 
Tract sites and the Monison Tract site 
from the multi-tract study. These 
distributions indicate that N concentra- 
tions in forest drainage, as seasonal 
averages, are usually low (less than 2 
nig/L for ?N, less that, I mg.1. for DIN, 
and less than I .i 111giL for Org-N); 
however, some site conditions exist that 
can result in seasonally high N concen- 

0.00 i I 
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0.00 m 
Winter %ring S u m r  Fall 

Figure 4.1. Distribution of mean seasonal concentrations of TN, DIN, 
and Org-N in outflow from full-year study sites. The box and wisker 
plots show values for 10th. 25th, 50th, 75fh, and 90th percentile 
rankings. 

trations in forest drainage water sites were also located on organic soils. 
exceeding 4 m@'L for '11'1, exceeding 2 but did not have high N concentrations 
m$I. for IXN, and exceeding2.5 m@iL in their drainage water. Both the Parker 
for Org-N. The higher N concentrations and Morrison tracts are just cast of the 
occurred in less than 10% of the sites. Suffolk Scarp, thus, physiograpl~ic 
Notably, the Parker'Sract sites and the setting may he an imponant aspect of 
Morrison Tract site were located on the site condition. 
organic soils; however, several other 



Winter Spring Summer Fall 

Winter Spring Summer Fall 

Figure 4.2. Distribution of mean seasonal concentrations of NO,-N, NH,-N, and Total 
P in outflow from full-year study sites. The box and wisker plots show values for 1 Oth, 
25th, 75th, and 90th percentile rankings. 
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Figure 4.3. Distribution of mean quarterly nutrient concentrations for TN, DIN, and 
Org-N during winter quarters ranked in ascending order. Plots include data for the 
multi-tract study sites and the full-year study sites. Replicate sites within studies were 
averaged and watershed sites that included other study sites were omitted to avoid 
over-weighting specific locations or conditions. 
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Figure 4.4. Distribution of mean quarterly nutrient concentrations for NO,-N, NH,-N, 
and Total P during winter quarters ranked i n  ascending order. Plots include data for 
the multi-tract study sites and the full-year study sites. Replicate sites within studies 
were averaged and watershed sites that included other study sites were omitted to 
avoid over-weighting specific locations or conditions. 



8 0 8 s . .  
. 0 . 0 0 0 . + ~  

0% 10% 20% 30% 40% 50% Ml% 70% 80% 90% 1004: l  
j 

Percentage of Study Sites 
L . ~ - ~  . ~ ~ . . . .~ ...~ .~ ,~. . 

Figure 4.5. Distribution of mean quarterly nutrient concentrations for TN, DIN, and 
Org-N during spring quarters ranked in  ascending order. Plots include data for the 
multi-tract study sites and the full-year study sites. Replicate sites within studies were 
averaged and watershed sites that included other study sites were omitted to avoid 
over-weighting specific locations or conditions. 
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Figure 4.6. Distribution of mean quarterly nutrient concentrations for NO,-N, NH,-N, 
and Total P during spring quarters ranked in ascending order. Plots include data for 
the multi-tract study sites and the full-year study sites. Replicate sites within studies 
were averaged and watershed sites that included other study sites were omitted to 
avoid over-weighting specific locations or conditions. 



SECTION 5 - NUTRIENT EXPORTS 

The export of nutrients in forest 
drainage results from the combined 
effects of outflow volume and nutrient 
concentrations in the drainage water. 
Consequently, values for nutrient 
export can be quantified only from 
studies that measured both outflow 
volume and nutrient concentrations 
(Carteret 7, Isaac Creek, Jones County> 
Tyrrell County, Washington County, 
Parker Tract. Van Swamp, and Pungo 
Lake). Since export depends on outflow 
volume and outflow volunie varies 
greatly in response to year-to-year and 
seasonal wzather patterns, nutrient 
exports reported for short-term studies 
(less than 10 years) must be interpreted 
in the context of the weather patterns 
observed during the study. 
As discussed earlier, nutrient export 
values reported for the less frequently 
sampled monitoring studies (Isaac 
Creek, Van Swamp, and Pungo Lake), 
which were checked bi-weekly or 
monthly, are possibly less accurate than 
those reported for the high-frequency 
(weekly) sampling studies. Neverthe- 
less, they can still be used to support 
the trends observed in the high- 
frequency sampling studies. 

Carteret County - 
Carteret 7 
Total annual nutrient export in outflow 
from the D l  watershed (a managed 
loblolly pine forest on ditched mineral 
soil) averaged 4.4 and 0.24 kgiha for TN 
and TP, respectively, (Table 5. I). There 
was large year-to-year variation in these 
measurements. which were calculated 
for 1992 to 1996. The average annual 
export of dissolved inorganic N (DIN, 
NH,-N + NO,-N) averaged 2.4 kgha, 
with 95%. ofD1N export as NO,-N. On 
an annual basis. DIN contributed a 
large fraction of 1W export from the Dl 

watershed. accounting for 57% of the 
total for the period evaluated; annual 
Org-N export averaged 2.0 kgha or 43% 
of total. Seasonally, most of the DIN 
and TN export, respectively, occurred in 
winter at 1.6 and 2.5 kgha, accounting 
for 65% and 58% of the average annual 
total for DIN and TN. Maximum 
seasonal exports of N during the winter 
occurred with maximum seasonal 
outflow. Winter outflow accounted for 
54% oftotal annual outflow (Table 3.2). 
Average seasonal exports of DIN and 
Org-N were more constant for the 
spring tluough fall seasons at 0.19 to 
0.3 1 and 0.29 to 0.42 kglia, respectively, 
leading to nearly identical seasonal 
values for TN export (0.60 to 0.62 kg/ 
ha). The seasonal export of TP was 
highest during the fall at 0.09 kg8ha, 
accounting for 39% ofthe annual total. 
TP export was next highest in the 
winter, when outflow was at amaximum; 
it was 0.08 kgha and contributed 33% 
of annual export. 

Comparisons of nutrient concentra- 
tions in outflow for the three paired 
watersheds at the Carteret 7 study site 
(Fig. 2.2) indicate characteristic differ- 
ences among the adjacent study blocks 
(Amatyaet a]., 1998; Smith, 1994). For the 
pre-treatment period (1 988 to 1990) during 
which outlet weir depth was identical 
among the study blocks, seasonal and 
annual nutrient concentrations for Dl,  
and hence nutrient exports, were found to 
ditfer from tliose for 0 2  and 1>3. Nutrient 
exports from D2 aid D3 were estimated 
by laking into account bod1 small 
hydrologic differences (91 to 96?4 ofD1) 
and larger nutrient concentrations (25 to 
138'??6 ofD1). Mean outflow andnutrient 
concentration values used to estimate 
export? fromD2 and 1>3 were taken froni 
Table 2 ofAmatya et at. (1998) based on 
datacollected during 1988 to 1990. Forthe 
three watersheds, predicted 724 export 
from D2 (2.8 kgha) and D3 (1.4 k&j 
were considerably tower than exports 
from Dl for the 1992 to 1996 study period. 

Table 5.1. Mean nutrient export (kg/ha) in outflow from D l  
watershed at Carteret 7 by quarter and year. Export values were 
obtained from D. M. Amatya at NC State University for January 
1992 through May 1994 (see Amatya et al., 1998) and for 1995 to 
1996. The annual total is the sum of quarterly values. 

