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ABSTRACT 

Westinghouse Savannah River Company (WSRC) has performed Lightning Studies for the existing Process Canyons at the 
Savannah River Site (SRS). These studies were initiated to verify the lightning protection systems for the facilities and to 
compare the installations to the National Fire Protection (NFPA) Standard 780, Lightning Protection Code, 1992 [l]. The 
original study of the F-Canyon was initiated to develop answers to concerns raised by the Defense Nuclear Facility Safely 
Board (DNFSB). Once this study was completed it was determined that a similar study for H-Canyon would be prudent; 
followed by an evaluation of the Defense Waste Processing Facility (DWPF) Vitrification Building (S-Canyon). 

This paper will provide an overview of the nature of lightning and the principals of lightning protection. This will provide 
the reader with a basic understanding of the phenomena of lightning and its potential for damaging structures, components, 
and injuring personnel in or near the structure. 

The F and H Canyons were constructed with similar Lightning Protection Systems (LPS). The DWPF Vitrification 
Building was originally planned with a NFPA 780 LPS, which has evolved into a very unusual system to protect the critical 
Digital Control System (DCS) utilized to control the building process. This paper will summarize findings and the results 
of the studies for each facility, and review the system installed on the DWPF Vitrification Building. 

TEIE NATURE OF LIGHTNING AM) TElE 
PRINCIPALS OF LIGHTNING 
PROTECTION 

TBE LIGHTNING PHENOMENA 

Natural Lightning 

Lightning is an electrical phenomena occurring 
within thunderstorms. Thunderstorms occur under 
particular meteorological conditions, and partial 
separation of electrical charges within the thundercloud. 
The classic model of the thundercloud structure was 
developed during the 1920s and 1930s [2]. In this 
model, the thundercloud forms a positive electric dipole, 
with regions of net negative charge in the lower portion cf 
the thundercloud and regions of net positive charge in the 
upper portion of the cloud. Additionally, to produce 
lightning, clouds must top out at heights above the 
freezing level, where the temperature is below Oo C [3]. 
Figure 1 is a schematic representation of a thundercloud. 

Lightning is an electrical discharge between 
differently charged regions. When the discharges occur 
wholly within a cloud they are called intrucloud (IC) 
discharges. Discharges between a charged region of cloud 
and the earfh are called cloud-to-ground (CG) lightning. 
Cloud to cloud and cloud to air discharges also occur, but 

much less frequently than either IC or CG lightning. 
Normally all discharges other than CG are termed as 
cloud discharges. 

A typical negative CG discharge (90% of CG 
lightning) will lower to earth tens of coulombs of negative 
cloud charge in tens of mili-seconds. The total discharge, 
called aflush, has a typical time duration of half a second. 
A typical flash is made up of several discharge 
components, of which there are typically three to four 
high-current pulses, called strokes. Each stroke will last 
about a millisecond, with a separation time of several tens 
of milliseconds between each stroke. The “flickei‘ in a 
lightning flash is caused by the eye just resolving the 
difference in the individual light pulses associated with 
each stroke. 

It is generally accepted that a lightning flash is 
initiated by a downward leader originating in the negative 
charge region of the thundercloud. The downward leader 
progresses toward the earth in discrete steps and is called 
a stepped leader. Once the stepped leader connects with 
the earth, the first return stroke carries the major lightning 
discharge current from the earth to the charged cloud along 
the ionized path created by the stepped leader. An avenge 
lightning flash will consist of between 3 and 4 strokes. 
The peak current in a lightning stroke will normally be 
about 37 kA and the average total charge for a lightning 
flash will be behveen 25 to 30 coulombs [3,4]. 
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Figure 1, Thundercloud 

The rapid release of energy in a return woke heats the 
lightning channel to a peak temperature of 30,000 K or 
greater. This produces a high pressure channel which 
expands and creates shock waves, that cause the thunder 
we hear following a lightning flash 

The Attachment Process 

The initial breakdown leading to the stepped leader 
occurs in the negative cloud region, once sufficient charge 
has built up to exceed the electrical resistance of air (-3 x 
lo6 V/m). The leader then progresses downward in 
discrete steps as the leader ionizes a path ahead of itself. 
Each leader step is typically 1 ps in duration, tens d 
meters in length, with a pause between steps of about 50 
ps. The average downward speed of the leader is on the 
order of 2 x 10’ m/s. The second and subsequent steps 
will be essentially straight downward. Each new step 
will generally take a different direction, thus creating the 
typical zigzag path of a lightning flash. Bnnches will 
occur in the leader path, however, only one branch will 
reach the ground [2,3,4,5]. 

