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Innovative Technique for Preliminary Highway Location 
HERMAN 0 . JUFFER*, KATHERINE L. COWARD, ANO LAWRENCE E. FOOTE 

In the Trunk Highway 61 preliminary location study conducted by the Minne
sota Department of Transportat ion (DOTI, a broad-scale computer mapping 
technique was used to locate a roadway along a 37-mile portion of the North 
Shore of Lake Superior, a pristine, wildernesslike area with sensitive social, 
economic, and env ironmental cond lt'ions. The unique aspect of the prelimi
nary location report was the study of complex interdependent issues in arriv
ing at a workable location solution. The study consisted of three phasos: Phase 
1 resulted In 14 data maps, 24 analysis maps, and 8 relevant assessment cate
gories. Phase 2, the preliminary location report. identified 68 d ifferent seg
ment alternatives through development of a composite assenmont map and 
input from various agenc ies and interest groups. An altet nativo evaluation 
was conducted based on 12 constraint and 2 opportunity maps of 5 segment 
areas. As a result of the evaluation of route al ternat ives, throe route recom
mendations were derived from the phase 2 study. These were further nar
rowed down to one alternative that required categorical exclusion recom
mendations or preparation of environmental assessments rather than an 
environmental impact statement (EIS). Several Innovative techniques wero 
used on the pro ject : (a) tho geographic analysis and alternative evaluatio n 
were based on a comprehensive inventory compiled on a 2.66-acre cell 
size grid; lb) a thorough, complete, and systematic interdisciplinary involve
ment was initiated early in the process and followed through; (c) this was 
the first Minnesota DOT scoping document that allowed early elimination 
of route alternatives and recommended one olt.ornat ivo for detailed study 
in the environmental process. 

The art of regional landscape analysis is as old as 
mankind. Early man analyzed regional landscapes in 
order to locate wildlife, buildi ng materials, water 
r esources , and housi ng sites. Since that time, in
c r eas i ngly sop histic a ted techniques have been 
developed to use new information and to present it 
in ways that help man underst and the various facets 
of s pecific r eg ional landscapes and their complex 
interrelationships . 

The North Shore study is an example of a s c oping 
document, a technique used by the Mi nnesota Depar t
ment of Transportation (DOT) that involves develop
ing new methods for data collection, data analysis, 
and depiction of the resulting informa t ion. The 
scopi ng proces.s-a fir st step in the environmental 
impact statement (EIS) process-provides for ear ly 
public , aqency , a nd i nterdisc i plinary invol vement. 
It a llows for a choi ce among a small number of logi
cal alternatives and relevant issues to be c hosen 
for further study from a wide range of possible al
ternatives and impacts. 

The North Shore study was used to analyze a spe
cific regional landscape , the North Shore of Lake 
Super ior, in view of plans to improve the existing 
h ighway corridor of US-61 between Two Harbors and 
Illgen City, Minnesota. The North Shore of Lake 
Superior is a pristine, wildernesslike area where 
economic and social concerns are coupled with sensi
tive environmental conditions. The issues involved 
include mobili ty requireme nts , c ri tical natural sys
tems, e ngineer i ng considerations , a nd a e sthetic op
portunities . The majo r groups of us e rs o f US-61 
include local res iden ts , commercial trucking opera
tions, and large groups of tourists that visit the 
area primarily during the summer months. 

The North Shore study , initiated in 1972, e volved 
into a t .hree-part study for improving a por tion of 
US-61 between Two Harbors and Illgen City. Phase 1, 
completed in 1976, was a resource assessment in 
which resource data were inventoried, analyzed, and 
assessed. Phase 2 was the preliminary highway loca-
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tion study, completed in 1979. Phase 3 will be the 
EIS process. 

Phase 2 of the study identified 68 alternative 
segments, which were derived from the compos ite map 
of the data collection and from recommendat ions of 
various par t i c i pa nts and interest groups . The pur
pose of t he phase 2 report , or preliminary l oc at ion 
study, wa s t he reduction of these 68 a lter nat ive 
segments into three route alternatives that could be 
analyzed i n ·grea t e r detail t h r ough the EIS process. 
The compu ter was us ed a s a t ool to highl ight poten
tial problem areas . Duri ng t he EI S process field 
invest i gations a nd data collec tion will be used t o 
examine the i mpacts more closely . In t h is study , 
problems are i d e ntified early to p i npoin t con
straints that may be br ough t i nto the process a t a 
later time. 

