
N. B, The au tho r s  r e g r e t  t hac  many e r r o r s  escaped c o r r e c t i o n  i n  
t h e  f i n a l  proof-reading, and a l s o  t h a t  e a r l f e r  e d i t i n g  of t h e  
t y p e s c r i p t  f a i l e d  t o  d e l e t e  f r a c t u r e d  syntax ,  dangl ing mod i f i e r s ,  
o t h e r  ob jec t ionab le  i tems ,  o r  t o  r e p a i r  f a u l t y  grammar and m i s -  
p laced punctua t ion .  The r e a d e r ' s  a t t e n t i o n  i s  c a l l e d  t o  t h e  
fo l lowing  p a r t i a l  l i s t  s f  e r r o r s  i n  t h e  hope of c l a r i f y i n g  t h e  
intended meaning of t h e  t o p i c s  d iscussed:  

Po X I n  t h e  cap t ions  f a r  F igures  52 and 53 and a t  s e v e r a l  
p l a c e s  in t h e  r e p o r t  Horner Ford appears  a s  Horner 
Foard i n  e r r o r ,  

p. x v i  Second pa.ragraph, l i n e  6 ,  change "acqui fers"  t o  "aqui fe rs" .  

Map fo l lowing  p .  xx Creek i n  lower left of map i s  Horner Ford n o t  
Harper Ford. 

Po 2 Line 3 ,  i n s e r t  a  cormna a f t e r  "'channel". 

p.  42 Second paragraph,  Pine 2 from bottom, i n s e r t  semicolon 
a f t e r  t he  word "er ror"  i n  p l ace  of c o m a .  

p .  48 Hyphenate 'Thi r ty-year"  i n  t i t l e  of Table 5 and c o r r e c t  
l a s t  column heading t o  Rat io  of Net Change: T o t a l ,  
changing a c r e s  t o  %. 

p. 85 Caption f o r  F igure  26 ,  f i r s t  paragraph,  l a s t  l i n e  
s u b s t i t u t e  "than" f o r  "then". 

p. 104 Line 9 should read " . . . ,  mountain hardwoods, Merr ick and 
Johnson ( l952) ."  Line 1 0  d e l e t e  "and 'ba t  s t a r t  of l i n e .  

Third paragraph,  l i n e  3 ,  i n s e r t  "comparing" a f t e r  "even". 

Line 2 of foo tno te  should begin  ""i c l e a r i n g  land ,  ..." 
Line 13 ,  change "or" t o  "of". 

Second paragraph,  l i n e  5 ,  i n s e r t  "stand" a f t e r  "aspen". 

Line 13 ,  change "absorbed" t o  "adsorbed". 

P i c t u r e  i s  on i t s  s i d e  and r e f e r e n c e  t o  F igure  60 i n  
cap t ion  should be t o  F igure  59. 

Line 3 from bottom, i n s e r t  "preceding" a t  end of l i n e .  

Line 3 from bottom change " o f t ' t o  "or". 





N .  3. The au tho r s  r e g r e t  thar many e r r o r s  escaped c o r r e c t i o n  i n  
t h e  f i n a l  proof-reading, and a l s o  t h a t  e a r l i e r  e d i t i n g  of t h e  
t y p e s c r i p t  f a i l e d  zo d e l e t e  fracsured syntax ,  dangl ing mod i f f e r s ,  
o t h e r  object ionabPe items, o r  t o  repa i r  f a u l t y  grammar and m i s -  
p laced punceuatfsn,  The reader's a t t e n t i o n  i s  c a l l e d  t o  the 
folPowing p a r t i a l  Efsr of e r r o r s  in t h e  hope of c l a r i f y i n g  t h e  
intended meaning af t h e  cop i e s  d i scussed:  

Po X i n  t h e  capcfons f o r  F igures  5.2 and 53 and a t  s e v e r a l  
p l a c e s  i n  the  r e p o r t  Warner Ford appears  a s  Rorner 
Poard i n  e r r o r ,  

p. x v i  Second paragraph, l i n e  6, change "acquif ers" t o  "aqui fers" .  

Map fo l lowing  p ,  xx Creek i n  lower l e f t  of map is Hsrner Ford n o t  
Harper Ford. 

Line 3 ,  i n s e r c  a c o m a  a f t e r  "chailneIs', 

Second paragraph,  l i n e  2 from bottom, i n s e r t  semicolon 
a f t e r  t he  word ''errorq' i n  p l ace  of crsm.a. 

Hyphenate "Thfrty-year" i n  title of Table 5 and c o r r e c t  
l a s t  colurm heading t o  Ra t f a  of Net Change: T o t a l ,  
changing a c r e s  t o  %, 

'\ 

Caption f o r  F igure  26,  first paragraph,  East  P ine  
s u b s t i t u t e  v'than'q f o r  'ktherr", 

Lfne 9 ehculd read  ",,,, mountain hardwoods, Merr ick and 
Johnson $19%2) ,"  Line 96 d e l e t e  "'and" a t  s t a r t  of S ine .  

T h i r d  paragraph,  Pine 3 ,  i n s e r t  "'comparing" a f t e r  "even". 

Line 2 of foo tno te  should begin " in  c l e a r f n g  l and ,  ..." 
Line  3.3, -hange ""ors' t o  r 9 ~ f r r 0  

Second paragraph,  Xime 5 ,  i n s e r t  "s tandrs  a f t e r  "aspen". 

Line 13, change "absorbedqB t o  

P i c t u r e  i s  on i t s  s i d e  and r e f e r e n c e  t o  F igure  60 i n  
cap t ion  should be t o  F igu re  59. 

Lfne 3 from bottom, i n s e r t  "preceding" a t  end of l i n e .  

Lfne 3 from bottom change "sf" t t s  "or"', 
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ABSTRACT 

A study of ehe Lake Miehfe Watershed, the ssurce of water 

for the mvnxcipalfzy of Dxrham, Norch Carolina, is reporcede 

The study was concerned with evaluating the effects sf fand 

use on water quality, quantity and timxng of flow durnng the 

43-year period since the establfshmen~ sf t h e  Pske, 

The characterfstrc csmposftion af the s o l l s  and the 

vegetarive cover and %hen influence on the hydrology of 

the besm are discussed, 

Through the interpretat~sn sf aerial photographs, 

Agrieulrurai Census Data and other historic doeumenzs, ehe 

nature sf fand use changes wfthfn the watershed have been 

traced, An fn~erpre~atasn sf the influence of these land 

use changes fs offered. 

Current status of the watershed is detailed and 

recommendations presented for improving the quaEfzy of the 

water and the general hydrologic eharaeteristics of rhe 

watershed. 

