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Anna Arnold Joins WRRI as Program 
Coordinator
by Kelly Porter

Anna Arnold, WRRI Program Coordinator

Anna Arnold joined WRRI on Octo-
ber 1, 2007 as the program coordina-
tor. This position was previously held 
by Angela Morgan who has taken 
another position within NC State 
University.

Anna brings more than three 
years experience to the program 
coordinator position. While Anna 
was a student at NC State University, 
she worked in the WRRI office doing 
various office tasks to prepare us 
for upcoming events. Anna received 
a Bachelor of Science in Natural 
Resources with a concentration in 
Marine and Coastal Science from NC 
State University. Most recently, Anna 
worked for NC DENR Division of 
Land Resources Land Quality Section 
as an environmental specialist. Her 
main task was to edit and update the 
NC Erosion and Sediment Control 
Field Manual. With her background in 
natural resources and volunteer work 
at the NC Museum of Science, Anna 
demonstrates a desire to facilitate 
research and information to promote 
protection and wise use of North 
Carolina’s water resources. 

As program coordinator, Anna 
maintains the institute schedule for 
the annual call for proposals, the peer 
review process, the technical review 
process and the report publishing 
process. Anna also provides adminis-
trative support to the WRRI direc-
tion and other staff members. She 
helps the WRRI staff stay informed 
of schedules, task priorities, and 
upcoming event information. Since 
Anna oversees registration and other 
logistics of all WRRI workshops, con-
ferences and seminars, she is the one 

of the first people you will see if you attend one 
of these events.

WRRI is glad to have Anna as one of 
its staff. If you would like to welcome her or 
have questions for her, she may be reached at 
anna_arnold@ncsu.edu or 919-513-1203.

WRRI is no longer printing the WRRI 
NEWS newsletter. If you would like 
to be added to the wrri-news list to 
be informed of when the next issue 
becomes available, you may do the 
following: 
You can sign up for the wrri-news 
listserv in one of the following ways:

q  If you would like to receive each 
individual email: Send an email to 
mj2@lists.ncsu.edu with “sub-
scribe wrri-news” in the body 
(without the quotation marks). No 
text should be in the subject field. 

q  If you would like to receive a dai-
ly digest of emails (this will only 
occur if emails have been sent 
out in the past 24 hour period): 
Send an email to mj2@lists.ncsu.
edu with “subscribe-set wrri-news 
digest-daily” in the body (with-
out the quotation marks). No text 
should be in the subject field. 

q  If you would like to receive the 
weekly digest of emails (this will 
only occur if emails have been 
sent out in the past week): Send an 
email to mj2@lists.ncsu.edu with 
“subscribe-set wrri-news digest-
weekly” in the body (without the 
quotation marks). No text should 
be in the subject field. 

Receive WRRI 
NEWS Via Email
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SUBSCRIBE TO THE
WRRI-NEWS LIST 

Anyone with email can subscribe to the 
WRRI-News electronic list. This service 

is used to disseminate the electronic 
version of the WRRI News informa-

tion about WRRI seminars, workshops, 
conferences, NCWRA forums, and other 

pertinent information. To subscribe, 
send an email to mj2@lists.ncsu.edu. 

The subject line should be blank and in 
the body section, type: subscribe WRRI-

News. Please send correspondence 
regarding the WRRI News or the wrri-
news electronic list to Kelly_Porter@

ncsu.edu.
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Director’s Forum

North Carolina Drought: Will Our 
Cities Run Out of Water?
by David H. Moreau, Director, Water Resources Research Institute

Every day during the drought we 
hear various estimates about how 
many inches of rain it will take 
to bring us back to “normal”. The 
other index is how many days of 
supply we have on hand.  Both of 
those estimates are useful indica-
tors, but they tell very little about 
the risk of a city running out of 
water. As we find ourselves in the 
middle of a severe drought, no 
one knows how bad effects of this 
drought will be on our public water 
supplies. We can and should turn 
to records of previous droughts to 
gain insights, but we are left with 
the uncertainty of not knowing how 
bad things will get.

Historical records can provide 
important clues about the magni-
tude of what we face. Cities may 
withdraw water from streams and 
reservoirs by up to 60 percent of average annual flow, and to sustain that 
rate, they need to capture a smaller percent of average flow in reservoirs. For 
example, the Orange Water and Sewer Authority’s source on Cane Creek is 
expected to yield 55-60 percent of average year-round flow during a repeat 
of the worst drought of record, but the reservoir needed to sustain that rate 
captures only 15 percent of the flow from the watershed that feeds it. Sustain-
able withdrawal for water supply from Falls Lake, Raleigh’s primary source, 
is about 30 percent of average inflow that is assigned to that purpose. Water 
supply storage in the lake holds about 19 percent of average annual inflow 
delivered to it. It does not take normal rainfall to replenish these reservoirs.  

What does it mean then that there are 75 to 100 days of supply remain-
ing? That indicator by itself doesn’t tell you much.  The Cane Creek example 
is again a useful example. When it is full, it doesn’t hold but 100 days of its 
safe yield. On the other hand, the water supply pool in Falls Lake holds about 
225 days of dependable withdrawals. If Falls stands at 100 days of supply, it 
is just below half full. If Cane Creek has 100 days of supply, it is full. These 
numbers have very different implications for the two supplies.

On any given day, the risk of running out of water depends on how much 
water is in storage, the rate at which water is being withdrawn, and the rate at 
which streams are replenishing storage. All of that is highly variable from one 
water supply to the next, and it changes rapidly with time during the late fall 
and early winter.   