The potential difference between the lower end of the 
stepped leader and the ground will typically be on the 
order of lo7 V. As the tip of the leader nears the ground, 
this potential difference will cause an increase in the 
electrical field at sharp objects, tall buildings, or at 
irregularities on the surface of the earth. Once this 
electrical field exceeds the breakdown strength of air, one 
or more upward moving discharges (skemers) will be 

initiated from these points, which begins the attachment 
process. The high current phase (return stroke) of the 
stroke begins when one of the upward moving stmmers 
meets the downward moving stepped leader. 

The path of the connecting upward m e r  will 
likely be on the order of several tens of metres along with 
a significant horizontal component, The area spread out 
below the successll streamer will be protected from the 
lightning flash by the object that produces the upward 
streamer. This Foncept provides the basis for the zone aC 
protection provided by the elevated air terminals of a 
lightning protection system (LPS). 

The basic principal of protecting a structure, or 
object, is to ensure a high potential that the s u d  
streamer originates from an air terminals and not from a 
part of the structure. Thus, the basic protection system 
consists of air terminals to provide launching points fa 
upward streamers and downconductors and earth ground 
systems to divert the lightning current to ground and not 
to the structure. 

Thunderstorms and Lightning Occurrence 

Thunderstorm occurrence in a particular location is 
usually expressed in terms of thunderdays, which is the 
number of calendar days in a year when thunder was heard 
at the location, averaged over several years. Another term 
used to express lightning risk is the groundflush density. 
This is the rate of occurrence of flashes to ground per 
square kilometer per year. Thunderday data is readily 
available while ground flash density is just now becoming 
available. 

Lightning flash density provides a more maningfid 
indication of lightning activity than thunderdays per year. 
Several attempts have been made by researchers 
worldwide to provide a correlation between thunderdays 
and lightning flash density, however, there are still a large 
variations between the data and actual recorded 
information. Several empirical correllations for relating 
thunderdays and ground flash density have been 
developed. The IEC Standard 1024-1-1 [6], uses the 
following relationship, which appears to representative; 

Ng = 0.04 ql.*’ 
where; 

Ng is the ground flash density in flashes Km’lyr. 
Td is the number of thunderdays per year 

Local topography a d  construction can cause changes 
in the ground flash density. Higher ground features, or 
structures, are more likely to attract the ground flash than 
lower structures, or objects in valleys, or depressions. In 
fact, very tall buildings tend to initiate upward streamers 
very early in the attachment process. This can happen 



prior to the initial breakdown in the cloud, thus triggering 
the strikes to themselves. Taller structures will provide 
some protection for shorter structures or objects near 
them. However, the greater the distance between the tall 
and short structures the less the tall structure protects the 
short one. 

Effects of Lightning 

The direct effects of a lightning flash, which may be 
dangerous, are; fires, mechanical damage, injuries to 
people and animals, and damage to electric and electronic 
equipment. The effects of lightning may; be responsible 
for panic, cause explosions, or cause the release CE 
hazardous materials to the atmosphere, or environment. 
The primary effects of lightning can be classified as 
mechanical, thermal, or electrical. The actual effects will 
be determined by the magnitude and waveshape of the 
current discharged by the h h  Damage caused by the 
lightning currents is closely related to the relative 
conducting power of the object struck. The total energy 
contained in a lightning stroke can be expressed as; 

I 

W = RJ 12dt (2) 
0 

Where W = energy in joules, t = stroke duration 
in seconds, I = current in amperes, and R = resistance 
in ohms [7]. 

The total energy dissipated, by the lightning flash, is 
highly dependent on the value of R Metal objects, which 
have low electrical resistance, can receive a discharge with 
little or no damage. The duration of the discharge will 
determine the actual extent of damage to metal 
components. Long duration discharges will tend to melt, 
or ignite, solid materials. Short duration discharges will 
tend to tear, or bend, metal parts by the electromagnetic 
forces that develop in the object or conductor. 

Because of the presence of these mechanical forces, it 
is necessary to ensure that the components of the LPS are 
securely anchored to the structure, or object, they are 
protecting. If not securely anchored, these components 
may move violently, causing damage to themselves or 
structures and objects nearby. 

Conversely, when insulating or semi-insulating 
materials receive a lightning discharge, explosive 
reactions are likely. Trees are in many cases split open or 
are stripped of their bark. When a wooden building is 
struck, the stroke seeks out the lowest impedance path to 
earth, which is most likely through electrical wiring or 
pipes. To reach these metallic paths the discharge must 
pass through a wooden barrier. When the discharge 
passes through these baniers, the result is usually 
ex$ensive explosive damage to the structure and possibly 
fires. 