The study highltghts the problems encountered by a 

Water Resources Department that must manage water avafXab$lity 

on a watershed where LC is not the major Land om-ier. 
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SUMNARY AND CONCLUS EONS 

An inves t fga t f s r ;  w a s  undertakeiz, beginning in t h e  summer 

of 1968, t o  determine e f f e e e s  s f  l a n d  u s e  on water q u a l i t y ,  

q u a n t i t y  and nmfng  of flow from t h e  Lake Miehie Wazershed 

which 2% t h e  sou tee  cf  water f o r  %he municnpai i ty  of Durham, 

North @ars1;naC The watershed wrnprfsee -168 s q a s r s  mi l e s ,  

Paeed b y  296 mIPes of s t ream channels cf PSar BSver and f t s  

r e s e r v o i r  behind an 81-fssc  high dam campicted i n  1926 nea r  

Changes i n  land use  v e r e  deserrnfned chlefEy from i n t e r p r e -  

t ae fon  s f  s i x  e a t s  s f  a e r f a l  photographs, beginning wi th  ehe 

f f r s t  f l f g h r  i n  1938, and endmg i n  1976 A s tudy i n  1936-33 

b y  t h e  Soil Gonserva t im Service (Martin and Bass, 1940)  of 

e ros ion  and r e f a ~ e d  land use  condftfons furn ished  va luab le  base 

po in t  f n f s r r n a t t m  f o r  r h f s  i n v e s ~ i g a t i o n ,  Enformation from the 

a e r f a l  phsrographs was suppfemenzed by i n t e n s i v e  ground 

reeonnalssance s f  p o r t i o n s  of rhe  drainbge b a s i n  and b y  A g r t c u l t u r a l  

Census Data f o r  Person C s u n ~ y ,  North Carol ina.  Extent  s f  r e s e r v o f r  

s ed i rnen~a t ion  was determined by d i r e c t  probing and by a se i smic  

survey,  Water q u a l i t y  was assessed  f rom Eongeime r eco rds  rnafn- 

calned by  the Department of Warer Resources of Dnrham, and t r e n d s  

f n  streamfPsw were eva lua ted  from records s f  F l a t  Rlver and DfaP 

Greek dfschasge since 1925 gs thered  by rhe  USGS, 



The inves~igatfsa h i g h i x g h t s  the probierns encauneered by a 

Water Resources Department thee must manage water avafiability, 

on a watershed over which Lk does not exereioe aoncrol, Sugges- 

tions are offered for allegialfng the eoadd%8ons rhae now exist, 

The prinefpal findings from t h f s  fnveseigatian can be 

tabulae@$ under f ive  headings: land use changes, water quality, 

drainage basfn dischargep t h e  of B U T ~ B O W ~  and the sedimentation 

Land use ehtmges: 

1, Since the :nM-1920's there has been a net increase of 

almost 15 percenr in the acreage of fouesc land wh%ch now 

occupies 6%,5  percent of the 167,200 acres of land within the 

drainage basin, However, mast of zhfs  increase occurred prfor 

to 1938 when the first sat of aerfal photos 05 the watershed 

were taken, 

2 ,  Cultivated acreage exhiblts deeadal fluctuations but 

by 1970 it occupied nearly 2 5  percent  of the waeershed, Pasture 

and PdPe land have declined slightly to about 16 pbrcent of the 

entire drainage basfn, 

3 ,  Road mileage has fncreased 15 percent in 40 years during 

which mileage of paved roads tripled, The surface sf the exlstfng 

road system now preem-pcs over two thousand acres of the watershed. 



4. Farm ponds have increased from essentially none in 1930 

to 620 in 1970, or approximately four ponds per square 

mile of watershed. Total area in farm ponds exceeds 1,270 acres. 

5. Changes in the proportion of different uses do not 

reflect the actual activity that has faken place during the 

period of study. As an example, in the 3,384-acre Dial Creek 

drainage, the pine acreage dropped from 1,115 acres in 1940 to 

596 acres in 1970, suggesting a net change of 519 acres. 

Actually, 714 acres moved out of the pine type and 195 acres 

moved into it, resulting in alterations involving over 900 acres 

of pine forest type. It would appear that activity rather than 

net change in land use should be a major consfderatfon in the 

evaluation of the hydrologic condition of watershed lands, 

6. Also in the Dial Creek watershed, the hardwood forest 

type increased from 535 acres in 1940 to 1,121 acres In 1970 

showing an increase of 603 acres in this type, but only 17 

acres maved out of the type, indicating the basic stqbilfty 

of this type under the existing mismanagement of forest lands 

within the drainage basin. In the absence of meaningful 

forestry effort, except on the Hill Forest of the School of 

Forest Resources, the forests on the Lake Michie watershed 

are gradually being converted from pine type to junk hardwoods. 



Water Quality: 

5 1. During 40 years, no trends were detected in the levels 

of pH, dissolved oxygen, alkalinity, nagnesium, sodium and 

potassium. 

2. Calcium, sulphates and chlorides did show a slight 

increase in level as did hardness, which exhibited an increase 

in variability aver time. 

3 .  Turbidity has tended to decrease, a decrease which 

has been accompanied by a considerable reduction in variability 

over time. The suggestion is that there has been a stabilization 

of conditions on the watershed reflecting improved farming 

practices and a larger proportion of the watershed under forest 

cover. This trend is evident despite the continuing sediment 

transport into streams from the road system. 

4. Road maintenance practices, solid waste disposal, 

current level of livestock husbandry, and general public use 

contribute substantially to degrading the quality of water. 

Water Quantity: 

1. Mean discharge by months over a 43-year period has 

ranged from 2,000 cfs in the low month of October to 7,700 - 
cfs in the high month of March. These values correspond to - 
mean daily flow rates of 64 cfs and 248 cfs, respectively. - - 



2 Tho Pswesf mean d a i i y  dsscharge sf 4 occurred in 

January 1934; and t h e  h i g h e s ~  mean daily dfsckarge s f  760 - cfs 

occurred i n  January 1936< 

3.  Of r he  131  b%lXlon ga l lons  of wafer thar Ps de l ive red  

a s  p rec fp i t a rnon  t o  che 107,208 zcres of watershed sn an average 

yea r ,  n e a r l y  36 b i l l i o n  gal.1sns show 3s ourflow in izhe average 

yea r ,  Under normal csndfrions, it n s  estimated t ha t  about 

th ree- four ths  s f  t h e  a~nuaP precapltat-rsa 1 s  Poet rhrough 

evapo t r ansp i r a t ion ,  is s t a r e d  f n  dsep  acquifers, o r  l e a k s  out 

of t h e  b a s i n -  

4 ,  Even dur ing  the drfesr yea r s  on xeeov i  s fnae  t h e  e a r l y  

P920fs ,  rhe discharge  from she  P%8c R i v e r  d ra inage  basfn above 

Lake Mfehfe,coupled wi th  che e x l s t f n g  resesvofr s t o r a g e  capacrty 

of over  1 l , 0 0 0  acre-feez,  has s tayed  f a r  i n  excess of Durham's 

needs,  and should remain adequate f o r  s e v e r a l  decades under 

p re sen t  o r  Pmprsved water  management, 

I, The over-all t r end  I n  discharge f rom the Plat River  drafnage 

f n  t h e  Bast f o u r  decades had been $omward, and t h e  amplitude of 

peak h igh  and low f lows has been reduced, 

2, hugrr,eneatfon of 2sw flow on an annual  ba s i s  4 s  

p o s s i b l e  eo rhe  exten"sePf nine inches sf extra wtaer; however, 



the current level of needs of the municipality relative to the 

current level of outflow does not call for such augmentation. 

Any vegetative manipulation for low-flow augmentation would 

influence the annual yield, much of which would be lost in 

overflow. 

3. Under a program of organized forest management, an 

annual yield of one billion gallons of extra water could be 

realtzed while reaping the benefits of about half a million 

dollars of stumpage receipts for the watershed landowners £ram 

annual harvests of wood from an estimated area of 1600 acres 

each year, 

4. For improving percolation, deep seepage and detention 

storage, retention a£ pines on the watershed rather than allowing 

conversion to hardwoods is favored because of more effective 

amelioration of subsoil by the root systems of the former 

species group, 

The §.e.dimen t a t ion f s sue : 

1. Based on measurements of sediment deposits in the 

reservoir, the rate of sediment production from the Lake 

Michie basin has averaged better than 266 tons per square 

mile of watershed per year, or very nearly the same rate as 

the ''muddy" Mississippi. This rate is based on direct 

sediment measures, hence, is exclusive of material last in 

aver f low. 



