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Abstract—Dynamic line rating is a technology that allows for
the rating of electrical conductors to be calculated based on local
weather conditions rather than using “worst-case” assumptions
of weather conditions. The static ratings are typically based
on weather conditions that are conservative in nature, and
thus dynamic line rating may provide room to increase the
current capacity. The local weather conditions may estimate
conditions more accurately near the transmission lines accounting
for terrain such as nearby hills. One way to estimate the
local weather conditions is through the use of computational
fluid dynamics. The results of a wind field simulation can
be coupled with sparsely located weather stations to provide
an accurate assessment of the wind speeds along the path of
the conductor. The wind field simulations are calculated using
a steady state Reynolds-averaged Navier-Stokes model. These
results along with local solar irradiance measurements can be
used to provide estimates of the steady state ampacity with the
standard IEEE equations. An advanced test case for this process
involves performing these simulations in a complex terrain, Hells
Canyon, the deepest river gorge in North America. The results
show that by using weather-based sensors without considering
localized wind conditions, the available ampacity may be over-
predicted significantly.

Index Terms—Dynamic line rating, general line ampacity state
solver, computational fluid dynamics, overhead transmission lines

I. INTRODUCTION

For the determination of the current carrying capacity of a
conductor for transmission lines, the limiting factor is typically
the temperature of the lines which cause increased amount of
sag of a span between structures from thermal expansion at
high temperatures, or even annealing of conductors at extreme
temperatures. Typically, the capacity of transmission lines on
the grid are calculated using a single static rating, or seasonally
adjusted static rating [1]. The static ratings use conservative
estimates - low wind, high ambient temperature, high solar
irradiance - based on seasonal conditions, and consequently
these conservative calculations can underestimate the actual
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capacity due to cooling effects of the environment. Dynamic
Line Ratings (DLR) can be used to defer upgrades, increase
the yield of distributed generation and support the network
during outages. DLR has been identified as a key transmission
and distribution infrastructure solution by the United States
Department of Energy [2, 3]. The maximum steady state cur-
rent on a overhead transmission is well characterized from the
International Council on Large Electric Systems (CIGRE) [4],
the International Electrochemical Commission (IEC) [5], and
the Institute of Electrical and Electronics Engineers (IEEE)
[6, 7]. Studies into DLR have shown potential for day ahead
planning [8], or as a way for easing congestion of lines [9, 10].
Natural synergy with increased wind power generation coupled
with thermal cooling also provides large benefits to promote
integration with DLR technology [11–14] Results of analyzing
collected weather data in the field has shown potential to
increase ampacity above static for for case studies in Canada
[15, 16], the US and the UK [17] and forecasted weather data
in Ireland [18].

This study examines the use of computational fluid dy-
namics (CFD) in order to predict wind speeds and incident
direction along a transmission line. These wind speeds can
subsequently be used in calculations of the current capacity
of overhead transmission lines. The wind speeds only con-
tribute towards one aspect of the calculation. The capacity is
an energy balance between the environmental conditions for
convective cooling, thermal radiative cooling and heating from
the Joule effect and solar radiance. For this study, the steady
state equation for the transmission line ampacity is used. This
assumption of steady state can be made due to the separation
of the time scales, with overhead conductors typically requir-
ing 10-20 minutes for a change in the temperature [4, 19]
depending on the size of the conductor.

For the large-scale wind simulations in this study, the steady
state Reynolds-averaged Navier-Stokes (RANS) approach is
used [20]. As with the assumption of the thermal conductor
timescales, the time scale of the weather patterns is assumed
to not change rapidly enough to require an unsteady RANS
approach or a more accurate (and more computationally
expensive) large eddy simulation (LES). This allows the



total computational time to remain manageable. The RANS
approach has been shown to be accurate for wind field
simulations when mapping weather station data to extrapolated
locations with lookup tables in relation to actual weather data
observations [17]. As the convective cooling rate is calculated
as a function of the wind speed raised to the power of 0.52 or
0.6, then a 10% error in wind speed translates to about 5-6%
error in the forced convective cooling rate.