The 37-mile segment of US-61 on which the study 
focused is shown in Figure 1. The corridor under 
study is 4 miles wide and is located entirely within 
Lake County. US-61 is a major roadway paralleling 

Figure 1. North Shore US-61 study area in 
northeastern Minnesota. 

the North Shore of La ke Superior a nd connecting 
Dulu t h t o Thunder Bay , Onta rio . Exce p t f o r a 21-
mile, four-lane d i v ided segme·n t between Duluth and 
Two Harbors, the highway is primarily a two-lane fa
cility that winds its way along a rugged shoreline. 
In addition to its function as a major arterial in 
northeastern Minnesota, US-61 is considered one of 
the most scenic drives in the nation. 

PROBLEM AREAS 

Portions of the roadway along US-61 are considered 
problem areas because of hazardous road alignments, 
inadequate shoulders , and subst a nda rd structural ca
pacity. These areas include Silver Creek Cliff, Laf
ayette Bluff, and Chapin's Curve. Both Lafayette. 
Bluff and Silver Creek Cliff have a sharp r ight-an-
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g le turn of the roadway on the rock bluff. Ot her 
problem areas, such as Gooseberry Falls State Park 
and Split Rock Lighthouse S t a t e Pa r k, involve Sec
tion 4f requirements (Nationa l Env i ronmental Policy 
Act). Gooseberry Falls State Park has a small way
side on both sides of the highway that poses a safe
ty problem for pedestrians on the US-61 bridge. 
Problems in the Spli t Rock Lighthouse area are the 
curves and inadequate shoulders. Chapin' s Curve is 
another area that has circuitous highway alignment 
with sharp angle-right turns and a 25-mph speed 
limit. 

PLANNING APPROACH 

The flow diagram in Figure 2 shows the phase 1 and 
phase 2 processe s . Phase 1, the re sour ce assessment, 
was begun in 1972 and was an in- house document com
pl ete d in 1976. Phase 2 identified the 68 alterna
t i ves and separated them by segment. These were then 
evaluated indivii'lually and in combination for poten
tial impact on environmental characteristics. 

This resource approach used a computer program 
called Environmental Planning and Programming Lan
guage (EPPL). EPPL is a packaged data storage and 
ma nipulation prog ram that l ends itself to an inter
discipl i nary approach. 

The comp uter study was a coordinated effort of 
the Minnesota DOT Office of Environmental Services 
and the District Office in Duluth. Inventory and 
"""lv,,.i s criteria were studied and evaluated by a 
team of Minnesota DOT specialists in forestry, 
agronomy, landscape architecture, geology, biology, 
sociology, economics, engineering, and other areas. 
Periodic review and coordination sessions were heli'I 
with the Minnesota State Planning Agency, the Minne
sota Department of Natural Resources, and Minnesota 
DOT District 1. Technical assistance on the computer 
prog r am was provided by the Land Ma nageme nt Informa
t ion Center of the Minnesota State Planni ng Agency. 

There are 63,000 computer cells in ·the study 
area, which is 37 miles long and 4 miles wide. The 
unique feature of this study was the use of a grid 
cell size of 2.66 acres rather than the typical 40-
acre parcel that is available on a statewide basis 
in Minnesota. The smaller cell size of 2-2/3 acres 
provided a detailed view of the study area and its 
affected resources. For each route alternative, 
specific areas of ma j or and severe impact were iso
lat ed and identified for further s tudy in the EIS 
p r ocess . 

l\nother computer program used i .n t he 
p r ocess was the PLOT 150, which o r ga nized 
three-d ime ns ional p ic tu res that c l early 

plann ing 
data in 
depicted 

each route location and surrounding land forms in 
aerial perspective (see Figure 3). 

Th" three steps in the phase 1 process included 
data collection and coding, analysis, and resource 
assessment. The data collected for the North Shore 
study included soils, vegetation, water and tr ibu
tary sys t e ms , water shed s , slope, aspect, ele va tion, 
unique feat ures, e xis t i ng land use, recreational 
land use, land value, roads, and utilities (Figure 
2). 