2. Since completion of the dam in 1926, between 10 and PI 

pereent of the original capacfty of the reservoir has been lost 

to sediments, 

3. The road system appears to be the prfncfpal source 

of current pollution from sediments. 

4 .  Sediment polEutSon eould be reduced considerably by 

fmproved road maintenance and soil stabilization practices, 

especially with regard to drainage. 



RECOMMENDATIONS 

To Improve water production and water quality from the 

Flat River drainage basin, or from any comparable watershed, 

the measures listed below would be required. It is recognized 

that the nature of the measures has been influenced by the 

specific pattern of land ownerships within the Lake Michie 

watershed, but the measures would apply equally to other 

municipal water systems where control of land use resides 

beyond the authority of the water manager. Several recomrnen- 

dations are appropriate to any watershed, while others apply 

directly So watersheds that have ownership patterns similar 
1 

to that of the Lake Michie watershed. 

1. Improve road maintenance practices, stabilize 

cuts and shoulders and direct road drainage through filter 

strips rather than directly into a stream. 

2 .  Obtain control over livestock access to streams, 

particularly to prohibit the establishment of hog wallows 

astride live streams. 

3 ,  Develop controlled waste disposal sites at safe 

distances from drainage channels of the stream system. 

4 .  Encourage land use conversion practices that 

take maximum advantage of soil improvement provided by 

decaying tree stumps which aid in deeper percolation of 

water into soil. 
6 



5. Acquire, or obtain control of, well-vegetated filter 

strips adjacent to all live streams and the lake. 

6. Establish stands of loblolly and shortleaf pine 

along the lake shore to create a more trafficabfe margin around 

the lake. 

7 .  Encourage better forestry practices on the part of 

the land owners as a means of obtaining favorable hydrologic 

conditions as well as creating an economic resource for the 

land owner. 

8. Hire a professional forester to promote 

forestry activities on the watershed and to act. in an 

extension capacity to the land owners, 

9. Construct a stilling pond at the head of the lake 

to control further movement of sediment deposits into the 

lake. 











Chapter I 

INTRODUCTION 

"Search for TRUTH is in one way hard, and in another easy, for it 
is evident that no one can master it fully, nor miss it wholly, but each 
adds a little to our knowledge of Nature, and from all the facts assem- 
bled, there arises a certain grandeur." 

---8ristotle (Circa 330 B.C.) 

Municipalities in the Piedmont province of North Carolina, in 

general, are heavily dependent on reservoir storage for their warer, 

the supply of which is maintained by streamflow from gpeclfic drain- 

age basins or watersheds. The quality, timing and amount of streamflow 

issuing from given watersheds, thus, should be a focal point of concern, 

for these elements of streamflow are influenced by the use, treatment 

and types of management of all lands within the watersheds, 

Streamflow, of course, is maintained by precipitation, It is 

recognized that of the total precipitation fafling on a watershed, a 

certain amount returns to the atmosphere directly through evaporation 

or is used by the vegetation; a portion is stored within the basin, at 

least temporarily; depending on geologic formations, a portion may be 

transferred - vfa deep seepage to another basin; and the remainder reaches 

the channel of the stream mainly either by overland flow (i.e., surface 

runoff), by subsurface flow (i.e., flow through the soil mantle) or both, 

Stormflow, or the observed increase in volume of flow associated with a 

given storm, is always a resfdual, something less than gross precipita- 

tion. What happens to the total precipitation received on a watershed, 

how much of it reaches the stream channel, how soon, and in what condi- 

tion actually depends on many things; on the amount and intensity of 



t h e  s t o m ,  on season of yea r ,  on antecedenE weather and soil ccnd l t i ons ,  

on t h e  shape and s i z e  of t h e  wakershed, on kind and d e p t h  o t  sosE, on 

kind and p o s i t i o n  of a q u i f e r s  i n t e r s e c t e d  by t h e  s t ream channel cn types 

and cond i t i on  of v e g e t a t i v e  cover ,  and an i n t e n s i t y  a x d  t.yFes 0 T  land 

use,  which determine t h e  cond i t i on  of t h e  land w i t h i n  t h e  watershed, 

Man e x e r c i s e s  d i r e c t  c o n t r o l  only on rhe  charac.ter an6 cc)ndition 

of t h e  v e g e t a t i o n  and the  c h a r a c t e r  and condf t ion  or' the land  s : ~ ~ f a e e  

r e s u l t i n g  from h i s  a l l o c a r i o n  of uses ,  y e t  t h f s  l i m i t e d  c o n t r d  can 

i n f l u e n c e  streamflow, espeeiaHiy i t s  q u a l i t y ,  i n  a majo r  way,  Be can, 

and does,  a l t e r  t h e  c h a r a c t e r ,  amount, and condi t ion  of v e g e t a ~ i o n  by 

c u t t i n g  t imber ,  c l e a r i n g  f o r e s t s ,  burning,  and p l a n t i n g  d%fferent crops ;  

he can, and does,  modify t h e  s u r f a c e  of r h e  l and  by p lowing ,  c u l t i v a t i n g ,  

graz ing  of l i v e s t o c k ,  c o n s t r u c t i n g  roads  and b u i l d i n g s ,  e rec t ing  im- 

poundments, and through r e l a t e d  a c t i v i t i e s ,  So from a hydrologic. and 

water  product ion  s t a n d p o i n t ,  i t  i s  r e l e v a n t  t o  examine t h e  ex tenc  t o  

which man's a c t i v i t i e s  and u s e  of t h e  land  w i t h i n  a wzterehcd can be  

d i r e c t e d  and modified t o  improve q u a l i t y  of s t reamflow, c o n r r o l  cimfng, 

and i n c r e a s e  t h e  q u a n ~ i t y ,  and i n  t h e s e  c o n t e x t s  go determine what 

e f f e c t s  t h e  uses  of land  have had on the  water  supply of a municipal- 

i t y .  The p r e s e n t  s tudy  of e f f e c t s  of l and  u s e  invo lves  t h e  watershed 

of Lake Michfe which i s  t h e  p r i n c i p a l  source  of water  f o r  the C i t y  sf 

Durham, North Caro l ina .  

What makes t h i s  watershed of i n t e r e s t  and concern? -- First, i n  

h i s t o r y ,  physiography, land  use ,  and i n  p a s t  p lanning ,  fc 1 s  rather 

t y p i c a l  of watersheds  f o r  many Piedmont m u n i c i p a l i t i e s .  Zr is a l s o  



l a r g e  enough t o  b e  s i g n i f i c a n t ,  compris ing o v e r  107 ehousand a c r e s ,  o r  

n e a r l y  168 s q u a r e  miles, 

P r i o r  t o  i n c u r s i o n  of w h i t e  s e t t l e r s ,  abou t  1740, t h e  l a n d  w i t h i n  

t h e  wa te r shed  had been s u b j e c t e d  eo a  v a r i a b l e  buc unknown amount and 

e x t e n t  of d i s t u r b a n c e  by I n d i a n  occupancy and u s e ,  Today in many f i e l d s  

w i t h i n  t h e  b a s i n  i t  i s  s t i l l  n o t  u n e s m o n  t o  f i n d  arrowheads and o t h e r  

a r t i f a c t s  a t t e s t i n g  t o  use  s f  t h e  l a n d  under a  d i f f e r e n t  c u l r u r e ,  and 

q u i t e  l i k e l y  under a  l e s s  v i o l e n t  treatment of  t h e  r e s o u r c e s  s f  f o r e s t ,  

s o i l  and w a t e r .  