Quarternear NH,-N NO,-N ORG-N TN TP 
~- ....... ..... ~ ,.,-. ~ . . ~  ... . 

Quarterly Exports 
Winter 0.07 1.55 0.92 2.53 0.08 
Spring 0.02 0.29 0.29 0.60 0.02 
Summer 0.03 0.16 0.42 = 0.61 0.05 
Fall 0.01 0.26 0.35 0.62 0.09 

Annual Total 0.13 2.25 1.99 4.37 0.24 
. ~ ~ ~~ 

Annual Exports 
1 992 0.08 3.75 1.68 5.52 0.13 
1993 0.02 2.61 1.74 4.37 0.04 
1 995 0.17 1.03 1.32 2.51 0.23 
1996 0.17 2.10 2.77 5.04 0.52 

Mean Year 0.1 1 2.37 1.88 4.36 0.23 



tixpoli ofNO1-N account& for 39% (D3) 
to 53% (D2) of TN export compared with 
j4% for D I; export of Org-N from D3 was 
0.7 kg'ha'yr con~pared with an average 
SO,-N export of0.5 kg.'hdyr. In contrast 
to d ~ e  lower exports of N &actions from 
1x2 and D3, estimated TP exports \'ere 
0.28 to 0.29 kgihalyr compared with 0.24 
kgJhzy~ from D I. 

Carteret County - 
lsaac Creek 

The mean TN exports estimated in 
outflow from managed forest blocks 
(ARC, B, and D) and a natural forest 
block (UD) at the Isaac Creek site were 
similar among monitoring locations (2.8 
to 3.8 k&Jha/>~) (Table 5.2) despite 
differences in soil type. ABC and D 

Table 5.2. Mean nutrient exports (kg/ha) in outflow from lsaac 
Creek watershed by quarter and site. Years affected by harvesting 
and replanting were omitted from the calculation of averages. 
Exports from block UD were calculated using data from 1986 to 
1988 and estimated using seasonal mean concentration and 
outflows (see below). 

Quarter/ 
Year NH,-N NO,-N ORG-N TN PO.-P TP 

ABC Outlet 
Winter 0.14 0.10 1.19 1.42 0.073 0.13 
Spring 0.04 0.02 0.37 0.42 0.030 0.07 
Summer 0.06 0.04 0.79 0.89 0.022 0.06 
Fall 0.17 0.08 0.33 0.58 0.026 0.07 

Annual Total 0.41 0.27 2.63 3.31 0.151 0.33 

D Outlet 
Winter 0.08 0.14 1.25 1.47 0.063 0.10 
Spring 0.04 0.09 0.59 0.72 0.033 0.08 
Summer 0.09 0.13 0.74 0.95 0.019 0.04 
Fall 0.03 0.03 0.54 0.60 0.019 0.06 

Annual Total 0.24 0.39 3.1 1 3.74 0.133 0.28 

Block B 
Winter 0.1 1 0.08 1.58 1.77 0.088 0.13 
Spring 0.04 0.01 0.36 0.41 0.023 0.06 
Summer 0.08 0.02 1.08 1.18 0.044 0.10 
Fall 0.01 0.01 0.45 0.48 0.010 0.06 

Annual Total 0.25 0.12 3.46 3.83 0.165 0.34 

Block UD (1 986-1 988) 
Winter 0.23 0.03 1.52 1.78 0.024 0.07 
Spring 0.06 0.00 0.25 0.31 0.010 0.02 
Summer 0.03 0.01 0.77 0.82 0.012 0.03 
Fail 0.00 0.00 0.00 0.00 0.000 0.00 

Annual Total 0.33 0.04 2.55 2.91 0.045 0.1 1 

Block UD (Mean Conditions') 
Vv'infer 0.07 0.02 1.08 1.17 0.014 0.04 
Spring 0.07 0.01 0.35 0.42 0.010 0.02 
Summer 0.03 001 0.70 0.75 0.010 0.02 
Foil 0.01 0.01 0.45 0.47 0.005 0.02 

Annual Total 0.19 0.05 2.58 2.81 0.039 0.10 

tqotes: (I) Water quality doto ore horn 1985 to 1988 ond 1995 to 1996; seasonal outflow 
'ioto ore from 1986 lo  1995. 

were on mostly mineral ditched soils 
while block 13 was on ditched organic 
soils and block UD %\.as on unditched 
organic soils. Export of 'IN from all 
blocks was highest during the winter 
quarter when outflow is generally 
highest (Table 3.3). Annual exports of 
DIN from tlie forest blocks were low at 
all locations at 0.04 to 0.4 forN0,-N and 
0.19 to 0.4 1 kgha forNI%,-N ('kble 5.2). 
One difference among stands was a lack 
ofN0,-N export from the organic muck 
soils on blocks B and UD. Considerable 
variation in DIN output (cv -0.25 to 
0.67) occurred among years associated 
with interannual variations in rainfall 
(outflowcv = 0.22 to 0.29, Table 3.3) and 
nutrient concentrations (1.ebo and 
Henmann, 1998). For P fractions, annual 
TP export was low from all gauged areas 
but higher from the managed forest 
stands (0.28 to 0.34 kgiha) compared 
with block UD (0.1 I kg.%a) (Table 5.2). 
Calculation of average nutrient exports 
for block UD. based on average 
outflows and nutrient concentrations, 
had little effect on arlnual values but 
increased the relative seasonal contri- 
butions of the spring and fall quarters 
to average annual export. 

Average nutrient exports for block 
LID adjacent to the Isaac Creek water- 
shed were estimated for the entire study 
from average concentrations and Inem 
seasonal flows from 1986 to 1995. 
Because there were only three years 
with both outflow and nutrient data, 
average nutrient exports for the entire 
study period were estimated by season 
for average hydrological conditions to 
provide a comparison with exports from 
the 1986 to 1988 period. Nutrient 
concentrations used in the-calculations 
were the average of mean values for 
each of the two study periods (1985 to 
1988 and I995 to 1996). A comparison 
of outflows during 1986 to 1988 with tlie 
entire study indicates sutn~licr outflow 
was 68% higher than the study mean, 
while spring and fall values were48% 
and 88% lower than thc study mean, 
respectively, (Table 3.4). 1)iEerences in 



Table 5.3. Mean nutrient export (kg/ha) in outflow from Jones 5 
watershed for 1981 to 1984. The annual total i s  the sum of seasonal 
values. 

QuarterBear NH,-N NO,-N ORG-N TN TP 
.. ... ..... .~ . ~ . . .~~~  ------- ~~~ ~ . ..~ .. .~ 

Quarterly Exports 
Winter 0.48 0.22 2.52 3.21 0.09 
Spring 0.04 0.01 0.49 0.53 0.01 
Summer 0.02 0.00 0.28 0.31 0.02 
Fall 0.11 0.00 0.31 0.42 0.01 

Annual Total 0.65 0.23 3.60 4.48 0.13 

the scasonal distributions of nutrient totals for N fractions at this site can he 
exports between 1986 and 1988 and attributed to seasonally maximum 
mean conditions (Table 5.2) can largely outflow and nitrogen concentrations 
he attributed to deviations in flow. during winter (see Tables 3.5 and 4.4). 