Through the use of computer system software, new 
data variables were created by various combinations 
of original data acc ord i ng t o c r iter ia provided by a 
variety of resource s pec ial ists in the a na lysis and 
resource assessmen t of phase l . The specialis t s in
cluded wildlife and water-quality people from the 
Minnesota Department of Natural Resources as well as 
the Minnesota DOT wildlife biologist. These new 
variables were then used to assess social, economic, 
environmental, and engineering constraints con
sidered in the development of alternative route lo-
cations in phase 2. 
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In the planning process for this project, a com
plete, systematic interdisciplinary approach was a 
natural because of the sensitive environmental con
straints, the protectiveness of other public agen-
cies, and the concerns of local citizens and public 
interest g roups on the Nor t h Sbor:e. The c.omputer 
process requ ired early inte rd isciplinary inpu.t to 
establish the critical or important factors to be 
considered for preparation of the constraint and op
portunity maps. 

The important elements that make interdisciplin
ary involvement possible go much beyond the Na
tional Environmental Policy Act requirement that 
mandates this. Minnesota DOT wae progressive and 
open in involving nonengineering people in this 
study. It is advantageous to have an interdisciplin
ary person who has a basic understanding of trans
portation problems act as a mediator whe n disputes 
arise and as a coordi na tor with o t her agencies. This 
is especially important in controversial projects 
about which other agencies have raised concern. 

BROAD-SCALE RESOURCE ASSESSMENT 

The broad-scale resource assessment described the 
environmental setting for the entire study area. 
Eight r e s ource assessment maps fr om the phase 1 
study were used to identify the na t ura l and cultural 
features, social patterns, and economic factors that 
would affect highway relocation. 

The following series of six resource assessment 
maps r e p r esented fac t o rs that p .Lace c ons i::x:aJJlt::> vu 
highway development: community cohes i on, displace
ment , public facilities and serv ices , wate r and 
no ise sensitivity , c onservat ion and preservation , 
and e ngi neer ing conside ra t i o ns. Two a dditional 
t ypes of maps were used to determine the des i rable 
l ocat i on opportuni ties fo r development o f t he s c e nic 
h ighway : v i ewi ng o pportun itie s and s c e nic quality. 
Examples of t he eng i nee ring a nd viewi ng oppor tuni
ties maps are shown in Figure 4. 

The example of water-quality analysis shown in 
Figure 5 illustrates the water sensitivity assess
ment. The most sensitive water system was a stream 
with erodible areas in the headwaters area of the 
North Shore. This information formed the basis for 
the water data in the computer pr in tout in Figure 
5. In the computer map, the darker the tone, the 
more environmentally sensitive or more constrained 
the area is; the lighter the computer tone, the more 
opportunity there is for rou t e location. 

The factors that went into the conservation and 
prese r vation evaluation i nc l uded analysis maps tha t 
displayed l and systems , wildlife habitats, sensitive 
land uses , and fire ha :>.ard a r eas . l\n ove r vie w o f 
the conservation and preservation resources indi
cated the many constraints near the shoreline. 
Another important assessment was the v iew ing oppor
tunities or scenic aspects map (Figure 4), which 
indicated those areas as points of interest that can 
be seen within the specified "viewshed" (a viewshed 
is anything visible from a given obs erver point 
within a stated distance). The lightest-toned areas 
on the computer map contain the greatest number of 
visible features. The maximum number of views seen 
from any obse rver l oca t ion is three. 

The t ypes of v iews analyzed were (a) views of 
special features , includ i ng ma n-made s ites such as 
Split Roc k Ligh t ho use , and natural fea tures such as 
waterfalls , cascades , a nd tr out streams ; (b) views 
of land forms, including Pallisade Head, Silver 
Cliff ., islands, and other geologic formations; (c) 
views along the shoreline, defined as the edge of 
Lake Superior; and (d) the view to the horizon, de
fined as l mile into Lake Superior from the shore-
1 ine. The lighter the tone, the more opportunity 
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Figure 3. Three·dimensional aerial perspective showing each 
route location. 

there was for views of these various typesi the 
darker the tone, the less view there was from the 
area. 