S i n c e  1940, t h e  e a r l y  p r e v a i l i n g  p r a c t i c e  of f i e l d  r o t a r i o n  h a s  

r e s u l t e d  i n  most of t h e  Lake Michie  wa te r shed  l a n d s  b e i n g  c l e a r e d  f o r  

f i e l d  o r  p a s t u r e  u s e ,  o r  b o t h ,  a t  Least once.  Crop r o t a t i o n  and f e r t i -  

l i z e r  u s e  have reduced t h e  i n t e n s i t y  and e x t e n t  of f i e l d  r o t a t i o n ,  b u t  

have n o t  e l i m i n a t e d  t h e  p r a c t i c e  comple te ly ,  a s  w i l l  become abundan t ly  

c l e a r  l a t e r  from a n  examinat ion sf changes  i n  t h i s  d r a i n a g e  b a s h  

w i t h i n  t h e  P a s t  h a l f  c e n t u r y ,  

Advanced p lannfng  f o r  augmenting Durham" w a t e r  s u p p l y  s t a r t e d  

even b e f o r e  t h e  t u r n  s f  t h e  c e n t u r y ,  b u t  t h e  d e c i s i o n  t o  c o n s t r u c t  a 

dam on t h e  F l a t  R i v e r  c r e a t i n g  Lake Mfchie was n o t  r eached  u n t i l  s h o r t l y  

a f t e r  1920. The p l a n n i n g  was t y p i c a l  of t h e  p r o c e s s  engaged i n  by 

many o t h e r  m u n f c f p a l i t i e s ~  C a r e f u l  c o n s i d e r a t i o n  was g i v e n  t o  i n p u t s  

o f  t i m e  and of l a r g e  amounts of c a p i e d  f o r  e n g i n e e r i n g  works,  b u t  t h e  

l a n d  t h a t  was t o  p r o v i d e  f o r  w a t e r  p r o d u c t i o n  a p p e a r s  r o  have remained 

o u t  of f o c u s ,  Water i s  a  f r e e  good, a t  P e a s t  a c c o r d i n g  t o  t h e  r i p a r i a n  

d o c t r i n e ,  and t h e  concern d u r i n g  p l a n n i n g  h a s  been merely  t o  make s u r e  



that the strearnfLow is satis5actoey in qualfey and adequate in quantity, 

So, starting with known and anticipated needs of consumers, Durham built 

a system to satisfy those nerds, a system that. went all the way hack 

to the land, bur wirhout incorporaring the basin lands as a part of the 

system. The p~sslble effects af actfvities on the watershed and changes 

in land use appear not to have been speciffcally evaluated; to be sure, 

an early concern about the  extena: of sedimentation was expressed, but 

after the initial ten years of operation, the siltation was adjudged 

not serious. Up to now the system has worked in an emfnently success- 

ful manner. 

Since I926 when Lake Michfe began supplying water for the City of 

Durham, several evenrs and forces have influenced the nature and mag- 

nitude of changes occurring on the watershed. There was a major dfs- 

ruption in economic activity induced by the Great Depression, assumed 

to have been accompanied by relatively extensive colonizatfon of fields 

by Virginia pine, particularly the badly worn-out ones. There was a 

major war from 1941 ta 1945 accompanied by accelerated timber cutting 

under the stimulus of the Timber Production War Project which unques- 

tionably had some impact on the forested acres of the watershed. The 

Soil Conservation Service came into being in the early years of the 

New Deal; since I935 it has had an increasingly larger impact on land 

use, principally in the improvements it has effected in field and 

pasture practices. From 1933 to 1941 the Civilian Conservation Corps 

and the Works Project Administration were also active throughout the 

nation, but because of rhe dominantly private ownership of lands 

within the Lake Mich5.e watershed, these agencies saw only limited 



u s e  w i t h i n  i t ,  and t h e i r  impact i s  assumed t o  have been v e r y  small, 

The Agricultural Conserva t ion  Program (ACY) and the  S o i l  Bank Program 

have i n f l u e n c e d  l a n d  u s e  w i t h i n  ehe wate r shed ,  b u t  w i t h  v e r y  minor 

e x c e p t i o n s ,  t h e i r  e f f e c t  on f o r e s t r y  and f o r e s t  Ian$ u s e  h a s  been 

n e g l i g i b l e ,  

A s  t h e  prfnci .paP 'source of w a t e r  f o r  t h e  Cxty of Durham, t h e  

Lake Michfe wa te r shed ,  p e r h a p s ,  h a s  been more a t o p i e  of g e n e r a l  

i n f e r e s t  t h a n  of genu ine  e s n e e r n  e i t h e r  f o r  immediate w a t e r  n e e d s  

a r  f o r  p e r p e h u a t f o n  of a n  ample f u t u r e  s u p p l y ,  The l a r g e  s t o r a g e  

t 

c a p a c i t y  s f  t h e  r e s e r v o i r  and t h e  abundant b a s i n  o u t f l o w  have 

d o u b t l e s s  c o n r r i b u t e d  t o  any complacency which may have e x i s t e d  i n  

t h e  p a s t .  Over a 40-year p e r i o d ,  t h e  d i u r n a l  s t r e a m  d i s c h a r g e  o f  

F l a t  R i v e r  and i t s  t r i b u t a r i e s  as recorded  imsledfate ly  below t h e  

Lake Mfchfe dam h a s  averaged n e a r l y  160 Qcu'ofc f e e t  p e r  s e c o n d ) ,  

e q u i v a l e n t  t o  more t h a n  one hundred m i l l i o n  g a l l o n s  p e r  day. 

I n  t h e  meantime ( s i n c e  19261, t h e  p o p u l a t i o n  of Durham h a s  tri- 

p l e d ,  p r o b a b l y  exceed ing  PO0 thousand by now ( 9 5 , 4 0  i n  1 9 7 0 ) ,  b u t  

i t  i s  s t i l l  consuming n o t  much more t h a n  t e n  percent of t h e  a v e r a g e  

stream d i s c h a r g e .  

P r i o r  t o  1926, Durham supplemented i t s  w a t e r  supply by pumping 

from t h e  n a t u r a l  f l o w  of F l a t  R i v e r .  Without a s r o r a g e  f a c i l i t y ,  

i t  became c l e a r  t h a t  t h e  n a t u r a l  f l o w  would n o t  s u f f i c e  d u r i n g  d r o u g h t  

p e r i o d s  when t h e  d a i l y  d i s c h a r g e  cou ld  f a l l  f a r  below ten c f s ,  To pro- - 
v i d e  a d e q u a t e  s t o r a g e  of w a t e r  and t o  g e n e r a r e  power f o r  rnunicfpal  u s e ,  

c o n s t r u c t L o n  of t h e  81-foot  dam was begun in June 2924 and completed 

i n  May 1926 (Anon. 1966) .  The 507-acre l a k e  w i t h  a n  i n i t i a l  s t o r a g e  



capac i ty  of 12,631 ac re - f ee t  (equiva len t  t o  about 4.13 b i l l i o n  ga l lons )  

a t t a i n e d  sp i l lway l e v e l  i n  December of t h e  same year .  Since t h a t  t ime,  

Durham has not  s u f f e r e d  from water  shor tage ;  i n  f a c t ,  dur ing  droughts ,  

a s  i n  l a t e  summer of 1968, she  has  suppl ied  water  ou t  of h e r  " la rgesse"  

t o  neighboring communities t h a t  were i n  d i s t r e s s .  