When lightning strikes a building the conductor 
through which the lightning current passes will experience 
a temperature rise. This temperature rise can weld or fuse 
metal objects to each other. If a conductor has an 
inadequate cross-section it will rupture and break. 
Additionally, the high temperatures created can ignite fires 
or burn holes in metal objects. 

A Lightning flash to a building or object, or a flash 
to ground near a structure will cause a potential rise in the 
vicinity of the strike attachment point. A lightning flash 
to a service conductor can cause current to be transmitted 
to the building, while a flash to ground can induce 
voltages and currents in remote conductors by electric and 
magnetic coupling. 

The high currents flowing in the LPS can also induce 
voltage potentials between the conductors and n x b y  
metal objects. This can cause a sideflash, or jumping cf 
current in the form of an electrical spark, between the 
object and the lightning conductor. Side flashing can 
cause damage to equipment and components as well as 
endanger the occupants of a structure, who may be caught 
in the path of the current discharge. Side flash can be 
eliminated by installing equipotential bonding. 
Equipotential bonding is an electrical connection between 
an electrically conductive object and a component of a 
lightning protection system, that is intended to 
significantly reduce potential differences created by 
lightning currents. 

LIGHTNING PROTECTION SYSTEMS 

The purpose of a LPS is to protect persons, 
buildings, and their contents from the effects of lightning. 

Interception of Lightning 

The function of the air terminals are to divert the 
lightning flash to themselves, so the discharge does not 
strike a vulnerable portion of the structure or object being 
protected. The path of the lightning discharge near a 
structure is determined by the path of the successll 
streamer, which will usually be initiated from a 
conducting part of the structure neareSt the downcoming 
stepped leader. Thus, the air terminals should be located 
high on the structure, or object, nearest the points CE 
highest electrical field potential. This will ensure the air 
terminals are the most likely to initiate a streamer and 
become the strike point. 

For most buildings with flat roofs, the highest 
electrical field strength will be at the upper outer comers 
and edges of the structure. This is the area that should be 
given the highest priority when providing air 
terminations, by providing specially manufactured air 
terminals or a metallic perimeter handrail connected to 
ground [4]. 



Current DischaEe to Earth 

An air termination network that is adequately 
connected to earth, will pass the lightning discharge to 
ground without damaging the structure or object being 
protected The connection to ground is provided by a 
downanductor. Metallic parts of the building, or 
structure, can be utilized as part of the lightning conductor 
system as long as the passage of the current will not cause 
harm. 

The most common practice for installing down- 
conductors for a LPS is to attach them to the outside wall 
of the structure. The use of structural steel members is 
also a common practice; as long as the LPS is securely 
fastened to the steel members at both the top and bottom. 
Additionally, downconductors can be embedded within 
reinforced concrete. The use of the reinforcing steel within 
the reinforced concrete is more common in countries other 
than the US. 

The Australian Lightning Standard [4] provides an 
'analysis of how the lightning current can easily utilize the 
rebar members as a conducting path to ground. Recent 
research conducted by Sandia National Laboratories, 
shows that the lightning current will utilize the 
reinforcing steel, even when it is not directly connected to 
the LPS [SI. These tests using rocket-triggered lightning 
strikes to a structure, indicated that significant amounts d 
the discharge current flowed through the rebar and directly 
into the earth, from the slab and footings of the structure. 

Potential Equalization 

Lightning strikes can cause harmful electrical 
potential ditferences within a building, or structure, and 
the LPS components. The electrical potential can be 
safely reduced by providing bonding connections between 
the LPS and all incoming metallic services for power 
communication systems. The equal potential bonding 
should also include any metallic metal fmmework for 
doors, windows, roof vents, HVAC equipment, and other 
metallic building components that are near any current 
conductors of the LPS. 

Liyhtning Protection System Components 

A lightning protection system consist of a complete 
system of air terminals, conductors, ground terminals, 
interconnecting conductors, surge suppression devices, 
and other connectors or fittings required to complete the 
system. 

a. Air terminals are placed so that they will intercept the 
stepped leader prior to it connecting to other parts d 
the protected object that could be damaged by the 
lightning discharge. Existing metalwork should be 
utilized where possible, such as guardrails, metal 
supports for roof top equipment, radio towers, and 
etc. 

b. 

C. 

C. 

d. 

e. 

f 

Conductors are those current canying wires that 
interconnect the LPS components on the m f  of the 
building or structure. They are also utilized to 
provide bonding connections to roof top metallic 
components of the structure. 