Some studies have shown the RANS equations may not be
sufficient for hilly terrain, as the downstream regions after
crossing hills may produce over-predictions of the speed up
ratios [21]. The predictions between RANS and experimental
data show better agreement with the windward part of the
sites rather than the leeward part in more complex flows [21].
However, the WindSim CFD software has been utilized for the
calculation of wind fields using the RANS turbulence model-
ing, and has been validated in complex terrain [22, 23]. Wind
speed accuracy with RANS flow has been used by Milashuk
and Crane [24] for the evaluation of wind resource predictions
and accuracy assessment by transforming measurements at a
reference location to other locations of interest, and similar
wind mapping has been completed on low-elevation mountains
by Dhunny et al. within acceptable validation error [25, 26].
The application here is quite different, but the methodology of
mapping CFD and recorded weather station observation data
to specific locations remains similar.

The use of CFD in the calculation of DLR has several
significant advantages over other methods. First off, the CFD is
calibrated against known weather data so that the wind speeds
should be accurate. If weather stations were to be installed
at each structure location over a given area of interest the
cost would be quite prohibitive. The interpolation of the CFD
wind speeds to specific locations between the sparsely installed
weather stations can provide regions where wind speeds may
be lower due to terrain effects that would otherwise go
unnoticed. This gives a more conservative estimate of the
DLR calculation along a given transmission line. Second, the
combination of utilizing the CFD results with installed weather
stations can be more cost effective than other measurement
techniques such as direct temperature measurements or sag
installation devices, and weather station installation requires
no outage period of the transmission line. Thirdly, by coupling
weather stations with CFD for analysis of historical data,
this provides some validation in the methodology here to
eventually be used for predictive or forecasted line ratings,
which have more potential for cost benefits than real time
ratings. Lastly, even if it is desired to use direct measurement
devices for determining the dynamic line rating rather than
weather station data, the CFD results can be used to identify
the limiting midpoints of line segments in terms of cooling
capacity. These line segments would then be the desired
locations for placements of direct measurement devices.

This site is of interest contains several hydroelectric dams
important for power generation. The power delivery out of this
region is important as the calculated line ampacity calculations
may change depending on higher wind gusts on ridges versus

regions along the river where steep hills may block wind
from efficiently cooling the lines. This study first shows the
terrain and transmission line locations for the study, followed
by a brief summary of the theory for CFD and steady state
conductor calculations. Then the CFD flow field results are
shown, and the results of running the General Line Ampacity
State Solver (GLASS) code developed by INL to determine the
dynamic rating on the line segments over the 1-year historical
time period. The data from the extrapolated weather station to
midpoint locations is also analyzed to find the critical midpoint
segments within the terrain that limit the line’s overall dynamic
ampacity rating.

II. TERRAIN OF TRIAL SITE

The geographic location for this site is a complex region,
Hells Canyon, the deepest river gorge in North America. The
site is located along the border of Idaho and Oregon. The
Snake River flows 1600 meters below the west rim, and 2300
meters below the mountain peaks to the east. The exact region
of interest extends 30 kilometers in the east-west direction and
60 kilometers in the north-south direction. Digital elevation
model (DEM) data was obtained from the national database for
the region in latitude-longitude sets with a spatial resolution
of 30 meters, shown in Fig. 1. Transmission line structure
location data were provided for the region from the controlling
power company.

Fig. 1. Three-dimensional image of Hells Canyon terrain extent. The river
runs roughly in the center of the east-west extent.

The raw DEM and transmission line structure data must
be transformed into a linear Universal Transverse Mercator
(UTM) projection to be used within the CFD code. Due to
the large physical size of the area, near ground effects are
not resolved within the CFD simulations. The terrain data is
used to calculate a normalized roughness layer from 0 to 1
in order to model the subgrid effects such as shrubs, trees
and buildings. The roughness layer of the terrain is shown in
Fig. 2a. This value is set to 1.0 for city regions (dark red on
the scale), 0.8 for heavily forested areas (red on the scale),
0.1 - 0.2 for farmland or plains covered in shrubs (yellow on
the scale), and set to 0 (white on the scale) for flat areas,
such as along the water surface, and for areas with very
little vegetation. The roughness values are used in the log-
law correlations for the boundary layer with values adapted
from Troen and Petersen [27]. The elevation of the region is
shown in Fig. 2b with very large variation from the river to
the mountains on either side.