On an annnal basis, DIN accounted for 

Jones Countv - Jones 5 16% of TN export, with the majority of 

Mean nutrient export in outflow from 
the Jones 5 research stands (managed 
loblolly pine forest on ditched mineral 
soil) occurred largely during winter 
months (Table 5.3). as observed at the 
Carteret Counly sites. Winter export of 
DIN and TN was 0.70 and 3.2 kgiha, 
respectively, accounting for 75 and 
7296, respectively, of average annual 
values for each fraction. The large 
contribution of winter export to annual 

DIN contributed by NH,-N. The 
remaining 84% of 'I'N export occurred as 
dissolved and particulate cornponents 
of Org-N. The annual TP export from 
the site was low at 0.13 kgha for the 
study period. As with the N fractions, 
winter TP export accounted for most 
(63%) of the annual total, consistent 
with the seasonal flow distribution; 
winter outflow accounted for 62% of 
annual outflow. 

Table 5.4. Mean nutrient exports (kg/ha) in outflow from the Tyrrell 
County watersheds by quarter and site. 

. . ~ .. ~~ . . . ,, ~.~ ~ 

QuarterBear NH,-N NO,-N ORG-N TN TP 

T1 02 Mineral Sail 
Winter 0.13 0.17 1.23 1.53 0.055 
Spring 0.06 0.06 1.12 1.25 0.046 
Summer 0.05 0.03 0.43 0.52 0.019 
Fall 0.06 0.12 0.42 0.60 0.050 

Annual Total 0.31 0.38 3.19 3.89 0.17 

T104 Deep Organic Soil 
Winter 0.15 0.12 2.19 2.45 0.099 
Spring 0.16 0.02 1.40 1.58 0.074 
Summer 0.05 0.01 1 .Ol 1.07 0.081 
Foil 0.07 0.02 1.29 1.39 0.045 

Annual Total 0.43 0.1 7 5.89 6.50 0.30 

T I  07 Shallow Organic Soil 
Winter 0.27 010 2.20 2.57 0.137 
Spring 0.10 0.04 0.87 1 .01 0.020 
Summer 0.05 0.02 0.72 0.79 0.044 
Fall 0.12 0.06 1.39 1.58 0.026 

Annual Total 0.55 0.22 5.17 5.94 0.23 

Tyrrell County 

Mean concentrations and exports of 
DIN in outflow froin the three undevel- 
oped sites in the 'I'yrrell County study 
were generally lo\v (Table 5.4). with 
NO,-N and NII,-N concentrations 
typically less than 0.1 rngL.. Export of 
DIN from the rtatural sites during the 
study ranged from 0.60 to 0.77 kgha,)ir 
compared with an average anntral TN 
export of 3.9 kgha(T102. on ditched 
mineral soil), 5.9 k&a (T107, on 
ditched shallow organic soil), and 6.5 
kgha (T104, on unditched deep organic 
soil). The niajority of IN export (72 to 
87%) occurred as dissolved and 
particulate components of Org-N. For 
phosphorus, similar f P  concentrations 
among tlie three soil lypes monitored 
(Table 4.5) contributed to similar annual 
'I'P expc>rt levels of 0.1 7 to 0.30 kgll~a 
(Table 5.1), with a greater export off the 
organic soils. 

The highest nutrient exports 
occurred in the winter concurrent wit11 
highest outflows (e.g., Table 3.6). 
flowever, lower winter nutrient concen- 
trations (Table4.5)partially offset 
higher outflows, so winter contribu- 
tions to alinual nutrient exports were 
generally lower than the corresponding 
contribution of winter outflow to annual 
outflow (kble 5.4). For example, the 
winter quarter accounted for 39,38, and 
13% ofTN export from T 102, T104, and 
T107, respectively, compared with 54, 
42, and49% oftotal outflow. (.owest 
nutrient exports generally occurred in 
the summer when outflow was at its 
lowest. The relative contribution of IXN 
to TN was only 6% (deep organic) to 
16% (mineral) in the suinrner compared 
to I I and 20°io, respectively, during the 
winter. TP export was more evenly 
distributed across seasons for the 
mineral and deep organic soils com- 
pared to TP  export fro111 tlie shallow 
organic site; where a disproportionate 
nnrount of TP export occurred in the 
winter. This high TP export t'roni tlre 
shallow organic site during the winter 
can he attributed to higher outflow and 



ail intermediate f P  concentratior~ (see 
1Bblel.3. 

Washington County 

The majority of annual export of several 
niltrienl fractions in outflow from the 
natural forest site on unditclled mineral 
soil in Washington Cox~nty occurred 
during the winter (Table 5.5). The winter 
quarter accounted for 92?' of NO,-N 
and 60% of TP annual export, concur- 
rent with 64.6% ofannual outflow (see 
Table 3.7). The predon~ina~it contribu- 
tion of winter NO,-N export to the annual 
total can be attributed to high concentra- 
tion values (Table 4.6) and maximum 
outflow (Table 3.7) during the winter 
quarter. ForNH<N and Oi-g-N, summer 
increases in the concentration of both 
f i t i o n s  contributed to sunnier and winter 
p e h  in export. The annual 'IN export from 
the site was 2.3 k&a, on average, and 
varied between 0.9 and 4.5 kgha for 
diRerent study years due to variations in 
total outflow(Table 3.7) Overall, DIN 
e x p t  was mainly NH,-N(X4%). 

Parker Tract 

Mean nitrogen exports measured in 
ot~tflow horn blocks at the Parker Tract 
were very high for forested land. TN 
:sport from the block with organic soil 
:FG) was highest for ail sites surveyed 
In this report, with an average annual 
:xpon of23.9 kgha (Table 5.6). In 
:omparison, the TN export from the 
)lock with mineral soil (F3) was lower 
uid more similar to the exports froin 
)!her study sites, with an annual export 
)f 6.6 kgha. Both ofthese blocks were 
nanaged lobiolly pine forest on ditched 
oil. The S4 ontlet, with drainage from 
'locks with both mineral and organic 
[itched soil, exported 17.4 kghai4-r of 
N. The blocks draining to the S4 outlet 
re mostly managed stands and about 
'ne-third natural stands. Most of the 
N export from the monitoring locations 
"ith reliable measured outflow (and 
're"m1abiy all locationsj occurred 

wiotcr quarter due to the 

Table 5.5. Mean nuirient export (kg/ha) in outflow from the forested 
wetland site in Washington County by quarter and year. Exports 
were calculated by calendar and study year. 

.. ~ ~ ~ ~ .~~~~ . .- ..... . .- ~ .- 

Quarter/ 
Year NH,-N NO,-N ORG-N TN PO,-P TP 

Quarterly Exports 
Winier 0.13 0.05 0.94 1.13 0.001 0.07 
Spring 0.06 0.00 0.33 0.39 0.002 001 
Summer 0.13 0.00 0.65 0.78 0.002 0.03 
Foll 0.00 0.00 0.01 0.01 0.000 0.00 

Annual Total 0.31 0.06 1.92 2.30 0.004 0.12 
.~ .. ~ - 

1/94to12/94 0.12 0.1 1 0.68 0.91 0.000 0.02 
1/95 to 12/95 0.37 0.05 1.87 2.29 0.012 0.20 
10193 to 9/94 0.12 0.1 1 0.68 0.90 0.000 0.02 
10/94 to 9/95 0.37 0.05 1.86 2.29 0.012 0.20 
10!95 to 9/96 0.58 0.02 3.88 4.47 0.000 0.17 
.. .- . ~ ,. ~~ ~~,~ ~ . - 

Table 5.6. Mean nutrient exports (kg/ha) in outflow from the Parker 
Tract watersheds by quarter and site. Soil types are: (F3) mineral; 
IF6) oraanic: and (54) mineral and oraanic. 