Downconductors are used to conduct the lightning 
current to earth. Existing building metalwork should 
be utilized where possible, but additional down- 
conductors can be run externally on the side of the 
structure, as needed, to e m  an adequate path to 
ground for the total discharge current of the lightning 
flash 

The earth termination, or ground network, consists d 
one or more ground rods, or electrodes, and any 
interconnecting conductors between the ground rods. 
The ground network delivers the lightning current to 
the earfh and away from the structure. Some code 
and design standards allow the use of large ~in€orced 
concrete footings to be used as a ground connection. 
The ground may include a complete conductor loop 
around the structure with numerous ground rods for 
large structures. 

Test wells and links are sometimes used to provide a 
convenient location for attaching to the ground 
network for testing of the LPS or the ground. 

Surge suppression devices are utilized to prevent 
hazardous potential differem being applied to 
persons or equipment. These devices prevent the 
lightning current from damaging equipment and 
components that are susceptible to overcurrent 
damage. 

Connectors, fittings, and supports are provided as 
part of a LPS to allow various components to be 
interconnected. These include wire connectors, 
bonding clamps, cad weld connectors, and etc. that 
are utilized in assembling the LPS system 
components. Additionally, these include clamps and 
supports used to attached the LPS components to the 
structure. 

SRS LIGHTNING STUDIES 

Concerns, about the F-Canyon LPS, were identified 
by the DNFSB and by updated Fire Hazards Analyses 
(FHA) performed for the F-Canyon and the FB-Line 
Facilities. The DNFSB inspector questioned if the 
existing equipment and components were in compliance 
with NFPA 780, and had the systems been subject to 
regular inspections to ensure that they remained in 
adequate operating condition The FHA identified several 
areas where the components were not in compliance with 
NFPA 780. 



Subsequent to the DNFSB request for the 
information, F-Canyon personnel tasked the Fire 
Protection Analysis Group, of the Safety Engineering 
Department of WSRC, to perform an inspection and 
engineering study of the LPS for the F-Canyon, FB-Line 
facilities, and the F-Canyon support structures. This 
study was completed in August 1994 [9]. 

Upon completion of the F-Canyon study, H-Canyon 
management reviewed the results and determined that it 
would be prudent to complete a similar study of their 
facilities. The H-Canyon study was completed in January 
1995 [lo]. As part %f the F and H studies, a review of the 
Dissipation Array Lightning Prevention System 
installed for the S Area Facilities was performed. 

These two major engineering efforts identified areas d 
confonnance to requirements, deficiencies, and equivalent 
protection methods in use at the various SRS facilities. 
The following is a summary of the study methods, 
results, conclusions, and modifications underway or 
completed to mitigate identified deficiencies. 

STUDY METHODS 

The LPS studies were multi-faceted efforts d 
documentation review, personnel interviews, and field 
walkdowns to ascertain the condition of the installed 
equipment. The walkdowns also confirmed what kind aF 
equipment was installed and whether or not it was 
installed within the requirements of the NFPA Code. 

The F and H Canyons are provided with support for 
containment of radioactive contamination by the 292 Fan 
Houses, the 291 Exhaust Stacks, and the 254-5 Diesel 
Generator Buildings. The canyons cannot b t i o n  
normally with these facilities out of service. Therefore, 
facility management determined that these buildings 
should be included in any study performed. This would 
ensure that the integrity of the containment system would 
not be compromised by a lightning event. 

A verification checklist was developed that included 
the pertinent design and component requirements. The 
checklist utilized information from MIL-HDBK-419A, 
Volume 2 of 2, Chapter 2, Inspection Procedure [ll]. 
The checklist included retrieval of drawings and 
documentation, reviews of the SRS 200 Area Fault Tree 
Data Bank [12] records for lightning events, and field 
walkdown of systems and components. 

. Both the F and H Canyons and most of the support 
facilities were  rigi in ally constructed during the mid 
1950s. The construction drawings were old, had not been 
adequately "as-built", or were not to be found. Therefore, 
many design details were determined from walkdowns or 
from interviews with construction and engineering 
personnel who were still available at the SRS. Interviews 
with personnel involved with facility upgmdes and 
additions also provided insight about what was installed 

in the original construction. In some cases, components 
were assumed to be in place based on past system 
performance, as indicated in the Fault Tree Data Bank 
experience. 

An additional assumption was made in completing 
the studies of the F and H Canyons. It was assumed that 
if a direct flash to the facilities occurred, the discharge 
current would attempt to enter the concrete structure to 
attached to the reinforcing steel (rebar) or the ground wires 
imbed in the concrete. If this were to occur, somq minor 
spading of the top layer of the concrete may occur. 
However, since the first layers of rebar and ground wires 
are at 6 inches or less from the top of the slab, the 
spauling would be minor and would not cause a breach d 
the facility containment barrier. 