Let’s say, that is the midst of this severe drought, a particular city had 90 
days of supply on hand November 1. One way to estimate the risk of running 

Continued on page 3
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out is to calculate the storage levels on a day-to-day basis 
for the next several months using current rates of with-
drawal and historic sequences of streamflow during the 
worst droughts of record.  

In this analysis, we looked forward from November 
1 through the end of February. Computations were made 
at locations of seven stream gages located across North 
Carolina. Sites were selected using several criteria, in-
cluding a lengthy record of flows that are subject to very 
little upstream regulation, watersheds in the approximate 
range of 100 to 300 square miles, and one or more in each 
geographic province. The shortest record was 68 years, 
the longest 82 years. Years in which the November-Febru-
ary flows were among the lowest on record varied some-
what from gage to gage, but the most frequent were 1954, 
1955, 2000, 2001, 1941, 1930, and 1980. The lowest six 
years at each gage were used to calculate if and when res-
ervoirs at those locations would have run dry for a range 
of initial storage levels and a range of withdrawal rates. 
Withdrawal rates ranged from 10 percent to 60 percent of 
mean annual flow, and initial storage levels ranged from 
60 to 90 days of supply.  

Results of these calculations point out the substan-
tial differences among the seven locations. At one on the 
eastern slope of the mountains, supplies would not have 
been depleted under even the worst drought conditions; 
at a location on the western slope, reservoirs would have 
run dry for all withdrawal rates under a repeat of either 
the worst or next worse drought. One Central Piedmont 
site would never have run out under the worse drought 
and the highest rate of withdrawal. Sites in the Research 
Triangle and east showed the greatest vulnerability. A re-
peat of the 1933, 1941, or 2001 drought would pose very 
serious problems for water supplies if they are operating 
with less than 90 days of supply on hand as of November 
1 and their withdrawals are more than 20 percent of aver-
age annual flow.

We were hoping to find some comfort from this 
analysis. We didn’t. Repeats of the worst of our previ-
ous droughts could have substantial consequences if we 
don’t get relief over the next couple of months. We don’t 
need to get to “normal”, but we do need relief. Our best 
option at this point is to reduce our withdrawals through 
conservation, reuse, and alternative sources if they can be 
found. 

Drought continued from page 2

In Memoriam
Herbert Rooney Malcom
H. Rooney Malcom, Professor of Civil Engi-
neering, Emeritus, of North Carolina State 
University, passed away on September 1, 
2007.

Malcom was a graduate of North Caro-
lina State University from which he received 
an undergraduate and master degrees in 
civil engineering, as well as a Ph.D.  

In 1973, Malcom joined the faculty of the 
Civil Engineering Department and devoted 
himself to teaching for 31 years. He taught 
classes in water resources, hydrology, hy-
draulics and urban storm water design 
and management. In addition to teaching 
at NC State, he also taught short courses 
and professional engineer exam reviews, 
and consulted extensively in NC and other 
states.

In 1981, the Civil Engineering seniors 
honored him with the Outstanding Faculty 
Award. Other honors from NC State Univer-
sity included the Academy of Outstanding 
Teachers and Outstanding Extension Award. 
He also received the  Outstanding Civil 
Engineer in 1994 from the NC section of the 
American Society of Civil Engineers.

In 2004, when Dr. Malcom retired, sev-
eral former students established an endow-
ment in his honor as a testament to his char-
acter, and the deep felt appreciation for 
the way in which he touched their lives both 
personally and professionally. As stated by 
Jim Simons, a former student and current 
director and state geologist of the NCDENR 
Division of Land Resources: 

In the early days of the Sedimenta-
tion Program, Rooney Malcom was 
the “main man.” His value to the Land 
Quality Section was immeasurable.  
He helped launch a number of ca-
reers of civil engineers that have gone 
on and made significant contributions 
in this state. He was truly a professor 
who valued his students.
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December 5, 2007
11:30 am
NCWRA Forum and Luncheon
McKimmon Center, NC State University
Topic: “Ecosystem Enhancement Program–Challenges Lying Ahead”
Speaker: Suzanne Klimek, Director of Operations, NC Ecosystem Enhancement Program
Web: http://www.ncsu.edu/wrri/events/

February 4, 2008
11:30 am
NCWRA Forum and Luncheon
McKimmon Center, NC State University
Topic: “Emerging Contaminants”
Web: http://www.ncsu.edu/wrri/events/

March 11-12, 2008
Erosion and Sedimentation Control Planning and Design Workshop
Hilton Wilmington Riverside 
Wilmington, NC 
Web: http://www.ncsu.edu/wrri/erosionworkshops.html

April 1, 2008
Progress Energy Water Resources Seminar
McKimmon Center, NC State University

April 7, 2008
11:30 am
NCWRA Forum and Luncheon
McKimmon Center, NC State University

April 9-10, 2008
Erosion and Sedimentation Control Planning and Design Workshop
Holiday Inn Select 
Hickory, NC 
Web: http://www.ncsu.edu/wrri/erosionworkshops.html

July 22-24, 2008
2008 UCOWR/NIWR Annual Conference:
International Water Resources: Challenges for the 21st Century and Water Resources Education
Durham, NC
Web: http://www.ucowr.siu.edu/

October 8-10, 2008
WRRI 11th Annual Conference
McKimmon Center, NC State University

Upcoming Events 