QuarferIYeur NH,-N NOiN ORG-N TN TP 
.- .. .-.. .. ~. ~ ... 

Block F3 
Winter 0.36 1.93 0.52 2.81 0.035 
Spring 0.05 0.35 0.15 0.55 0.005 
Summer 0.06 0.36 0.1 1 0.52 0.002 
Fall 0.20 2.1 1 0.39 2.70 0.01 3 

Annual Total 0.67 4.74 1.16 6.57 0.06 

Block F6 
Winter 0.12 3.1 5 5.29 8.55 0.094 
Spring 0.17 1.12 2.12 3.4 1 0.052 
Summer 0.22 2.09 3.21 5.53 0.080 
Full 0.22 2.95 3.21 6.38 0.134 

Annual Total 0.73 9.32 13.82 23.87 0.36 

54 Outlet 
Winter 0.57 6.04 3.44 10.05 0.035 
Spring 0.19 0.70 0.82 1.71 0.01 3 
Summer 0.16 1.35 1.03 2.54 0.01 1 
Fall 0.13 1.45 1.48 3.07 0.018 

Annual Total 1.05 9.54 6.77 17.37 0.08 

high volume of runoff that occurred 
during those months (Table 3.8). 
Average annual 'IN export during the 
study period was also high during the 
summer and fall quarters due to several 
large tropical stonns during L996 to 
1998. For the block xvitli organic soil, 
most of the nitrogen occuncd as Org-N 
(5S0-b), while most ofthe TN from tile 
mineral soii block occurred irs NO,-N 

(72%)(Table 5.6). T~export?rom the 
organic soil block was higher at 0.36 k@' 
ha than fioin tlre managed forest block 
on mineral soil (0.06 k*). 

The distribution of forms and total 
exportofiiitrogen from the S4 water- 
shed reflected the mixture of inincral 
and organic soil present on the water- 
shed (Table 26). 'I'he export of TN 
(17.4 kgiha) was hetwcen that of the 



organic (F6) andmineral (1'3) blocks, as 
was the export of Org-N (6.8 kg l~a j .  The 
export of both NO3-N (9.5 kg'ha) and 
NH,-N (1.05 kgha) was slightly higher 
at the S4 ot~tlet than in drainage from 
the organic soil block, suggesting that 
reported nutrient exports at the two 
locations listed in Table 5.6 do not 
adequately represent the entire water- 
shed. Export of TP through the S4 outlet 
was low at 0.08 k u t a .  

Van Swamp and 
Pungo Lake 

The mean export of TN in outflow from 
the Van Swamp site was higher than the 
export from most of the other studies 
except for the Parker Tract. The Van 
Swamp watershed included nearly equal 
areas of managed forest stands and 
natural stands. The soils were a 
combination of mineral and organic 
soils; some were ditched and some were 
not. Annual TN export averaged 7.5 kpi 
ha for the two periods 1985 to 1987 and 
1993 to 1995 monitored by the U.S. 
Geological Survey (Table 5.7). For TN 
export. INN contributed 4.2 kglha(5456) 
to the average annual total export 
compared to 3.3 kgha for Org-N. Most 
of DIN exported (8 1%) was as NO,-N 
(3.4 kgl~a),  with Nk1,-N contrihututg 0.8 
k&a to annual export. TP export from 
Van Swamp was Sow at 0.14 kgba. 
Seasonally. the winter quarter contrib- 
uted most of the annual total for '17.1, 
Org-N, NO,-N, andTP, while the highest 
export ofNM,-N occumed in the summer. 
For the I993 lo 1995 period, 84% of the 
TN export, 75% of the Org-N export, 
96% ofthe NO,-N export, and 92% of 
the TP export occurred in the winter 
quarter when most of the runoff 
occurred (Table 3.9). In the I 985 to 1987 
monitoring period. summer storms 
contributed a large fraction of annual 
rainfall while winters were relatively drq. 
Consequently, the wintel- quarter only 
contributed 36%ofthe 71V export, 35% 
ofthe Org-N export, 50% ofthe NO,-N 

Table 5.7. Mean nutrient exports (kg/ha) in outflow from the Van 
Swamp watershed by quarter and year. 

QvarterNear NH,-N NOiN ORG-N TN TP -- . ... -~ . ~.-  ... ~ ~~ .- -~ ~ -~ ~ ~~ 

Van Swamp (1 985-1 987) 
Winter 0.1 1 1 . 1 1  0.92 2.15 0.045 
Spring 0.30 0.1 7 0.56 1.03 0.022 
Summer 0.46 0.64 0.65 1.76 0.067 
Fall 0.19 0.30 0.53 1.02 0.01 1 

Annual Total 1.06 2.22 2.66 5.96 0.146 

Van Swamp 1993-1995 
Winter 0.20 4.46 2.98 7.65 0.1 23 
Spring 0.17 0.18 0.77 1.12 0.01 1 
Summer 0.04 0.00 0.09 0.15 0.000 
Foil 0.02 0.01 0.15 018 0.000 

Annual Total 0.44 4.65 3.99 9.09 0.135 

Mean for Study Periods 
Winter 0.16 2.79 1 .95 1.90 0.08 
Spring 0.24 0.17 0.67 1.08 0.02 
Summer 0.25 0.32 0.37 0.95 0.03 
Foil 0.1 1 0.16 0.34 0.60 0.01 

Annual Total 0.75 3.44 3.32 7.53 0.14 
,... ~, ~- . . . -. - . .. .. -, . . - 

export, and 3 1% of the TP export for the 
1985 to 1987 monitoring period. 

Annual TN export 6om the Pungo 
Lake site was also high (6. I kgiha) 
compared with many of the other sites 
(Table 5.8). The Pungo Lake site was a 
natural forest on unditched organic 
soil. Very little ofthe TN export was in 
the form ofNO,-N (0.08 kgha).Al- 
though NH,-N was not measured, it is 
unlikely that NW,-N export was greater 
than 1 kgha based on data from the 
other sites. Therefore, it is likely that 
most of TN exported occurred as 
dissolved and particulate forms of O r g  

N. This would be expected from the 
deep organic soils at Pungo 1,ake. 
Annual TP export from Pungo Lake was 
0.13 kgba. 

Summary of Nutrient 
Exports 

Nutrient exports from the forested lands 
reviewed in this study were generally 
low with the exception of the nitrogen 
exports from the Parker Tract (Table 5.9; 
Figs. 5.1 and 5.2). TN exports from 75% 
of the study sites were less than 6.5 kg1 
ha'yr, wl~ile the highest annual 'IN 

Table 5.8. Mean nutrient exports (kglha) in outflow from the Pungo 
Lake site bv auarter and year. . . 
. . . --- . - .- .. . ~. ~ 

Quarterflear NH,-N NO,-N ORG-N TN TP 
-~ ~ ~ 

Quarterly Exporfs 
Winter N/A* 0.04 N/A* 2.74 0.045 
Spring N/A 0.02 N/A 2.54 0.056 
Summer N/A 0.01 N/A 0.22 0.01 1 
Fall N/A 0.00 N/A 0.62 0.022 

Annual Total N/A 0.08 N/A 6.12 0.135 

* Not measured 





export was 23.9 k g l ~ a  from the o r ~ a l ~ i c  
soil block (F6) on the Parker 'Tract. 
Annual DIN exports were less than 2.9 
kgha, and Org-N exports were less than 
4.0 ksjha for 7596 of the forested sites. 
Exports of these N constituents from 
the Parker Tract F6 site were more tf~an 
three times greater at 10.0 kgiilaiyr for 
DIN and 13.8 kgina/yr for Org-N. 
Annual TP export from all forested sites 
was less t11an 0.36 kg,ha. 