STUDY RESULTS AND FINDINGS 

The two process canyons, F and H, were constructed 
to almost identical designs for grounding and lightning. 
They are heavy reinforced concrete construction, with 3 to 
5 foot thick walls and roof slabs. The floors and interior 
walls are equally massive. The rebar is assumed to be 
tied and electrically continuous, based on found design, 
pictures of the construction, and from interviews with 
personnel who witnessed some of the const~~ction 

A grounding mat, consisting of 410 copper cable was 
placed below the floating slab for each canyon. Ground 
rods were placed and connected to the ground mat and 
ground loop at approximately 21 foot intervals around the 
perimeter of the facilities. The ground mat was connected 
to 410 cables run in the reinfoIced concrete walls arad 
columns of the canyon buildings. Copper grounding 
plates attached to the 410 cable, were placed in the 
columns at each floor level of the canyons to provide 
equipment grounding locations. These plates are still in 
use today and can be easily located in the facility. 

The 410 ground cables are run continuously up the 
outside walls and the interior columns of the facilities 
where they are connected to a ground wire that crosses the 
roof of the canyon and completes a loop around the 
structure. It has been assumed that the copper ground 
cable was laid on and/or tied to the rebar grid of the 
canyon slabs and exterior walls. This construction creates 
a semi Faraday cage for each of the two canyons. 

A true Faraday cage is exZremely difficult and 
expensive to construct. It should consist of a complete 
metal shield surrounding the object that is grounded and 
be isolated electrically from all components w i t h  the 
cage. The cage will also be connected to the isolated 
ground system for the facility. All metallic sewice 
entrance components will be isolated at the entrance 
through the gage. Additionally, all penetrations of breaks 
in the cage must be kept to a minimum, if not totally 
eliminated. 



This type of construction is essentially impossible to 
produce and most sensitive facilities are provided with 
construction similar to the process canyons at SRS. The 
multiple layers of rebar and the thick concrete construction 
provides a nearly impenetrable shield for any objects or 
equipment located within. Additional attention is given 
to providing an excellent ground system and isolating all 
penetrations from the enclosing grid. 

The edensive rebar grids connected to the building 
ground mat provide a very low impedance pat$ to ground. 
A lightning flash to a structure will always seek the path 
of least impedance to ground. Thus, for the SRS 
Canyons, the rebar and ground grid provide an ideal path 
to ground for lightning currents from any potential 
lightning flash to the structures.. 

The rebarfor the SRS canyons is interconnected and 
connected directly to the facility grounding mat or grid 
located under and surrounding the facility. This forms an 
isolated electrically independent shield surrounding the 
facility. New construction details call for additions and 
equipment located on the canyons to be provided with 
multiple connections to the existing ground and/or rebar 
grid in the original canyon structure. New structure rebar 
was also to be tied into the existing structure rebar and 
therefore to the existing grounding system. Independent 
buildings have also been added on the roof of each 
canyon. These were designed to be anchor bolted to the 
roof. \vhich would provide a path to the roof rebar. 

Both canyons have had metal guard rails added 
around the outside perimeter of the structures. These 
guard rails are anchor bolted to the roof, which will 
provide some tie into the existing ground system through 
the rebar system. On the H-Canyon, an additional ground 
loop was attached to the guard rail and has conductors run 
into the roof structure. These conductors have been 
assumed to be tied to either the rebar or the roof top 
ground wire. 

The guard rail is not complete on the F-Canyon roof. 
It extends partially around the main roof with sections 
replaced by anchored pipe stands with a wire rope strung 
behveen them. The guard rail is complete on the FB- 
Line roof, but no guard rails are provided for the New 
Special Recovery or Plutonium Storage Building 
additions. H-Canyon however has a complete guard rail 
installed on the main roof and on the roof of the HJ3-Line. 

F-Canyon has several additions on the roof to support 
continued missions for the FB-Line (1980s). These are 
both reinforced concrete and steel frame buildings. A new 
control complex was also added. The new control 
complex and a computer room in one other building are 
each provided with independent isolated grounds. The 
structures were however designed to be tied into the 
existing ground system. Several other pre-engineered 
steel warehouse buildings are also located on top of the F- 
Canyon. 