(a) (b)
Fig. 2. (a) shows the roughness layer of terrain, this is normalized to scale
from 0 to 1, (b) shows the map of the transmission line structures and weather
station locations and the segmentation of the line.

In this prescribed region there are 160 transmission line
structures along the full transmission line that are investigated.
While there are more in the region, the study is focused
solely on one of these transmission lines. The locations of
the transmission line structures and five weather stations in the
region are shown in Fig. 2b. The square markers on the terrain
plot show the path of the transmission line of interest, and
the circles show the weather station locations. The installed
weather stations record data internally with 3-minute intervals.
To separate out the analysis the line is divided into five
separate segments based on the nearest weather station, these
are circled and labeled in Fig. 2b. The northern portion of the
canyon originally had two additional weather stations installed,
but upon data retrieval, these were found to be inoperable for
most of the time period, which may subject the northern region
results to larger error than the southern region.

III. METHODOLOGY

A. Computational Fluid Dynamics Simulations

For the CFD simulations, the commercial software WindSim
8.0 was used for full three-dimensional results. The domain
for the simulation was created by making an x-y mesh with
the same 30-meter resolution provided by the DEM data. For
the vertical direction non-uniform spacing was used in order
to provide better near ground resolution for more accurate
wind speeds near transmission lines. A 5-meter resolution was
used from ground level up to 50 meters, a 10-meter resolution
was used up to 100 meters, and a growing pseudo-logarithmic
spacing was used up to 3500 meters. A 10 m/s boundary
condition is applied at the boundary layer height, a prior
study showed that the sensitivity to this boundary condition is
minor when coupled with available weather data in resource
assessment [22], and significantly lower ground speeds are to
be expected in the model. The mesh of the entire region is
shown in Fig. 3, it contains approximately 85 million cells.
However, due to the computational limitations of the machine
and CFD code, the entire domain is split in the north-south
direction and two separate domains are constructed of over 50
million cells each. Due to the large elevation differences, the
vertical mesh can become skewed in several places. The linear
UTM 11 projection that was used on the DEM data provides
simple importing of the terrain into the CFD code.

(a) (b)
Fig. 3. Horizontal (a) and vertical (b) mesh layout, which shows the skewed
mesh from high peaks to the low river elevation.

A method referred to as Wind Atlas is used to piece together
results from the boundaries of the two domains. This method
has been demonstrated over extremely large areas with the
WindSim CFD code previously for mapping out the wind
fields in Switzerland [28]. When large elevation changes occur
near the boundaries for CFD simulations there can be potential
for unphysical speedups to occur due to the recirculation
zones. Often these can be dampened by placing boundaries far
from changes in the geometry, but is not an option here with
the pathway of the transmission line. The partial differential
equations dictating the wind field solution for the Reynolds-
averaged Navier-Stokes equations with the standard k − ε
method that is used are the three velocity vectors, Ui, the
turbulent kinetic energy, k, and the turbulent dissipation rate,
ε, given by:
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where ρ is the air density, xi are the position coordinates, p
is the pressure, µ is the viscosity, and Cµ, cε1, cε2, σk and σε
are the fixed constants for the k− ε model, with values set to
0.09, 1.55, 2.0, 1.0 and 1.3, respectively [20]. The two other
terms are the turbulent viscosity, µt, given by:

µt =
Cµk

2

ε
(3)

and the turbulent production term, Pk, given by:
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+
∂Uj
∂xi

)
∂Ui
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. (4)

B. Conductor Rating Calculation Method

The line ratings are calculated for steady state conditions
every 3 minutes, the rate at which weather station data is
collected. The wind speed is only one piece of the calculation.
Other environmental factors are accounted for, namely, the
solar irradiance, ambient temperature, and wind direction. The
equations and methodology are documented in the IEEE Stan-
dard 738 [6]. The steady state current capacity is calculated
by the heat balance by