The predoniinant form o fN was Org- 
N at a majority ofthe monitoring 
locatioris from eastern North Carolina 
(I0 of 14) (Table 5.9). The exceptions to 
thispattemwereS4, Dl ,  F3, andVANS; 
annual DIN export accounted for 54 to 
82% of average TN export for those 
three sites, mainly as NO,-N. In terms of 
seasolial variations, the relative 
distribution of Org-N and DIN did not 
vary much among seasons for a given 
site. The relative contribution of NO,-N 
and NH,-N forms to DIN varied amoag 
sites, with each the predominant 
contributor to DIN in approximately half 
of the sites. However, sites with annual 
DIN export of more than I .  1 kgiha had 
NO,-N as the dominant form. 

Seasonal variation in outflow from 
the forested sites played an iinportant 
role in scasonal nutrient export. For a11 
ofthe study sites, maximumtN export 
occurred during the winter when 
o~~tf low typically accounted for more 
than 44% (25th percentile) of the annual 
total. The same was true for I P  export, 
with the exceptions of blocks Dl and 
F6, whereI'1' exports were highest 
d u r i n ~  the fall. and TI 02, where TP 
exports were the same in winter and fall. 
For the spring through fall qtrarters as a 
whole, nutrient expons did not show 
ally corlsistent pattern across sites or 
among years. At some of the sites (e.g., 
Parker Tract S4 watershed), seasonal 
pcaks in  nutrient export were observed 
dilririg summer or fall quarters associ- 
ated with greater outllo\t followitig 

0.00 L - - - i - - - -  I 
Winter Spring Summer Fall Annual 

Winter Soen0 Summer Fall Annual 

I wmter S P ~ W  summer FSII ~ n n u a i  I 

Figure 5.1. Distribution of mean seasonal exports for TN, DIN, and 
Org-N (see Table 5.9). The box and wisker plots show values for 
1 Oth, 25th, 75th,and 90th percentile rankings. 

hurricanes and tropical storms. For rainfall. These variations in reported 
other sites (Tyrrell Cotmty sites and nutrient exports during the spring, 
Pungo Lake), high nutrient export sommer, and fall quarters largely 
occurred during the spring quarter reflected the seasonal distribution of 
associated with years of high spring rainfall during the study years. 
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Figure 5.2. Distribution of mean seasonal exports for NO,-N, NH,-N, and Total-P (see 
Table 5.9). The boxand wisker plots show values for loth, 25th, 75th, and 90th 
percentile rankings. 



SECT ION 6 - DISCUSSION 

The studies presented in this report 
represent a wide range of forest 
conditions that exist on the flat divides 
between coastal strcarns and rivers on 
the North Carolina coastal plain (Fis. 
6. I f .  'Thirty different soil series are 
represented in these studies, ranging 
from mineral to deep orgarlic soils. 
These soils can exhibit a wide range of 
chemical and physical properties, which 
affect l~ydraulic conductivity and 
nutrient cycling. Soil hydraulic conduc- 
tivities for different stands ranged from 
less tllan I to more than 100 ctnihr. 'This 
range of hydraulic cotiductivities, 
combined with the variety of drainage 
networks at many of the study sites, 
resulted in a wide range of drainage 
intensities. Other potentially important 
factors affecting nutrient exports were 
site vegetation and site location relative 
to domiwant geological features. Amo11g 

the different study sites, vegetation 
varied from low pocosin vegetation to 
mixed natural pine and hardwood stands 
lo managed loblolly pine plantations. 
This range in site characteristics resulted 
in considerable variation in nutrient 
concentrations and export rates. 

Whitedifferingsite characteristics 
result in site-to-site variations, differing 
weather patterns can result it1 large 
seasonal and annual variations of 
outflow rates, nutrient concentrations, 
and nutrient exports across all sites. 
Any interpretalion of reported results 
fioln individual studies, therefore, 
needs to be done in the context of 
weather patterns during the study 
years. 'The studies presented in this 
report covered a lengthy period of time 
(25 years) that represented a wide range 
of weather patterns. This range of 
weather patterns ress~lted in significant 

annual and seasonal variation in 
rainfall; some seasons had less than 160 
tnln ofrainfall. reflecting drought 
conditions, while others had more than 
640 mm in seasons that experienced two 
or three tropical storms or hurricanes. 
Since the studies reported here were 
conducted at different times over the 
past three decades, variatiot~s in 
weather patterns potentially confound 
the evaluation of outflow rates, nutrient 
concentrations, and nutrient exports 
associated with site differences. 

Effects of Soil 

Variations in the organic content of t l ~ e  
soil can affect both the hydrology and 
nutrient export from a forested site. 
While the amount ororganic content in 
soil can affect hydraulic conductivity 
and, thus, the subsurFace dra ina~e rate 

Mineral ,, Organic j Soil Soil 

Figure 6.1. Conceptual drawing of the North Carolina coastal plain showing the range of conditions that 
occur in the landscape. The point shown here is that a forested site can exist anywhere along the 
gradients of soil organic content, drainage intensity, and forest vegetation. 
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Figure 6.2. Study sites sorted by ascending mean concenhcltions of TN 
and TP in o d o w  during winter quarters. The sites are divided into 
mineral and organic s&ls.   umbers above the bars indimte paired sites. 

and volume, other factors such as soil 
structure and age also greatly afkct 
hydraulic conductivity; mineral and 
organic soils both can exhibit high or 
low cotlductivity. The amount of 
organic material in a soil has a geater 
potential to affect the amotknt and forms 
of nutrients exported. Two approaches 
were used here to evaluate the impor- 
tance of a site characteristic, in this 
case soil organic matter, on nutrient 
concentrations and exports: (1) site data 
were grouped according to the at- 
tribute; and (2) paired watershed results 

were examined. An important limitation 
that must be considered is that varia- 
tions in site characteristics are not 
"black and white," as gouped in our 
simple categorization, but rather 
typically occur as gadients between 
extremes (Fig. 6.1). For instarlce, some 
organic soils have a geater organic 
content than others. Evaluating the 
adequacy of available data to determine 
site effects is an essential component of 
the comparisons discussed. 