The new construction on F-Canyon was built over a 
period of several years by numerous projects. Thus they 
were built in separate pieces. This created several 
problems identified by the study of the LPS. Many 
components of the LPS were installed improperly or 
modified by the nex$ project in line. Some may have 
never been installed or were removed by the next project. 
Thus the overall condition of the system for the FB-Line 
was compromised. The problems can be grouped into the 
follow categories: 

a. Structures and equipment with no protection 
b. Lack of ground and bonding connections 
c. Improper installation practices 
d. Ground conductors cut or removed with out 

replacing or repairing 
e. Components site manufactwd at SRS and are 

not listed LPS equipment 
€ Designed equipment not installed or found 
g. No air terminals when needed 
j. No obvious ground connections or bonding for 

structures or equipment on roof 

The preengineered warehodoffie structures have 
been installed on the roof of F-Canyon with no appamt 
ground or bond connections. It can be assumed that these 
structures have been anchored to the canyon Ioof by some 
means, however, investigations and review of drawings 
and sketches could not absolutely verify any grounding. 
This was identified as a potential personnel safety issue 
due to the potential for side flashes which could come into 
contact with personnel in the buildings. 

One significant issue was identified during the LPS 
study that could have had an adverse effect on the FB- 
Line. Due to the poor condition or lack of an LPS for 
FB-Line, an Unreviewed safety Question Determination 
(USQD) was issued because of the potential for a 
lightning flash causing a total loss of power to FB-line. 
The USQD was found to be negative in that the facility 
Safety Analysis Report had already analyzed this event 
with no adveIse consequences. This was reported in the 
9/9/94 - 9/15/94 Issue of the of Nuclear Safety, 
Weekly Summary Report 1131. 

The F Area Exhaust Stack was found to be 
adequately protected. It had the proper number of air 
terminals on its top, with the required two down 
conductors run to a ground ring at its base. Intermediate 
ring ties were provided as well as bonding for metal 
equipment and components located on it. 

The Diesel Building and the Fan House were 
constructed similarly to the canyon, only smaller in scale. 
The diesel building had been designed with a ground 
loop, only no ground rods were installed. Neither 
building has any roof top LPS equipment or conductors 
provided. 



The H-Canyon is in much better condition than the 
F-Canyon. This appears to be due to fmer additions and 
modifications having been performed on its roof. The 
complete guard railing around the perimeter of the 
structure including the two story high New HB-Line 
addition provides an adequate air terminal system for a 
majority of the facility. The presence of visible ground 
connections form the guard rail into the roof of the 
structure indicates good connection into the facility 
ground. 

The des’ign for the New HB-Line facility called out 
new ground connections in the roof of the existing 
canyon These were not identified, however, at most d 
the locations where these were to be, the walkdown 
identified external g o d  down conductors on the roof or 
running down the outside of the structure to grade and 
into the soil. This indicated a concerted effofi to attach 
the ground cables for the new structure to the existing 
grounds. 

Several pre-engineered metal structures were also 
provided on the roof for support of HE!-Line. These 
structures all have ground wires attached at each comer 
that extend into the slab of the canyon roof. The design 
calls for these cables to be attached to the existing rebar or 
ground wires in the canyon roof. 

Similar to F-Canyon, maintenance for the 
components of the LPS was very poor for H-Canyon. 
Ground loop attachment clips were damaged or missing. 
A 50 foot section of the ground loop had been cut out and 
was missing. Several portions of the ground loop were 
damaged, frayed, or in need of repair or replacement 

Manufactured air terminals had been provided during 
the HE!-Line construction The air terminals installed on 
top of the new elevator tower to HB-Line were made from 
10 foot long copper ground rods installed up side down. 
Also, some communication towers were provided with 
only a 10 inch edension of the ground lead cable as an air 
terminal. None of these manufactured air terminals wexe 
listed components, 

The H Area Exhaust Stack was found to be in very 
poor repair and to have an inadequate LPS. The facility 
had just completed an exqensive engineering study of the 
entire stack and had identified numerous LPS deficiencies. 
A small project had been initiated to correct the 
deficiencies and upgrade the system to be in compliance 
with NFPA 780. The proposed design was modified to 
ensure the new installation will be in compliance when 
complete. 

The Diesel Building and the Fan House in H Area 
are almost identical to F Area, and LPS was found to be 
in the same condition as the F Area Structures. 

Normally, as part of this type of study, field tests d 
the system continuity and ground resistance should be 

performed as was recommended by the f d  report. 
However, due to the age, location, and interconnection to 
the electrical grounding system of the facilities, these test 
were not feasible. 

To adequately test continuity for the LPS and ground 
system would require energizing the system to 
approximately 2,500 V. Since all existing equipment 
grounds are tied to this same ground system, and since 
unpmtected ground plates are located throughout the 
facilities, it was determined that this test would 
unnecessarily endanger facility equipment and personnel 
and, therefore, could not be performed. 