I =

√
qc + qr − qs
R(Tc)

(5)

where qs, qc, and qr are the heating though solar radiation,
the cooling through convection, and the cooling through radi-
ation; Tc is the conductor temperature, and R is the resistance
of the line. It is assumed that radial temperature differences are
minor, so that Tc is the same as the line’s surface temperature.
The radiated heat loss rate per unit length of the transmission
line in units of W/m is calculated by

qr = 17.8Dεc

[(
Tc + 273.15

100

)4

−
(
Ta + 273.15

100

)4
]

(6)

where εc is the conductor emissivity, D is the conductor
diameter, and Ta is the ambient air temperature in Celsius. In
the normal IEEE standards, the heat gain from the sun through
solar irradiance is calculated by

qs = αQse sin(θ)A
′ (7)

where α is the solar absorptivity, Qse is the total solar and
sky radiated heat flux corrected by elevation, θ is the effective
angle of incidence of the suns rays and A′ is the projected area
of conductor per-unit length. However, for the calculation of
static line rating here, and the use of the GLASS ampacity
solver code, the installations of the weather stations can be
taken advantage of and used for the solar irradiance directly,
which will account for cloud cover, terrain shadows and other
effects. The convective heat loss per unit length is calculated
using one of two equations based on the air speed. For low
air speed, under 1.34 m/s (3 mph) the term is given by

qc1 =

[
1.01 + 1.35

(
DVwρf
µf

)0.52
]
kfKangle(Tc − Ta) (8)

and for higher air speed the convective heat loss is given
by

qc2 = 0.754

(
DVwρf
µf

)0.6

kfKangle(Tc − Ta) (9)

where Vw is the speed of the air, Kangle is the wind direction
factor, and the fluid parameters density, ρf , viscosity, µf , and
thermal conductivity, kf , are calculated at the film temperature
(Tf = (Tc+Ta)/2). Due to the high variability of the terrain,
the air density is calculated as a function of elevation as well,
as the parameter can vary as much as 20% over the entire
transmission line segment. The wind direction factor is based
on the angle between the wind direction and the conductor
azimuth for each midpoint segment as

Kangle = 1.194−cos(φ)+0.194 cos(2φ)+0.368 sin(2φ) (10)

where φ is the angle of incidence between the wind direction
and the midpoint azimuth – with maximum value of 90

degrees. The convective cooling rates are compared to the
natural convective heat loss rate given by

qcn = 3.645ρ0.5f D0.75(Tc − Ta)
1.25 (11)

and the highest of the heat loss rates is used as qc in the
equation for the ampacity. These calculations are repeated for
every midpoint in the region. For each line segment only
the lowest midpoint value of the steady state calculation is
used in determined the ampacity of the line segment. Lookup
tables are created for each midpoint using the WindSim code,
and these lookup tables are fed together with the recorded
historical data through the GLASS code developed by INL to
determine the ampacity. Since the wind near ground level is a
boundary layer flow, the results should be self-similar so that
for each wind direction one simulation can give an effective
solution that is then scaled by real time conditions. The
methodology here is applied to historical weather observations,
but should be applicable to real-time dynamic line rating
calculations as well using it for forecasted ratings [29].

C. GLASS Overview

The program referred to as GLASS is used for the analysis
of the historical data in combination with the CFD generated
data from WindSim. The main components which are used in
the analysis presented in this paper are the CFD portion, which
utilizes the WindSim CFD code, scripts for processing the
historical data of wind speed, wind direction, solar irradiance,
and ambient temperature into a database, and GLASS which
solves the equations in Section III-B for every historical
database entry to calculate final values for the ampacity rating.
Assumptions are made in GLASS such that weather station
coverage is sufficient to use nearest neighbor approximations
for ambient temperature and solar irradiance values at each
midpoint span, with no elevation correction. The advantage
to GLASS is that it has been built in such a way that it can
provide ampacity estimations for every midpoint span along
numerous line sections simultaneously, while also allowing for
time-syncing of measured weather station data.