Total nitrogen (TN) concentrations 
were on average higher from study 

plots 011 organic soils than fiom plots 
on mit~eral soils(Fig. 6.2). Five ofthe six 
highest concentrations observed 
during the winter quarter were from 
sites on oreanic soils; however, IN 
concentrations from three sites 01% 

organic soils were alnong the lower 50% 
of the sites, indicating that the presence 
of organic soil does not necessarily 
cause high TN concentrations in 
drainage water from forested lands. The 
site con~parisons shown here focus on 
the winter period because data were 
available from more sites during that 
season. In all cases where sites were 
paired within a study, the highest 1'N 
concentrations came from sites on 
organic soils (Tl07,T103~Tl02; FS- 
F6>FI-F3-F8; B>D). Further, the 
presence of organic soils as a minor 
component of several tracts categorized 
aspredorninantly mineral (e.g., fiY 15, 
VANS, and BP) tnay explain the rela- 
tively high winter TN concentrations 
observed at those sites. 

Higher concentrations of TN from 
forests on organic soils were clearly a 
result of higher concentrations of Org-N 
draining from the organic soils (Fig. 6.3). 
Ten of the highest I1 Org-N concentra- 
tions observed were from sites catego- 
rized as predon~inantly organic soils. 
Further, the top four predominantly 
mineral sites (VANS, BP, HA I, and HY 
1.5) had organic soils as a minor 
component. DIN concentrations were 
more variable among organic soils. Four 
of the six highest DIN concentrations 
observedtsere fiom sites with predomi- 
nantly organic soils, but four of the seven 
lowest DM concentrations were also 
categorized as organic. This variable 
pattern in DM iunong organic soil sites 
indicates that net mineraliration of Org-Ed 
to NH,-N is controlled by factors other 
than the organic nature'of the soil. 

Total phosphorus (TP) concenfra- 
tions during the winter season uere 
also trigher, on average. from the study 
plots on predominantly organic soils 
than from plots on n~ineral soils (Fig. 
6.2). Four ofthe six highest concenba- 
tions observed were from sites catego- 



rized as organic. Examining the paired 
watershed comparisons in the database. 
as with 'IN, supports the general 
pattern of higher 'fl' concentrations 
from forested watersheds with predomi- 
nantly organic soils f T  101, T107>T102; 
FS-F6WI-F3-F8; Dl>). 

Effects of Drainage 
Intensity 

The drainage characteristics of a 
forested site can also affect the 
hydrology and nutrient export from the 
site. The addition of field ditches 
improves subsurface drainage on a site; 
however, the amount of improvement 
greatly depends on the hydraulic 
conductivity of the soil. For instance, 
field ditches were present at the Parker 
Tract sites and at the Tyrrell County 
TI02 and TI07 sites, but the Parker 
Tract sites had much better subsurface 
drainage due to the very high hydraulic 
conductivities of the soil. Most of the 
water draining from a well-dlained 
(often ditched) forested site will he 
subsurface drainage water That is, the 
drainage water will travel through the 
soil profile to the drainage outlet. In 
contrast, drainage water from a poorly 
drained site will he through surface 
drainage or shallow subsurface flow. 
Tlie resulting hydrologic characteristics 
of sites with contrasting drainage 
intensity are illustrated in Figure 6.4; 
water table depth and drainage volume 
are compared for a well-drained (Dl) 
and a poorly drained (WI j forest stand. 
In the poorly drained forest, periods of 
outflow occurred when the water table 
rose above the soil surface (Fig. 6.4a), 
with water moving across the soil surface. 
Outflow from the well-drained site was 
also linked tothe watertahle (Fig. 6.4b), 
but outflow began when water rose 
above the drain elevation for the ditch 
network rather than tlie soil surface. 

The route that water takes to the 
drainage oiitlet bas the potential to 
affect nutrient concentrations and total 
exports. Water tliat travels through the 
soil prolile will transport soluble forms 

l study Site I 
Figure 6.3. Study sites sorted by ascending mean concentrations of 
DIN and Org-N in outflow during winter quarters. The sites are 
divided into mineral and organic soils. Numbers above the bars 
indicate paired sites. 

of nitrogen (NO,-N, NH,-N, and 
dissolved Org-N) and phosphorus 
(PO,-P and dissolved Org-P), while 
sttrface flow may have a greater 
proportion in p t icula te  forms. How- 
ever, soluble forms of N and P may still 
predominate in surface outflow from the 
low-gradient coastal plain forests in 
eastern North Carofma (e.g., Lebo and 
fiernnann, 1998). The depth ofthe water 
in the soil profile affects the microbial 
processes that transfonn nutrients 
among the different fonns. for exatnple, 

poorly drained soils often exhibit 
anaerobic conditions in the soil profile, 
which increasesjhe potential for 
denitriftcation. Subsurface drainage 
through these anaerobic zones may 
contairi lower concentrations of TN due 
toN0,-N loss ormay simply maintain 
dissolved nitrogen as Org-N and NH,-N. 

711e summary plots of winter average 
niitrient concentrations from all sites 
iridicatc that TN, DlN, Org-N, and TP 
are generally higher in outflolv froin 
drained forests coliipared wit11 undrained 
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Figure 6.5. Study sites sorted by ascending mean concentrations of TN and TP in 
outflow during winter quarters. The sites are divided into sites that are primarily 
ditched and sites that are unditched. 



Table 6.1. Mean annual nutrient and dissolved oxygen concentrations 
from subwatershed pairings of similar soil types--ditched vs. unditched. 
The subwatershed on the left is ditched (B, HA3, T107).Values are the 
mean of quarterly averages reported in Section 4 in mg/L. 

Parameter 
- - 

NH,-N 
NO,-N 
DIN 
Org-N 
Total N 
Total P 
DO 

I Isaac Creek 
I 

Crowan/ Tyrrefl Ewnfy 
Sites / craven40 Sites 

sites (Figs. 6.5 and 6.6). Because of the 
strong dependence of outflorv nutrient 
conce~itrations on general soil type and 
the limited number ofunditched sites 
(n=6), the general patterns suggested in 
Figures 6.5 and 6.6 need to be validated 
by paired groupings of watersheds of 
similar soil type. 

Table6.1 provides mean annual 
nutricnt and dissolved oxygen concern- 
tio~is for the three paired grottpings of 
subwatersheds with similar soil types and 
physiognphic settings. No increases in 
mean concentrations of DIN, TN, and TP 
associated with drainage systems were 
consistently observed for the three sets 
of paired subwatersheds. In fact, the TN 
concentration was actually consistently 
higher in drainage f?om the unditched 
sites. For the paired sites witli dissolved 
oxygen (DO) measurements, DO in 
outflow from the unditched forest blocks 
was lower than from ditched sites. This 
finding supports a greater potential for 
denitriftcation at unditched sites due to 
the presumably higher water table. The 
results of these paired comparisons do 
not conclusively demonstrate that 
installation of drainage systems has no 
impact on outflow nutrient concentrrt- 
tions among the diverse forested 
physiographic settings in eastern North 
Carolina, but they bring into question the 
general pattern suggested by data from all 
sites. The apparent higher 'IN, DIN, and 
TP concentrations for ditched sites 

Block B Block UD 
.~ .- .. .~ 

0.021 
C 0.063 . 0.096 ' 0.020 

appear, at least in ptnfl. to Ix a restilt of 
general site differences across tile 
subgrouping (ditched vs. unditched) 
rather thai an actual effect associated 
urith erihanced drainage intensity 