The lack of a system continuity check was deemed to 
be acceptable in this instance, since there have been no 
adverse events with the equipment and systems in either 
of the canyons. Additionally, direct and indirect 
lightning flashes in the F and H Areas have not caused 
any adverse conditions. Theses two situations indicate 
that the existing imbedded ground loop, rebar, and 
ground mat are in acceptable condition and performing 
adequately. 

To perform a ground resistance test requires locating 
a reliable attachment to the existing ground mat and/or 
one or more of the ground rods installed with it. The 
existing ground mat and ground rods are located below 
the floating slab of the canyons. This would place them 
at least 25 feet below grade in soil that most likely 
contains radionuclide contamination. This would require 
extensive hand digging with Health Physics personnel in 
attendance at all times. 

Also, ground testing, using the fall-of-potential 
method, requires large distances (at least 120 feet) d 
unpaved ground, with little or no underground metallic 
components. The areas surrounding the canyons at SRS 
are mostly paved, are congested with underground 
utilities, process piping, and equipment and contain many 
other buildings located in the proximity of the canyons. 

The lack of performance of a ground resistance test far 
the canyons is not a significant issue. Normally a ground 
mat system that is interconnected to the building rebar 
system, like the canyons, will exhibit a ground resistance 
on the order of 1 ohm or less. Due to the lack of any 
adverse lightning events, the assumption of continuity d 
the systems as discussed above, and the difficult testing 
conditions, the lack of ground resistance testing is not 
considered a significant issue for these facilities. 

The completed studies were provided to the facilities 
in written form that could be provided to the DNFSB 
inspectors when they returned for follow-up inspections. 
The information in the reports was also used by facility 
personnel to develop projects to repair and upgrade the 
individual LPS for the various facilities. 



Both Areas have provided the data on the Fan Houses 
and the Diesel Buildings to existing projects that are 
upgrading the facilities, to be used to upgrade the LPS as 
part of their projects. 

F-Canyon developed a new project to completely 
upgrade the LPS for the canyon and FB-Line. However, 
the initial estimates were too high to fund at this time. 
Therefore, funding was provided to clean up and repair the 
highest priority items that could be fixed as maintenance 
items. H-Canyon is presently planning to implement 
similar maintenance type upgrades and repairs for the H- 
Canyon 

S AREA DISSIPATION ARRAY@ SYSTEM 

The original design of the S Area facilities was a fully 
compliant NFPA 780 LPS. When designed NFPA 780 
was numbered NFPA 78, however, this number change 
did not change the requirements of the Code. The major 
process facilities, including the Vitrification Building (S- 
Canyon), were provide with a NFPA 78 compliant LPS, 
an isolated ground system for the Field Operating 
Stations @OS) and Digital Control System (DCS), and a 
system of equipment and LPS grounds. 

As the facility neared completion and testing was 
started on the DCS, the facility began to experience 
numerous losses of the FOS during lightning occurrences 
near the facilities. The FOSs were lost to power surges, 
total loss of power, damage to solid state components, 
and damage to the communication circuits between the 
individual FOS and the main computer. 

In late 1991 and early 1992 the facility implemented 
a project to eliminate the losses of the control systems 
and equipment. A multilpart project was implemented to 
upgrade the lightning protection, the grounding, the 
power supplies, and the communication circuits. The 
project included installation of a new separate isolated 
ground for each individual FOS, new separate and 
independent power supplies with un-intemptable power 
supplies, and independent surge suppression on each 
power supply. Additionally, the hard wire 
communication link between the FOS was replaced with a 
fiber optic link. 

In addition to the above identified modifications, the 
facility installed a Dissipation Army@ System @AS@)[14] 
on top of the NFPA 780 system. This proprietary 
designed and installed system provides protection from 
lightning by dissipating the build-up of electrical charge 
on the facility to the air, thus eliminating the potential 
difference between the structure and the storm cloud. The 
DAS@ will not allow the potential between the site and 
the charged cloud to reach a potential high enough to 
encourage a flash to the site. 

The Dissipation Army@ is sometimes called a 
streamer retarding system, since it retards or eliminates 
the formation of the upward streamer that is the major 
player in lightning attachment process described above. 

The DAS@ uses the principal of point discharge to 
transfer the charge induced on the site or structure by the 
storm to the air molecules via a multi-point ionizer, 
continually throughout the storm. These charged 
molecules form a shielding "Space Charge" between the 
site and the storm. This is shown in Figure 2. The 
resulting charge remaining within the area protected by 
the DAS@ is to low to attract a lightning flash or permit 
any secondary effects of lightning to occurwithin the area. 

Ground Current 1 

\ Storm Induced Charge 
(Electrical Shadow) 

Figure 2, Space Charge 
Used with permission from LEC, Inc. 