With t h i s  gene ra l  h i s t o r i c  background a s  a  frame of r e f e r e n c e ,  

land use  w i t h i n  t h e  Lake Michie watershed w i l l  be  r e l a t e d  f n  a  more 

s p e c i f i c  way t o  water  q u a l i t y ,  water  q u a n t i t y ,  and t iming of flow. 

I n  planning t h i s  s tudy ,  i t  was p o s t u l a t e d  t h a t  d e t e c t a b l e  changes i n  

water  q u a l i t y ,  a s  w e l l  a s  i n  t iming  and q u a n t i t y  of ou t f low from t h e  

upper F l a t  River  b a s i n  could be  r e l a t e d  t o  changes i n  land use  of t h e  

t e r r a i n  above Lake Michfe. It was a l s o  p o s t u l a t e d  t h a t  t h e r e  had 

occurred r a t h e r  a  c l e a r c u t  t r e n d  from predominantly a g r i c u l t u r a l  u se  

t o  f o r e s t  and t h a t  t h e  t r e n d  would be r e f l e c t e d  i n  t h e  e x i s t i n g  

c h a r a c t e r  of t h e  v e g e t a t i v e  cover  on t h e  watershed.  A s  t h e  r e s u l t s  

w i l l  show, n e i t h e r  hypo thes i s  tu rned  ou t  t o  be completely t enab le .  



h o n g  ehe sajior physfcal features of any watershed that are rele~ 

vant in an evsPuacron e? its wazer production potentialities are its 

size and shape, stream pattern, length and arder, topography, geology 

and soils, the character ,  amount and disrribution of precipitation 

that falls on ii, the conditaon, extent and iloristfc composition of 

the native vegerstive cave r ,  and extent of land use for farming and 

other pursuiLs. AIL of these features aa~d actfvikies have some bearing 

on the amount, &im:ir?g, anid quality of streamtlow ulrfmately reaching 

the reservof r ,  wcfc!: in c h i s  case is Lake MichPe. 

Size and s h a ~ e ,  The Lake Michie watershed, located in the north- 
----------"A- 

central part of North Carolina, is approximately 168  square miles in 

extent, comprLslng roughly  107,208 acres. The headwaters of Flat 

Rfver and its tributaries w h c h  generate the streamfPow for the re- 

servoir form a Sroad, fan-like area, some .6.wen%y-five miles at its 

widest p s f n t  and absuz twelve miles in depth, naurowhg abruptly to 

a "corridor" less thsn P o m  miles w f d e  along the lower three miles 

of the Flat Rxver  channel above the irnpo~ndment (Figure I) .  Less 

than fifteen percent of she wauershed area is in the "corridor", 

leaving over ninety thousand acres in the broad, fan-like portion 

of the wzters'rred. 'E'he Isgdroiogic signiffcatace s f  this shape resides 

in the fact thac a very l a r g e  proportion of the precipitation ulti- 

mately reaching the charnels of rhe system f a l l s  on land at a sub- 

stantial distance from irs desfred seorage point, and is forced to 





traverse over and through a variety of condieions before flowing into 

the reservoir, 

Partern of the stream system. The geologrc structure and origi- 
P 

naP land form have influenced the development of a deadritic pattern 

for the stream system above the reservoir. The domfnsnt features of 

the system above the lake are the 9.7 miles of the main channel of 

Plat River, which is a resrrlt of the convergence of the North Fork 

and the South Pork of Plar River, each fork extending over 18 miles 

toward zhe upper reaches of the water divide sf the basin (Table 1). 

Thus, there are some forty-five mfles of main channel and about 83 

miles of channel in named creeks and branches. I n  addition, there 

are over 968 rafl.es of mapped channel in ffrsc and second order streams 

which do not show names on any avaflable map, In brief, channel mfle- 

age in perennial streams of the headwaters af Flat River and its trib- 

utaries adds up to more than 296 miles, i,e,, fn streams above the dam. 

Obviously, with this mileage in perennial streams, the basin is 

laced and thoroughly dissected so that the maximum distance that water 

needs to flow before reaching a 'Qiive" channelkin any season of the 

year probably does not exceed one-half mile. The total mileage fndi- 

cates that for every square mile of watershed lands, there is an 

average of 1,765 miles of perennial stream channel, 

The entire stream system in this drainage basin has reached a 

fairly "steady state." Headward erosion of channels is negligible. 

Mass wastage is likewise nos pronounced as can be dearly observed 

by the infrequent occurrence of toppled crees along the banks of 

the main streams, even after high stormflows. Hence, any major 



Table 1. Stream mileage of named channels  i n  t h e  F l a t  River  dra inage  
above t h e  Lake Michie dam. 

Name of Stream 

F l a t  River (main channel)  
South Fork of F l a t  River 
North Fork of P l a t  River  
Deep Creek 
Richland Creek 
Bushy Fork Creek 
Aldrfdge Creek 
E f t t l e  Creek 
Rocky Fork Branch 
Lick Creek 
Byrds Creek 
Dial Creek 
E l l i s  Creek 
Chappels Creek 
Quarry Creek 
Burton Branch 
Mud Branch 
Rocky Creek 
Dry Creek 
Dry Creek (No. 2 )  

To ta l  mileage - named streams 
Minor p e r e n n i a l  s t reams 

T o t a l  s t ream mileage 

Length fn  Miles 

sed imenta t ion ,  o r  sediment p o l l u t i o n  a f f e c t i n g  w a t e r  q u a l i t y  of t h e  

r e s e r v o i r  must b e  a t t r i b u t e d  t o  sources  o t h e r  t han  t h e  n a t u r a l  

f o r c e s  which might be expected t o  cont inue  en la rg ing  t h e  channels  

of t h e  system. 

Geology and s o i l s .  A 1 1  of t h e  watershed l i e s  w i t h i n  t h e  Fied- 

mont provfnce. The predominant s o i l s  have been der ived  from l i g h t -  

co lored  Caro l ina  s l a t e ,  w i th  s o i l  types  bea r ing  t h e  f a m i l i a r  s e r i e s  

names of Georgevi l le ,  Herndon, Orange, and Alamance. This  s o i l  group 

comprises over f i f t y  pe rcen t  of t h e  watershed.  Next i n  prominence 



are t h e  Appl ing,  C e c i l ,  Co l fax ,  and Durham s o f P s  which a r e  d e r i v e d  from 

coarse -gra ined  g r a n i t e  and o t h e r  c r y s t a E l f n e  r o c k s ,  and occupy o v e r  1 8  

p e r c e n t  of t h e  a r e a "  These s o f P s  a r e  c o n f i n e d  t o  t h e  n o r t h e a s t e r n  p a r t  

o f  t h e  wa te r shed .  Daivfdson, I r e d e l l ,  and Mecklenburg s o i l s  comprise  

a n o t h e r  18 p e r e e n r  of che a r e a ,  and a r e  found i n  t h e  n o r t h w e s t e r n  p a r t  

of t h e  wa te r shed .  These s s F l s  are d e r i v e d  from diorite, g a b b r s ,  and 

o t h e r  b a s i c  c r y s t a l l m e  rocks.  Over 1 2  p e r c e n t  o f  the watershed  s o i l s  

f a l l  i n  t h e  Pelena and Wilkes s e r i e s  and a r e  derpved from mixed a c i d  

and basLe c r y s 2 a l l i n e  rocks,  i n c l u d i n g  a p l i t e s ,  d i o r i t e s ,  gabbros ,  and 

g r a n i t e s ,  The Helena s o i l s  a r e  t h e  more abundant  in t h i s  group and 

a r e  regarded  as e x c e l l e n t  f o r  tobacco  where t h e y  o c c u r  on r o l l i n g ,  w e l l -  

d r a f n e d  topography.  On s t e e p  t e r r a i n ,  under  tobacco  c u l t u r e  t h e y  have 

undergone moderate  r o  s e v e r e  e r o s i o n .  A l l u v i a l  s o i l s ,  p redominen t ly  

i n  t h e  Cangaree s e r f e s ,  occupy o n l y  2 .9  p e r c e n t  of t h e  wate r shed  