0.083 
0.70 

Vegetation 

0.1 16 
1.13 

Variations in forest vegetation can 
affect the overall hydrology by modify- 
ing the evapotranspiration (E'I') at tile 
site and; hence, oittflow volume 
downstream. For instance, younger 
stands or shorter. more shrubby 
vegetation will result in lower ET than 
older and taller stands; consequently, 

0.78 1.25 
0.081 0.043 
6.04 1 5.65 

Study Site 

Figure 6.6. Study sites sorted by ascending mean concentrations of DIN 
and Org-N in outflow during winter quarters. The sites are divided 
into sites that are primarily ditched and sites that are undikhed. 



outflow volun~e will be higher from 
stands with shrubhy vegetation such 
as TI04 andT107. Also, variations in 
forest species could affect nutrient 
cycling due to differences in nutritional 
requiremet~ts and tlie seasonal water 
table. Differences in both biological and 
l~ydrologic processes ainong forest 
stands due to variation in vegetation 
have not been well quantified but are 
unlike13 to have a large impact on 
nutrient export. Nutrient concentration 
data compiled in this study were 
grouped according to the dominant 
vegetation type (natural vs. managed 
pine) to evaluate wliether ally consis- 
tent patteriis emerged. Table 6.1 also 
presents data that provide comparisons 
between paired watersheds. 

For the larger database, there were 
differences in DIN, TN, and 'rP concen- 
trations for the grouping of sites based 
on natural vs. pine plantation vegeta- 
tion. with higher concentrations in 
outflow lioin pine plantations (Figs. 6.7 
and 6.8). Mean values of TN and TP 
across sites were 1.73 and 0.06 mdL, 
respectively, for managed pine stands 
compared with 1.3 1 and 0.04 rnp,'L, 
respectively, for natural stands. While 
these incan values indicate potenfial 
differences in TN and TP concentra- 
tions associated with vegetation. the 
differences were not significant 
(Student's test) and were not sup- 
ported by results from the hvo sets of 
paired watersheds (Table 6.1 ; UD, CR43, 
T104, and TI07 had natural vegetation). 
For Org-N, there was no clear sorting of 
sites by vegetation type (Fig. 6.8). 
Because of the lack of consistency 
hetween the overiili database and the 
two paired site comparisons, it i s  likely 
that the apparent differences are 
associated, at least in part, with other 
site factors that are not consistent 
across the two vegetation groupings. 

Physiographic Location 

The location of a site on the coastal 
plain may affect hoth the hydrolog) 
and iikitric~it cycliiig fri1111 (hrested 
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study sit* I 
Figure 6.7. Study sites sorted by ascending mean concentrations of TN 
and TP in outflow during winter quarters. The sites are divided into 
sites that have primarily natural vegetation and sites that are pine 
plantations. Numbers above the bars indicate paired sites. 

lands. One factor directly affected by 
location is average rainfall during the 
summer (e.g., Eder et al., 1983). As the 
distance of a given location from 
Albernarle and I'amlico soc~rids in- 
creases moving inland, the frequency of 
su~nmertime convective storms atid tlie 
likelihood of direct impacts from tropical 
storms decrease. Thus, sites on the 
outer CORSIBI plain receive approxi- 
mately 50% rirore rain in summer tllatl 

inland locations near the piedmont do. 
Another physiogaphic factor is 
variation in geological fannations such 
as the Suffolk Scarp, where preliistorical 
beach fronts diking past ice ages 
helped shape the soil profile. Thcse 
variations in overall site conditions {nay 
affect the drainage characteristics for 
the site and may partially explain 
differences observed in notricnt 
concentrations among sites. 
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Study Site 

Study Site i 
Figure 6.8. Study sites sorted by ascending mean concentrations of DIN and Org-N in 
outflow during winter quarters. The sites are divided into sites that have ~rimarilv 
natural vege&tion and sites that are pine plantations. Numbers above the bars ' 
indicate paired sites. 
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Figure 6.9. Distribution of study sites showing the mean winter 
quarter concentrations of TN and TP in outflow from each site. 

The mean TN and TP concentrations 
in water draining from the forested sites 
compiled in this review for the winter 
quarter were plotted geographically to 
evaluate whether concentrations were 
related to location (Fig. 6.9). No 
consistent east-west or north-south 
gradients in nutrient concentrations 
were identified. A large number of sites 
had meair concentrations of TN and TP 

of less than 1 and less than 0.04 mgiL, 
respectively, for tlle winter quarter. For 
the Neuse River basin, five of seven 
locations bad mean TN conceentrations 
of less than 1 mgiL; the exceptions were 
Bates 13ay (2.21 mg/L) and the Big 
l'ocosin (I .65 my?,). The same pattern 
of infrequently higher TN and TP 
concentrations during winter months 
was also observed in other basins in 

eastem North Carolina. It is notable, 
however, that the two sites \vith the 
highest 'TN concentrations (Parker and 
Morrison tracts) are locatcd immedi- 
ately east of the Suffolk Scarp on 
organic soils (see below). Overall, it 
appears that variation in general site 
characteristics, such as soil organic 
content, appeared to have a greater 
effect on nutrient concentrations across 
the sites than general placemerit in the 
landscape did. 

The elevated TU concentratiotrs 
observed at the Parker and Morrison 
tracts rnay be related to site characteris- 
tics associated with the eastern margin 
of the Suffolk Scarp. Elevated TN 
concentrations at the Parker 'Tract were 
made up of a persistent elevation of 
Org-N and fluctuating concentrations 
of NO,-N (Figure 6. lo), with peaks in 
NO,-N concentration following a 
definite hydrological pattern. The 
highest concenhations of NO,-N 
occurred when flow resumed after a 
prolonged dry period (e.g., days 500 to 
700) and occurred early in the 
hydrograph. This pattern is consistent 
with a first flush phenomenon that has 
been described at other forested sites 
(Amatya et al., 1998; Schreiber et al., 
1976) and is indicative of an accumula- 
tion of Org-N mineralization products in 
the soil during the dry period. Data from 
the Weyerhaeuser surveys of fixested 
sites across eastenl North Carolina 
during 1998 to 2000 provide evidence 
that the hydrologic pattern in NO,-N 
concentration observed at the Parker 
Tract S4 outlet is typical for forest sites 
in the regiorl (M. Lebo, unpubl. data), 
but the Parker Tract renresents the 
extreme case for NO,-N and 'TN losses. 
One component shared by the hvo sites 
is high drainage intensity diie to the 
combination of drainage ditches and 
higli soil hydraulic conductivities. 
These high hydraulic cond~rctivities are 
likely due to surface organic soil layers 
overlying subsurface sand layers, 
presomably relics of prehistoric beach 
fronts. It is possible tlrat a deeper 



gowing-season water table at these 
two sites due to their well-drained 
condition may enhance the mineralira- 
tion of soil organic matter, leading to 
higher coi~centrations of TN in drainage 
water. A contrasting example is the 
poorly drained conditions at sites T104 
and T107 in'fyrrell County where much 
lower DIN and T'N concentrations were 
reported (Table 4.13). Additional 
research needs to be done to better 
understand how elevated TN concen- 
trations at the Parker and Monison 
tracts may be related to drainage 
intensity and to identify other impor- 
tant site conditions not accounted for 
in our simple groupings (e.g., soil N 
content). 