IV. RESULTS

A. Flow Field Results

The CFD simulations are each run 12 times, once for each
30 degree sector of incoming wind direction. For brevity only a
few of the wind directions are shown for the flow field images.
In Fig. 4 the Northern half of the domain is shown for the
incoming wind sector at 0 degrees. The heights shown in this
figure vary from 10 m to 50 m to 100 m above the ground
level. The same plots for the southern half of the domain are
shown in Fig. 5. The wind speeds in both sections of the terrain
show a drastic slow down in the predicted wind speeds at 100
meters above ground level down to the 10-meter height where
the transmission line structures are located. At this low height
where transmission lines are located, the wind speeds in the
model are much lower than the boundary layer condition, as
shown in Fig. 4a and 5a.



(a) (b) (c)
Fig. 4. Wind speed for the northern terrain section at 0 degree incoming wind
sector at 10 m (a), 50 m (b) and 100 m (c) heights.

(a) (b) (c)
Fig. 5. Wind speed for the southern terrain section at 0 degree incoming
wind sector at 10 m (a), 50 m (b) and 100 m (c) heights.

The wind speed for the incoming flow at 180 degrees for
the northern section of the terrain is shown in Fig. 6, and for
the southern section of the terrain in Fig. 7. As with the prior
plots the wind speeds are shown at 10 m, 50 m and 100 m
above ground level. In the 180 degree incoming wind sector
the same trend is seen where terrain features cause significant
slowing of the wind speed at the 10 m elevation, as shown
in Fig. 6a and 7a. At the edge of the simulations, significant
speed up of the wind occurs from the incoming wind sector
from the north at wind sector 0, and from the south at wind
sector 180. This is due to the nearby inlet boundary condition
from the incoming wind vector, in cases where terrain is
uneven boundary effects can be exacerbated. This effect is
mitigated however by placing the boundaries far enough from
the transmission line structures of interest, and through the
Wind Atlas method, which overlaps the northern and southern
sections to use the wind data appropriately to mitigate this.

(a) (b) (c)
Fig. 6. Wind speed for the northern terrain section at 180 degree incoming
wind sector at 10 m (a), 50 m (b) and 100 m (c) heights.

While not shown, the other 10 wind sectors show similar
traits, where due to the large elevation differences blocking
effects from terrain on the wind speed are quite pronounced
at 10 meters above the ground level elevation. This the
typical height of the midpoint of the transmission line between
structures, where the wind data is subsequently used in the
lookup tables for ampacity calculations in GLASS. In addition,
local ground cover from trees and vegetation can affect the

(a) (b) (c)
Fig. 7. Wind speed for the southern terrain section at 180 degree incoming
wind sector at 10 m (a), 50 m (b) and 100 m (c) heights.

wind speed in the near-ground levels through the normalized
roughness quantity.

In order to assess the accuracy of the wind flows, the data
from the transferred lookup tables is compared. The data from
each weather station and the appropriate speed up/down and
wind direction shift is compared to the actual weather data
collected at the next nearest weather station. The summary
of the accuracy of the wind speeds in doing this approach
is summarized in Table I with the root mean square error
(RMSE), along with the distance between the stations. No
strong correlation is seen in accuracy of either distance or
height, likely due to complex terrain interactions, and far
distances between stations. As a steady state simulation is
being applied to the transient nature of the wind this large
distance between weather stations likely influences this error.
There is some threshold distance in which this steady state
assumption of wind flow breaks down for the comparison.
Additional weather stations should be installed (as mentioned
in Sec. II) to improve accuracy. In addition, the influence of
the uncertainty of the wind speed is assessed for the ampacity
calculation of this line. The ampacity is calculated at each
weather station, then compared to the ampacity calculated
when using the wind speed change and direction shift from the
data of the next nearest weather station. The data for the mean
absolute error of the ampacity are shown in Table II, and is
further broken down for only the points in time when the wind
speed is below the static assumption of 3 mph. The error in
the ampacity is about half as much at low wind speeds than
at high wind speeds, giving more confidence to the method
when utilized for low wind speeds.

TABLE I
WEATHER STATION COMPARISON TO ASSESS CFD ACCURACY.