( P e r k i n s ,  ~ ~ - 8 2 , ~  1924; J u r n e y ,  - e t  a1 9 1 9 2 8 ) .  T h i s  low p e r c e n t a g e  of 

a l l u v i a l  s o i l s  r e f l e c r s  The narrow s t r e a m  bot toms and f l o o d  p l a i n  l a n d s  

i n  t h i s  p a r t  o f  t h e  Plat R i v e r  d r a i n a g e  b a s i n ,  

A mere l i s t i n g  of s o i l s  i n  series group ings  does  n o t  p r o v i d e  a  

u s e f u l  b a s i s  f o r  evahuazing t h e  h y d r o l o g i c  r e s p o n s e  of t h e  wa te r shed .  

What i s  needed i s  a  d e t a i l e d  c l a s s i f i c a t i o n  of t h e  d r a i n a g e  b a s i n  i n t o  

l a n d  c a p a b i l i t y  c l a s s e s  whfch t a k e  i n t o  account  n o t  o n l y  t h e  s p a t i a l  

d i s t r i b u t i o n ,  t o p s o i l  t h i c k n e s s ,  s l o p e  p o s i t i o n  and r a n g e ,  b u t  a l s o  

t h e  s t o r a g e  c a p a c i t y  f o r  w a t e r .  I n  b r i e f ,  a h y d r o l o g i c  g roup ing  o f  

s o f l s  r e f l e c t i n g  t h e  s u r f a c e  moisture c a p a c i r t e s  and p o s f t i o n  on t h e  

l a n d s c a p e  is r e q u i r e d .  Musgrawe (1955) d e v f s e d  f o u r  s o i l  g roups  on 



the basis of runoff potential, using the final constant or minimum rate 

of infiltration of the soil as the criterion. He defined this potential 

as the rate of moisture intake after prolonged wetting. Subsequently, 

the Soil Conservation Service has adopted the Musgrave groupings as a 

basis for watershed planning (England, 1970). 

It is possible to make some preliminary estimates of the basic 

infiltration rates for the soils in the series identified above, Eight 

of the 14 major soil series above are classed in hydrologic soil group 

I 1  11 B which includes sofls havfng moderate infiltration rates when tho+- 

oughly wetted, being moderately deep to deep, generally well-drained, 

with fine to moderately coarse textures, and having a moderate rate of 

water transmission. For these soils the final constant infiltration 

rate ranges from 0.15 to 0.30 inches per hour. Soils in 5 of the above 

listed series (Helena, Iredell, Mecklenburg, Orange, and WiLkes) fall 

in hydrologic group "C", with infiltration rates ranging from 0.05 to 

0.15 inches per hour, and with a high runoff potential. One series, 

the Congaree, falls in group "Dff which include chiefly clay soils with 

a high swelling potential, a very slow rate of water transmission, and 

with the final constant infiltration rates of wetted soil being in the 

range of 0 to 0.05 inches per hour. 

It should be emphasized that the cited infiltration rates for these 

hydrologic soil groups serve only as a rough approximation of the rates 

expected on lands under full forest cover; nearly two-thirds of the Lake 

Michie watershed is under some form of forest cover having an organic 

layer (forest floor) that absorbs the energy of raindrops and signifi- 

cantly modifies the character of the surface soil beneath it, making 



it more porous. Seventy-two percent of the entire watershed area has 

soils that fall in hydrologic group "B", with only three percent in class 

"DM, the remainder being in class "C". In brief, from the basic stand- 

point of soil resources and their Bnherent original depth and infilra- 

tion capacity, the Lake Michie watershed has as good a potential for 

water production as is possible in the Piedmont province. 

Character, amount and distribution of precipitation. Essentially 

all precipitation fallfng on the Lake Michie watershed comes in the 

form of rain. Total snowfall may average as much as seven inches per 

year, but a snow blanket usually melts within a few days. In the last 

twenty years the longest continuous period of a complete snow cover on 

the watershed lasted approximately three weeks; obviously, snowpack is 

not of hydrologic significance here. 

Precipitation records for the watershed, particularly of the type 

that provide data on intensity and duration of storms are inadequate, 

Records are available on a daily total basis from only three stations, 

two actually on the watershed. If ane observes the longtime annual 

precipitation averages for a number of stations that "blanket" the 

watershed, one gains some idea of the magnitude of differences among 

them. 

Station Total precipitation 
per year 
Inches 

. . . . . . . . . . . . . . . .  LakeMichieDam 43 .44  
Rougemont (on the watershed) . . . . . . . . .  4 3 a 9 2  
Durham, N .  C .  . . . . . . . . . . . . . . . .  4 2 , 6 5  
Oxford Tobacco Research Station . . . . . . . .  45 ,36  
Henderson, N. C . .  . . . . . . . . . . . . . . .  4 5 . 5 8  

* Raleigh,N, C -  . . . . . . . . . . . . . . . .  45 .96  
. Chapel Hill, N. C, . . . . . . . . . . . . . .  45 .79  



The annual average differences among these stations are not large, 

but in summer months when a considerable portion of total rainfall comes 

in the form of convectional storms, large variations among stations do 

occur. Thus, it is not unusual to observe very heavy showers recorded 

at the Rougemont station at the headwaters of Flat Rfver while little 

or no rainfall is recorded for the station at the Lake Mfchie Dam. 

On the basis of the seven stations it is assumed that approximate- 

ly 45 inches of water falls on the 107,200 acres of drainage basin each 

year; annual precfpitation is equivalent to 4,824,000 acre-inches, or 

roughly 131 billion gallons per year. This amount is well distributed 

whether the years are wet or dry (Table 2). 

In a study of the hydrologic response of a watershed, it may not 

be particularly useful to look at average values alone. Yet it may be 

informative to compare the 10-year averages for the wettest and driest 

years shown in Table 2 with the 45-year average values computed from 

records kept at the Oxfprd Tobacco Research Station. (Hardy et ax., 

1967) The station is located only 15 miles from the Lake Michfe water- 

shed and has approximately the same elevation above mean sea level as 

the average elevation of the drainage basin, roughly 500 feet. Even 

Precipitation Departures by Quarters for the Water Year 
Period Longtime 10 wettest 10 driest 

Average Years Departure Years Departure 
Inches Inches Inches Inches Inches 

Oct . -Dec. 8.98 11.68 +2.70 7.39 -1.59 
Jan. -Mar. 10.46 12.43 4-1.97 8,04 -2.42 
Apr . -June 12.15 13.14 +O. 99 10.21 -1.94 
July-Sept. 13.77 18.61 +4.84 9.05 -4.72 

Annual 45.36 55.85 +lo. 49 34.70 -10.66 



T a b l e  2, P r e c i p i t a t i o n  i n  t h e  LO w e t t e s t  and r h e  10 d r i e s t  y e a r s  s i n c e  
1926, by q u a r t e r s  p e r  w a t e r  y e a r ,  a t  Rougemont, North C a r o l i n a .  