Nutrient Exports 

The export of nutrients in forest 
drainage combines outflow volume and 
nutrient concentrations in the drainage 
water. In the studies reported here, 
contrasting spatial and temporal 
patterns for hydrology and nutrient 
concentrations emerged. It is clear from 
the inore than 100 site years' data that 
most of the variation in nutrient 
concentrations among sites is due to 
site characteristics, with soil organic 
nature being a dominant factor. In 
contrast, most of the variation in 
drainage volume among years and 
studies appeared to be related to 
weather patterns. Thus, nutrient 
concentrations mostly vary in space 
(site-to-site), and drainage volumes 
mostly vary in time (season-to-season). 

Average annual TN exports deter- 
mined in the forested study sites 
reviewed in this report ranged from 2.3 
to 23.9 kgihaiyr(Tab1e 5.11). However, 
annual TN exports were less than 7.5 
kglha for all sites reported except those 
from tlie Parker Tract on organic soils. 
Export ofTN from the Morrison Tract is 
also presumed to he high hut not 
estimated due to incomplete seasonal 
data. Annual TN export values from 
forested stands in the I'arker Tract on 
organic soils were in the range typically 
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Figure 6.10. Cumulative runoff and concentrations of (a) Org-N and 
(b) NO,-N measured at the Parker Tract S4 site for 1996 to 1998. 

reported for agricultural croplands in 
eastern North Carolina with conven- 
tional drainage (Evans et a]., 1995). In a 
summary of 125 site years of field data 
from agricultural studies in eastern 
North Carolina, Evans et al. reported 
average annual TN exports of 3 1.1 and 
13.8 kgil~a, respectively, from agricul- 
tural lands with improved subsurface 
and surface drainage. Similarly, 
Chescheir et al. (1996) reported an 
average annual TN export of 20 k@%a 
from a three-year experiment on 

agricultural sites with conventional 
subsurface drainage. The predicted 
range of TN exports reported for 
agricultural lands in eastern North 
Carolina is 8.6 to 44.4 kg.haiyr based on 
a modeling study for cropland condi- 
tions representatice of practices in the 
region(Chescheiret al., 1990). With the 
exception of the Parker Tract, all ofthe 
forested sites had reported exports 
below the predicted range for croplands. 

Annual TP export from forested sites 
ranged frorn 0.05 to 0.36 kgka. These 



TP export values are only sligtrtly lower 
than TP export values reported from 
agiculttiral lands in the region (Evans 
et al., 1995). Generall~: IPexpoflfrom 
croplands in the coastal plain is low 
due to the flat topography and low 
sediment losses. Evans et al. reported 
average annual TP export rates of 0.21 
and 0.48 kgiha, respectively, from 
agricultural lands wiffi improved 
subsurface and surface drainage. One 
notable bias in the database of site 
years from croplands is that most of the 
data was from mineral soils. It i s  likely 
that TP export from croplands on 
organic soils is higher than the range 

reported by Evans et al. For example, 
Chesclheir et al. (1990) predicted the 
nnge of 'JP expons from convention- 
ally drained agticulturdl lands was 0.07 
kg~hai)~ for improved subsurface 
drainage on mineral soil to 0.86 k@%aiyt 
for improved surface drainage on 
organic soil. 

Seasonal hydrology was found to 
play an important role in nutrient export 
rates. In all of the studies reported, a 
large fraction of annual TN export 
occurred during the winter quarter 
concurrent with elevated outflow. The 
same was true for TP exporl, except for 
the Carteret Dl  site and the Parker Tract 

F6 block, where TI' export was highest 
in tlie fall. Another hydrologic factor 
affecting the seasonal distribution of 
nutrient exports was elevated nutrient 
expom in tlie summer or fall quarter in 
years with large tropical storms and the 
associated excessive rainfall. This was 
particularly true for TN and NO,-N 'om 
the Parker Tract in 1996 when high 
outflow associated with three tropical 
storms flushed accumulated NO,-N out 
of the soil profile during the fall rather 
than during the winter. Elevated losses 
of TP were also reported during the 
summer and fall seasons at some sites. 
Spring was usually the season with the 
lowest nutrient export. 
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Alphabetical List of 

Soil Series that Occurred on the Forested Sites 

Arapahoe - Coarse-loamy2 mixed, 
semiactive, nonacid. thermic '@pic 
Humaquepts. 

Argent - Fine, mixed, active, thermic 
Typic Endoaqualfs. 

Bayboro -Fine, mixed, semiactive, 
thennic Umbric Paleaquults. 

Belhaven - Loamy, mixed, dysic, thermic 
Terric Haplosaprists. 

Bethera - Fine, mixed, semiactive, 
thermic Typic Paleaquults. 

Brookman - Fine, mixed, superactive. 
thermic Umbric Endoaqualfs. 

Cape Fear- Fine, mixed, semiactive, 
thermic Typic Ilmbraquults. 

Croatan - Loamy, siliceous, dysic, 
thermic Tersic Iiaplosaprists. 

Dare- Dysic, thermic Typic 
13aplosaprisis. 

Deloss - Fine-loamy, mixed, semiactive, 
thermic Typic Umbraquults. 

Grifton - Fine-loamy, siliceous, 
semiactive, tl~ermic'rypic 
Endoaqualfs. 

fcaria - f ine-loamy over sandy or 
sandy-skeletal, siliceous, semiactive, 
thermic Typic Umbraqoults. 

Leaf -Fine, mixed, active, thermic Typic 
Albaqtmlts. 

Lynchburg - Fine-loamy, siliceous, 
semiactive, thermic Aeric 
Paleaquults. 

Masontown - Coarse-loamy, siliceous, 
active. nonacid, thermic Cumulic 
fiumaquepts. 

Muckalee - Coarse-loamy, siliceous, 
nonacid, thermic Typic Fluvaqi~ents. 

Murvilfe -Sandy, siliceous, thermic 
Umbric Endoaquods. 

Pantego - Fine-loamy, siliceous, 
serniaclive, thermic Umbric 
Paleaquults. 

Pettigrew - Fine, mixed, semiactive, 
nonacid, thermic FIistic Iiumaquepts. 

P o n ~ e r  - Loamy, mixed, dysic, thermic 
'l'erric Haplosaprists. 

Portsniouth - Fine-loamy over sandy or 
sandy-skeletal, mixed, semiactive, 
them~ic Typic Umhraquults. 

Pungo- Dysic, thermic Typic 
Haplosaprists. 

Rains - Fine-loarr~y, siliceous, 
semiactive, thermic Typic 
Paieaquults. 

Roanoke- Fine, mixed, semiactive, 
thermic Typic Endoaquults. 

Stockade - Fine-loamy, mixed. 
superactive, thermic Umbric 
Endoaqualfs. 

Tomotley - Fine-loan~y, mixed, 
semiactive, thermic Typic 
Endoaquults. 

Torhunta - Coarse-loamy, siliceous, 
active, acid, thermic Typic 
Humaquepts. 

Wa.sda - Fie-loany, mixed, semiactive, 
acid. thennic Histic fiumaquepts. 

Weeksville - Coarse-silty, mixed, 
semiactive, acid, thermic Typic 
fhnaquepts.  

Woodington - Coarse-loamy, siliceous, 
semiactive, thermicTypic 
Paleaquults. 