The space charge is formed somewhere between the 
DAS@ and the storm cloud. The ionized air molecules, 
formed by the DAS@ discharge, move toward the storm 
cloud, where they form a cloud of ionized air molecules 
that form a screen between the protected area and the 
storm cloud The ionized cloud effectively form a Faraday 
Shield between the cloud and the protected area. This 
also reduces the electric field of the protected area to levels 
to low to form collective streamers [15]. 

As an integral part of the DAS@, the ground loop 
surrounding the protected facilities was greatly enhanced 
and improved. This was accomplished by installing new 
loop materials, ex$ending the loop, and adding Chemical 
Ground Rods to the system. This improvement ensures 
that the DAS@ can pick up and remove sufficient charge 
from the area enclosed by the ground loop. 

Since the installation of the DAS@ and the other 
modifications to the DCS and FOS, S Area has not 
experienced any losses from a direct lightning flash to the 



protected area. However, they occasionally experience a 
loss due to a flash outside of the protected area. Prior to 
the modifcations, the facility was experiencing 
approximately 9 direct lightning flashes per season, which 
all caused some type of DCS or FOS loss. Numerous 
additional losses, caused by indirect flashes or events 
outside of the immediate am occuned. It was not 
unusual to experience a lose of power to a DCS or FOS 
multiple times during the single storm. 

The DAS@ System does not comply with all 
requirements of a NFPA 780. However, the installation 
in S Area has shown a remarkable ability to eliminate the 
effects of lightning on a DCS control system. Many 
NFPA 780 systems do not eliminate damage to sensitive 
electronic systems with out the installation of exm 
precautions and system enhancements. The experience 
with the DAS@ installed at the SRS has shown that it is a 
very reliable enhancement or replacement for a fXly 
compliant NFPA 780 System. 

CONCLUSION 

The lightning protection studies undertaken for the F 
and H Canyons and Support Facilities served two 
purposes. The studies provided needed data to submit to 
the DNFSB and they established a baseline for the 
existing systems installed on the facilities. The studies 
also identified many deficiencies in design, maintenance, 
and surveillances for the LPS. 

The Canyon facilities were originally designed with a 
very effective system, the Faraday Cage. This method d 
protection still provides very effective protection, from the 
effects of a direct lightning flash, for the canyons. 
Problems arise with the addition of new construction and 
equipment located on top of the canyons and outside af 
the Faraday Cage. New construction, such as the FB- 
Line Facilities on top of the canyon, were not provided 
with adequate attachment or exqension to the existing 
LPS. 

Another finding of the lightning studies was the total 
lack of surveillance and preventative maintenance provided 
for the existing lightning protection equipment. The 
facilities were provided with LPS equipment, but since 
installation no attempt has been made to ensure that it 
remains in place and capable of performing its intended 
function The extent of this problem was clearly evident 
when a project estimate to correct the deficiencies for the 
FB-Line facilities was approaching $1 million. 

The Faraday Cage forthe Canyons has shown to be 
very effective in protecting the facilities. During review af 
the lightning events for the F-Canyon and FB-Line, the 
SEPR Data Bank [12] identified 128 lightning events 
af€ecting the facilities since 1959. H A m  had similar 
experience with lightning events as shown by the Data 
Base records. These found events had only minor e f I a  

on the facilities; e.g. loss of power, damage to fuses, 
breakers, and starters,. and false alarms on various 
instruments. None of these events caused a process upset 
or an adverse miction of the process. 

The lightning studies for F and H Area Canyons have 
provided a baseline of the condition of the LPS and their 
compliance to NFPA requhements, and provide the data 
to answer the concerns of the DNFSB. Also, they have 
provided the baseline for future upgrades, maintenance, 
and surveillance p r o m .  

The review made of the S Area DAS@ has provided 
vey good data that can be utilized in future work and 
documentation of this innovative system. While the 
DAS@ does not comply with all of the requirements d 
NETA 780, it does provide a reliable means of preventing 
lightning flashes to the protected area or structure. 

The concept of eliminating flashes to ground, while 
new, does comply with an important concept of lightning 
protection, to eliminate the damage caused by the 
lightning current discharge to a structure or object. A 
LPS can e m  the lightning discharge does not cause 
signiscant damage to a structure or object by redirecting 
the effects of the flash or by preventing the flash from 
striking the structure or object. The DAS@ installed in S 
Area has been shown to be very effective in preventing any 
direct flashes to the protected structures. 

As concluded by this review and as stated in the 
Vitrification Facility Fire Hazards Analysis, the DAS@ 
installed in S Area is an acceptable equivalent system far 
lightning protection, in place of a fully compliant NFPA 
780 system. 
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