Q u a r t e r s  of Wacer Year 

Oct . -Dec. - J a n .  -Mar, Apr .-Jim. Ju1 . -Sep t .  T o t a l  
Year I n c h e s  I n c h e s  I n c h e s  I n c h e s  I n c h e s  

14.94 
18,81 
PO. 56 
13-33 
12.14 
8.52 

10.52 
10.01 
13.94 
11.50 

Mean of 
w e t t e s t  
y e a r s  11,68 12.43 13.714 18,61 55.85 

9.69 
10.75 
9.73 

10060 
LO. 44 
9.88 
6.65 
7 . 6 9  

13.48 
13.22 

Mean of 
d r i e s t  
y e a r s  7.39 8.04 10.21 9.05 34,70 

Driest 
i n  % of 
w e t t e s t  63.27 64.68 77.70 48.63 62,13 

"Durham s t a t i o n  r e c o r d ;  a l l  o t h e r  d a t a  from Rougemont s t a t i o n ,  



t h e  d e p a r t u r e s  from long t ime  averages  do n o t  r e v e a l  new informa- 

t i o n ,  b u t  t h e y  s e r v e  t o  emphasize t h a t  t h e  c r i t i c a l  p e r i o d  i n  

w a t e r  p r o d u c t i o n  from such  a d r a i n a g e  b a s i n  i s  t h e  4 t h  q u a r t e r  

of t h e  w a t e r  y e a r ,  i. e . ,  t h e  h i g h  w a t e r  consumption months of 

J u l y ,  August and September.  I n  we t  y e a r s ,  t h e  e x c e s s  w a t e r  i s  

n o t  l i k e l y  t o  c r e a t e  s e r i o u s  problems,  u n l e s s  f o r  example,  s u c h  

l a r g e  amounts (25+ i n c h e s )  i n  July-September ,  1945, happened t o  

f a l l  i n  2 o r  3 i n t e n s e  s t o r m s  c r e a t i n g  v i o l e n t  s to rmf lows  t h a t  

have t h e  energy  t o  d e l i v e r  accumulated d e b r i s  and move s u b s t a n -  

t i a l  q u a n t i t i e s  of bed load  from t h e  channe l  i n t o  t h e  r e s e r v o i r .  

The s u r p l u s  water i s  s imply  "water  o v e r  t h e  dam."The d r y  y e a r s  

a r e  t h e  ones of g r e a t e r  concern  and t h e  J u l y  through Septeriber 

p e r i o d  on t h i s  w a t e r s h e d  a p p e a r s  t o  b e  t h e  c r i t i c a l  t i m e  when 

h i g h  e v a p o t r a n s p i r a t i o n  l o s s e s  c o i n c i d e  w i t h  heavy m u n i c i p a l  

d r a f t s  on s t o r e d  s u p p l i e s .  A s  an example,  t h e  a n n u a l  p r e c i p -  

i t a t i o n  i n  1968 and 1967 was i d e n t i c a l ,  36.05 i n c h e s ,  b u t  i n  

1967 t h e  J u l y  through September r a i n s  amounted eo 1 1 . 2 1  i n c h e s  

i n  c o n t r a s t  t o  o n l y  4.85 i n c h e s  i n  1968 when t h e  w a t e r  l e v e l  

i n  Lake Mich ie  f e l l  t o  a  l e v e l  of 9 f e e t  below t h e  dam c r e s t ,  

To b e  s u r e ,  t h e  low r a i n f a l l  i n  1967 may have  a c c e n t u a t e d  t h e  

s e v e r i t y  of t h e  d r o u g h t  i n  t h e  f o l l o w i n g  y e a r ,  b u t  i t  was t h e  

l a t e  summer-early autumn r a i n f a l l  d e f i c i t s  t h a t  r e s u l ~ e d  i n  

d e s p e r a t e  s h o r t a g e s  o f  w a t e r  a t  Chapel  H i l l  and o t h e r  ne igh-  

b o r i n g  Piedmont communities.  Durham, on t h e  o t h e r  hand ,  c o n t i n -  

ued t o  e n j o y  ample s u p p l i e s .  I n  b r i e f ,  t h e  r a i n f a l l  amount and 



d i s t r i b u t i o n  on t h e  Lake Michie  wa te r shed  o v e r  t h e  p a s t  4 1 / 2  decades  

s u g g e s t s  t h a t  w a t e r  p r o d u c t i o n  i s  l i k e l y  t o  c o n t i n u e  t o  b e  ample 

f o r  ~ u r h a m ' s  needs  f o r  some t ime i n t o  t h e  f u t u r e .  

The t empera tu re  f a c t o r .  From a wa,tershed management s t a n d -  

p o i n t ,  i n t e r e s t  i n  t e m p e r a t u r e s  c e n t e r s  l a r g e l y  on t h e  t i m i n g  and 

o c c u r r e n c e  of minima, inasmuch a s  f r e e z e - f r e e  l e n g t h  of t h e  growing 

s e a s o n  i s  dependent  on how low t h e  t e m p e r a t u r e s  may drop ,  and when. 

The o c c u r r e n c e  and f requency  of t e m p e r a t u r e s  low enough t o  f r e e z e  

s o i l  s u r f a c e s  a l s o  d e t e r m i n e  t h e  impor tance  o f  t h i s  f a c t o r  i n  d i s -  

Lodging s o i l  through a l t e r n a t e  f r e e z i n g  and thawing,  o r  p r e v e n t i n g  

i n £  i l t r a t i o n  through a c t u a l  f r e e z i n g  o f  t h e  s o i l  s u r f  a c e .  Tempera- 

t u r e s  low enough t o  c a u s e  s u b s t a n t i a l  f r e e z i n g  o f  s o i l  s u r f a c e s  a t  

t h i s  l a t i t u d e  and a l t i t u d e  (36"+N l a t .  & + 500'  above m.s.1.)  need 

t o  remain a t  o r  below 20°F f o r  a day o r  l o n g e r .  

Longtime t e m p e r a t u r e  r e c o r d s  f o r  t h e  Lake Michie  w a t e r s h e d  

a r e  n o t  a v a i l a b l e ,  b u t  e x t r a p o l a t i n g  a g a i n  from t h e  Oxford Tobacco 

Research  S t a t i o n  d a t a ,  we n o t e  t h a t  t h e  a v e r a g e  f r e e z e - f r e e  growing 

s e a s o n  may b e  assumed t o  b e  abou t  200 d a y s .  So f a r  a s  n a t u r a l  

v e g e t a t i o n  is  concerned ,  i t  i s  perhaps  more s i g n i f i c a n t  t o  c o n s i d e r  

t h e  d a t e s  when t e m p e r a t u r e s  a s  low as 24°F o c c u r  i n  t h e  s p r i n g  and 

i n  t h e  f a l l .  The a v e r a g e  d a t e  of t h e  l a s t  o c c u r r e n c e  a t  24°F i n  

t h e  s p r i n g  a t  t h e  Oxford S t a t i o n  i s  shown as March 1 2 ,  and t h e  

f i r s t  o c c u r r e n c e  i n  t h e  f a l l ,  a s  November 20. Large  v a r i a t i o n s  

from t h e s e  a v e r a g e  d a t e s  may b e  e x p e c t e d ,  and i n d e e d ,  do o c c u r .  