Weather
Station 1

Weather
Station 2

Distance
(km)

Height Dif-
ference (m)

Wind Speed
RMSE (m/s)

WS01 WS17 6.6 157 2.61
WS17 WS39 10.9 -259 1.93
WS39 WS68 9.5 509 1.70
WS68 WS130 18.2 49 2.57

B. GLASS Ampacity Calculation

The entire transmission line studied uses the same con-
ductor, so the limiting ampacity is not dependent on the
choice of conductor for individual line sections. For the sake
of comparison this continuous conductor is divided into five



TABLE II
WEATHER STATION COMPARISON TO ASSESS AMPACITY ERROR FROM

WIND SPEED DATA.

Weather
Station 1

Weather
Station 2

Ampacity
Error (A)

Ampacity Error
(< 3 mph) (A)

WS01 WS17 210.7 104.9
WS17 WS39 213.3 110.9
WS39 WS68 108.6 59.0
WS68 WS130 205.1 119.7

separate sections based on the nearest weather station to the
midpoint span. With the conductor spit into five regions,
its is possible to identify mitigation of sag levels through
reconductoring only portions of the line. The ampacity for
each of these line segments is calculated, and the limiting
midpoint for each span at each time stamp is recorded for use
in creating a histogram of the midpoints to look at the midpoint
locations which cause the most frequent limiting calculations
to the ampacity of the line. The data is analyzed for a full
year from February of 2016 to February of 2017, the largest
period for which all of the weather stations were functioning.

For the static rating, conservative assumptions are used
for an ambient temperature of 40 oC, a maximum conductor
temperature of 80 oC, a wind speed of 3.0 miles per hour, and
solar heating rate of 1000 W/m2 at a solar angle for the given
latitude at noon on July 1, with a clear air assumption (usually
valid due to the remoteness of the terrain), and a parallel angle
of incidence for wind direction. For a substitute calculation on
a Drake ASCR conductor, these parameters give a value for
the static rating of about 600 A for the transmission line.

For each of the five line segments in the geographic location
the minimum line ampacity is calculated at every 3-minute
interval for which weather data is collected, and then a 15-
minute moving average is applied. The ampacity is averaged
rather than the raw weather data to avoid negating effects of
parallel wind flow from nonlinear interactions of the cooling
terms. The ampacity for the five line segments are shown in
Fig. 8 (a) to (e). The data is plotted as the raw data collected at
the weather stations with the azimuth of the nearest midpoint
span compared to the data calculated using the corrected speed
and incoming wind direction from the CFD results applied
to each line midpoint span and taking the minimum of those
values. From these raw ampacity plots, the difference between
the CFD-corrected and raw weather station ampacity can be
seen readily for most of the transmission line segments, except
for section 1, where only minor difference is seen. Near the
mouth of the canyon, the wind speed slow down effects are
rather minor compared to the rest of the terrain. The 15 minute
moving average is used as this is the approximate thermal
relaxation time of a transmission line [6]. The minimum
ampacity across all five of these line segments is shown in
Fig. 8(f), most of the year the minimum ampacity is above
the static rating, though the DLR calculation shows brief dips
below the static rating during summer months, due to wind
speeds occasionally dropping lower than assumptions made
for the static rating.

(a) (b)

(c) (d)

(e) (f)
Fig. 8. Raw line ampacity values for the WS locations and the CFD corrected
calculations compared to the static rating for segment 01 (a), 17 (b), 39 (c), 68
(d), and 130 (e). Dotted lines in these plots correspond to the time-averaged
value of the ampacity. The minimum ampacity over at each timestamp is
shown in (f).

The value of the dynamic rating over the ampacity is
binned up so that the available headroom can be plotted as
a function of the amount of time that the amount of headroom
is available over the study period. This is plotted in Fig. 9
using both the data with the CFD corrected values applied to
the midpoint spans, and for the value calculated using only
the weather station data directly. The weather station data was
used with only five azimuths corresponding to the weather
station locations rather than the whole span. For using the
weather station data, it was assumed the the midpoint azimuth
was the transmission line span directly before the weather
station structure location. Overall, dynamic line rating on this
particular line provides an increase over the conservative static
rating over 99% of the time during the study. However, the
rating increase may be overestimated when only the weather
station locations are considered, as no slow down of wind
speed due to the hilly terrain is accounted for.