Temperatures  low enough t o  k i l l  t e n d e r  s h o o t s  on ye l low-popla r  



wholly non-functfonei ~ 1 %  b e t o r e  rbs. lasr we& in Ocrober; a l s o ,  

needles from the crop of cke p r e v m ~ k  year o r  rwu cn the native 

pEne specfes wfll have staprteci ti fdi. These :henoS.sgicaP evencs 

have a bearing on the i n t e r c e p ~ i o n  and evapstransplration funcrisns 

in the hydrulogie  cycle, k ~ c c  zn f luence  the proporti~n s f  gross 

precfgitatfon u i r m a t a l y  r e a c h i n g  scream channels.  

The sther major ir,fl.urnces of rsnperature xinfrna sn amount: 

and qualiry of screamflow wperase thzougla the f r e e z i n g  of soil 

surfaces, thus cutting off i n f f l t r a t z o n ,  and ice crystal dislodging 

sf soil from b a r e  surfaces, The inf luence  of froten soil surfaces 

on the Lake Michie wa~ershed is perhaps fairly siPghz s i n c e  the 

watershed 1 s  t w n  thirds rorest  and i s w  Cemperatuzes are not sus- 

tained l ong  enough to affect surfaces protecaed.  by forest f l o o r ,  

The in f luence  of d i s l odged  s o i l  is more I m p a u t a n ~  due to rhe 

extensive bare m a d  cuts and o c c a s i o n a l  b a r s  r i e l d s ,  



No records for the number of days of prolonged freezing are 

available for the watershed; records at the Oxford Station show 

that annually there are 69 days, on the average, when minimum 

temperatures fall to 32' or lower, Casual reconnaissance over 

field and forest soils within ~ h e  watershed during the past 

twenty years suggests that bare soil surfaces may stay frozen 

intermittently for as long as 20 to 30 days in an '"averageF" 

winter, and soils under forest floors do not freeze at all, 

Evaporation. In considering evaporation, whether from 

water surfaces, soil, trees, or other vegetation, direct solar 

radiation is the only significant source of energy. On a free 

water surface, evaporation accounts for about forty percent of 

the total radiation received thereon. Practically all of rhe 

high energy radiation received by water is absorbed, hence 

evaporation losses from a water surface represent the maximum 

possible under natural conditions, 

From weather records maintained at Rothams~ed, England, 

Penman (1948, 1949) and Penman and SchofiePd (1951) demonstrated 

that the correlation between mean daily temperatures and &Sly 

evaporation was very poor. Monthly means, however, did exhfbft 

significant correlation, emphasfzing the fact that annual varfa- 

tion in evaporation closely follows the solar radfatlon cycle, 

Thus, one might expect evaporatfon Posses to vary with latitude, 

and indeed, they do, In the Province of Ontarfs, Canada, approx- 

imately 15 inches annually escapes into the atmosphere from a 



free water surface; in the tropics, similarly, about 60 inches 

(Stone, 1952). In Lake Michie, the annual loss is approximately 

39 inches (Turner, 1966). 

On the basis of this 39-inch estimate of evaporation it may 

be of interest to observe the order of water loss annually from 

Lake Michie and from the farm ponds on the watershed. The lake 

surface when at spillway level occupies about 507 acres, Annual 

water loss of 39 inches amounts to 1648 acre-feet, or about 

536,920,000 gallons. The 620 farm ponds within the watershed 

have a surface area of 1272 acres; assuming the same rate of 

loss from them as from the lake, about 1,347,068,000 gallons 

represents the annual evaporation loss from ponds, Ignoring 

evaporation from streams, the total loss from water surfaces 

within the Lake Miehie system annually amounts to about le88 

billIon gallons, or enough water to supply the needs of Durham 

for over three months, assuming a daily requirement of 28 million 

gallons. Annual loss from Lake Michie alone equals 13 percent of 

the original storage capacity of the reservoir, 

Viewed against a reference frame of the total precipitation 

falling on the 103,200-acre watershed annually, the I,&% billion 

gallons lost from water surfaces is only about 104 percenr of rhe 

131 billion gallons received In an "average" year, However, it 

is estimated that of the annual total received, North Carolfna 

loses about 7 5  percent to all forms of evaporation, the main 

source being co transpiration by vegetation (Hardy and Hardy, 1991). 



On t h e  Lake Michie watershed, evapora t ion  l o s s e s  would thus  amount 

t o  some 98 b i l l i o n  ga l lons  each yea r ,  l eav ing  a  r e s i d u a l  of about 

33 b i l l i o n  ga l lons  f o r  o t h e r  d i s p o s i t i o n .  The 1.88 b i l l i o n  g a l l o n s  

Lost from open water  s u r f a c e s  r e p r e s e n t s  5.7 percent  of t h e  amount 

a v a i l a b l e  f o r  streamflow and s to rage .  

Prom reco rds  a v a i l a b l e  f o r  a  s f n g l e  Poeat ion i n  Lake Mfehie 

(Turner,  196&) ,  it appears  t h a t  dur ing  a  3-year per iod  (1962-1964) 

t h e  average monthly evapora t ion  exceeded t h e  recorded p r e c i p i t a t i o n  

i n  a l l  t h e  months from ~ I p r i l  through Occober (Figure 21, 

Native v e g e t a t i o n  types*  I n  gene ra l  terms, t h e  upland f o r e s t s  

of t h e  Lake Michie watershed can be c l a s sed  a s  e l t h e r  (a )  p ine ,  

(b) pine-hardwood, and (c) hardwood f o r e s t  types .  These type  names 

do not  co inc ide  w i t h  t h e  terminology used i n  Fores t  Surveys (Knight 

and McCPure, l 966) ,  bu t  they  should s u f f i c e  f o r  l a t e r  d i scuss ion  

of any hydro log ica l  s i g n i f i c a n c e  of f o r e s t  types  and s i l v i c u l t u r a l  

t rea tment  of them. I n  f a c t ,  f o r  t h i s  purpose i t  w i l l  s u f f i c e  t o  

cons ider  on ly  two major f o r e s t  t ypes ,  namely, a r e a s  occupied pre- 

dominantly by p ines ,  and those  occupied predominantly by hardwoods. 

The extreme v a r i a b i l i t y  of m i x  tn t h e  pine-hardwood type  makes t h i s  

s i m p l i f i c a t i o n  d e s i r a b l e ,  

The dominant p i n e  s p e c i e s  an  t h e  watershed is  V i r g i n i a  p i n e  

(Pinus v i r g i n i a  M i l l e r ) ,  a s p e c i e s  occupying n e a r l y  e i g h t  hundred 

thousand a c r e s  of woodland i n  North Caro l ina  (Slocum and M i l l e r ,  

1953).  An aggres s ive  p ioneer  s p e c i e s ,  i t  has  qu ick ly  colonized 

f i e l d s  and p a s t u r e s  whenever prev ious  u s e  of them has  ceased and 

wherever a  seed source  has  been a v a i l a b l e  (F igure  3 ) .  Usually 



Average Monthly P r e c i p i t a t i o n  - - - - - - - - - 
Average Monthly Evaporation 

Figure 2.  Evaporation vs.  p r e c i p i t a t i o n  on a monthly b a s i s ,  
Lake Mfchie, Bahama, North Carol ina  (From Turner,  1966). 






















































































































































































































































































































































































