The average values for the year for the dynamic ampacity
over the static rating are shown in Table III. These values
are listed for both the data calculated with the GLASS code,
and at the weather station locations without considering the
CFD corrections. Most of the line segments show about a



Fig. 9. The improvement in dynamic line rating over static rating for each
of the line segments. Improvement over static at WS location only in dotted
lines, solid lines include the CFD corrections to speeds.

150-200 A difference between using raw weather data and
correcting it with CFD fields (about 30% of the static rating).
The largest difference occurs with the 68 line segment at
over a 500 A difference. This occurs as the location of this
particular weather station is at the top of a ridge so it receives
relatively high wind speeds, yet some of the midpoints of
the transmission line associated with this weather station run
through a valley that provides blocking of wind from the east-
west incoming directions. Overall, the data show that there
is much available headroom on the transmission line above
the static rating. However, if the corrections from the CFD
are not accounted for then the headroom available decreases
from about double of the static ampacity down to about a
50% increase over static ampacity. It should be noted, even
if a conservative derating is applied with the error shown in
Table II, there would still be considerable headroom on this
transmission line using DLR.

TABLE III
COMPARISON OF AMPACITY OVER STATIC RATING WITH AND WITHOUT

CFD TABLES IN [A].

Line
Section

Ampacity over
static at WS

Ampacity over
static with CFD

01 665 518
17 613 397
39 522 321
68 854 337
130 486 316

The variation in the calculated ampacity of individual line
spans can vary as much as 3 times the static rating due
to the large wind speed changes within the canyon. During
summer months, occasionally low wind speeds cause natural
convection to be more dominant in promoting heat loss from
transmission lines than the forced convection from the wind.
Much higher margins above static rating are seen in this
transmission line during the winter months. This is mostly
from higher convective cooling rates due to higher wind speeds
in the winter, but also some contribution from the lower
ambient temperatures. In addition, the higher winter ampacity
also has some contributions from higher radiative heat loss

and lower solar ampacity during the winter.

C. Limiting Midpoint Spans

Histograms are created of the limiting midpoints to show
trends in which midpoints occur as limiting locations fre-
quently. Refer to Fig. 3 for the locations of the midpoints, the
numbers start in the south and increase when moving north.
The wind roses for the five weather stations listed in the table
are shown in Fig. 10. The red line in these plots marks the
azimuth of the midpoint span closest to the weather station
structure, and the turquoise region highlights the range of the
azimuths for all midpoints associated with a given weather
station. Several of these weather stations primarily show the
wind flow over the year as mostly north-south direction with
some bias towards the south west sector. This has a large
impact on any calculations of ampacity made with the CFD
based approach as the line runs primarily in the north-south
direction. This means that the incidence angle correction factor
of the wind speed cooling given by Eq. 10 will be rather
small as most of the wind flows parallel to the line rather than
perpendicular to it. It should be noted that WS39 and WS130
show much lower average wind speeds, and likely contribute
towards the DLR sometimes dipping below the static rating.

(a) (b)

(c)

(d) (e)
Fig. 10. Wind roses for five weather stations installed WS01 (a), WS17 (b),
WS39 (c), WS68 (d) and WS130 (e).

While the limiting ampacity shown in Table III, seems to
point to the northern 130 line segment as the main constriction



on the wind speeds, the data from GLASS can be analyzed
further as it also indicates the limiting midpoints for each
calculation. The percentage of time that each line segment
is the limiting one is shown in Table IV. A majority of
the limiting line segments lie in the northern three sections.
The segment-130 occurs the most due to the very low wind
speed conditions, and the segment-68 occurs primary from
the transmission line direction proceeding mostly north-south
aligned with the wind, along with the slowdown of wind speed
from the east-west directions. This causes a 60% drop in the
convective cooling term from the angle of incidence in Eq. 10,
even though wind speeds are much higher at the top of the
ridge. Similar effects occur with the segment 39 being aligned
with the primary wind direction, as well as terrain providing
wind speed reductions. This information could be utilized by
a utility to re-conductor only portions of a transmission line
which are limiting, rather than the entire region’s transmission
line. The breakdown is shown further in Fig. 11(a-e) with a
histogram of the limiting midpoints for all five line segments
as well as the histogram for the total limiting midpoint span
among all of the segments in Fig. 11f. The overall histogram of
the limiting midpoints along this line section show that there
are a large number of limiting midpoints depending on the
local weather conditions, and that while many are repeated,
no singular midpoint along this short line section would be
the limiting calculation for ampacity across the entire line for
the studied time period.

TABLE IV
SUMMARY OF LIMITING LINE SEGMENTS FOR DYNAMIC LINE RATING.

Line Section Percentage as limiting segment
01 3.08%
17 5.57%
39 29.28%
68 35.31%
130 27.22%

The maps in Fig. 12 highlight the specific locations of two
of the midpoint locations on a contour plot of the elevation of
the region. In Fig. 12a the midpoint 42 in the lower section of
the canyon associated with the WS39 line segment is shown.
The line in this region is at the bottom of the canyon running
nearly parallel to the main wind direction recorded at the
weather station. Similarly, in Fig. 12b the midpoint 100 in
the upper section of the line is shown. As with the previous
point this lies in a valley with significant slow down of east-
west wind from the higher terrain, along with a parallel line
direction. Other midpoints shown in the peaks of the histogram
in Fig. 11f have similar characteristics.

The midpoints that show limiting effects have two major
similarities – first, as expected many are in regions that lie near
a ridge or in a valley which causes a decrease in wind speed
from the terrain. The second is that the predominant wind
direction relative to the azimuth is quite important. Several of
the midpoint spans are nearly lined up with the predominant
incoming wind sector. Due to the range of the Kangle variable
from 0.38 up to 1.0, the angle of the wind direction with

(a) (b)

(c) (d)

(e) (f)
Fig. 11. Histograms of the limiting midpoint spans for segments (a) 01, (b)
17, (c) 39, (d) 68, (e) 130 and (f) Entire line.

(a) (b)
Fig. 12. Close up contour maps showing the elevation around limiting
midpoints, centered near structures (a) 42 and (b) 100.

respect to the line segment azimuth — from perpendicular
to parallel — can have a greater effect than halving the wind
speed. The identification of the extent of the reduction of wind
speed in specific areas is important in gathering information
for the calculation of convective cooling in regions of complex
terrain. However, the direction of the line segments relative to
predominant wind direction is probably equally important in
any potential planning and routing of new structures within
the area.

V. CONCLUSION

Collected weather data over a year long span was used
to calculated DLR ampacity, and showed a significant im-
provement over static rating assumptions for the studied
transmission line. This weather data was coupled with CFD



results to provided corrections for slow wind speeds and
changing wind directions. The data can also be used to find
the most problematic midpoint span locations based on the
low wind speed or parallel wind direction. While this may
not be directly applicable to real-time dynamic line rating
calculations, it may be of interest in future work using CFD
for planning and routing tools, in order to avoid regions
where transferred climatology data may show a significant
drop in the wind speeds predicted elsewhere in the terrain
of interest. A historical analysis of the use of dynamic line
rating can identify future opportunity for implementation of
the method to improve day-to-day operations. The analysis of
the time-averaged data shows that midpoints, which have the
azimuth line up with the incoming wind vector are usually
the problematic spans, and when navigating lines through
complex terrain, the wind rose direction frequency could be a
consideration for the transmission path.

The results of the line segment analysis show that there
can be a large difference between ampacity calculations based
solely on weather data, and ampacity calculations consid-
ering local wind speeds from the CFD. Without applying
the corrections to the wind field speeds and wind directions
using the CFD results, applying the dynamic line rating can
over predict the available headroom over the static rating. In
addition, midpoint locations for potential installation of direct
measurement devices can be identified by utilizing the CFD
results to find the most frequent locations for limiting midpoint
sections.
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