Another assessment map, the engineering map, is a 
composite of right-of-way, maintenance, and con
struction factors that may potentially contribute to 
the costs of improving US-61. The intent of this 
map is to point out aceas that are the most accept
able in terms of relative cost and those that should 
be avoided. The darker tones reflect constraints on 
nignway .LOC81:J.On w.i c i1 Lt:~t:-it:..:\. ~v o....,l:.~, .r- ..:;.:,:;;:_~!_::::, 

water s~{stems, slope, land use, ana land values. 
The engineering map revealed no definite solution to 
route location because the above constraints are 
common throughout the region. Those areas with the 
greatest number: of potential cost constraints in
cluded the northern portion of the site, land in and 
around Encampment Forest, and major river crossings. 
The fewest constraints were found in some of the 
flatter inland areas. 

This concluded the phase 1 process and was 
printed in the phase 1 report, the resource assess
ment. 

COMPOSITE OBJECTIVE MAP AND SEGMENT ALTERNATIVES 

In the phase 2 process, the first step was the de
termination of segment alternatives. These were 
derived from a variety of sources. The first desir
able route locations were selected by connecting 
low-impact ar;eas (shown by lighter tones) on a com
posite map called the objective map (see Figure 6). 
The composite map combined all of the site data col
lected in phase 1, giving equal weight to each re
source category. 

Alternatives were also obtained from other agen
cies., including the Minnesota Department of Natural 
Resources, Minnesota DOT District l, and the Minne
sota DOT Office of Environmental Services, and 
through comments received at a public meeting held 
on the North Shore in August 1978. Similar route 
alternatives were consolidated, and the resulting 
network of potential highway locations consisted of 
68 segments. 

To simplify the process of evaluating the large 
number of alternatives, a conceptual framework was 
developed that combined the segments into three con
cepts. These concepts were presented through a con
ceptual framework diagram (see Figure 7), which il
lustrates 

1. An upgrade concept, in which the existing 
highway corridor is used, improvements are made only 
at key problem areas, and realignments are kept as 
close to the existing highway as possible; 
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2. A bypass concept, in which the existing high
way corridor is followed but major problem areas are 
avoided by going around them; and 

3. An inland concept, in which the new route is 
separate from the existing route and parallels the 
interior uplands. 

SEGMENT RESOURCE ASSESSMENT 

In another effort to simplify the study process, the 
route was divided into five segments or geographic 
sections: Two Harbors, Encampment Forest, Goose
berry Falls State Park, the Split Rock Lighthouse/ 
Chapin's Curve area, and Beaver Bay to l llgen City. 
For each segment or section of the route, impact 
maps were used to identify potential impacts or con
straints occurring within the proposed route corri
dor segments (see Figure 8). Only major and severe 
constraints were considered for wildlife habitat, 
slope, erosion, water quality, a 'nd engineering i m
pacts oc constraints were uzcd. llreas with two or 
three viewing opportunities and excellent or very 
good scenic qual.ities were used as a criterion for 
determining aesthetic areas. Parks and residential 
land use potentially affected by unwanted or exces
sive noise were considered noise sensitive. Conif
erous vegetation, which correlates with deer habitat 
and is visually important, was considered an indica
tor of significant vegetation. 

The socioeconomic map identifies areas with 
~rm~nAn~ ~n~ q~~~nn~l hnmP.S. DUblic facilities, and 
community cohesion. All commercial and industrial 
facilities are shown (whether located within or out
side route alternatives) to illustrate the potential 
of the roadway for physically displacing and causing 
shifts in business and employment. 

A tonal chart (see Figure 9) is used to reflect 
the degree of impact created by each segment alter
native according to each construction concept and 
within the various impact c a tegories. This chart is 
based on a scoring system documented by actual num
bers that appear in the appendix of the report. 

The most feasible route segment of the best scor
ing alternatives was depicted through a computer 
aerial perspective of that segment area. After the 
best al tet"nati ves were selected by segments, they 
were synthesized into three primary route locations, 
represented by the basic concepts of upgrade, by
pass, and inland altet"natives . each alternative of
fers a completely different solution to the major 
problems associated with North Shore US-61. The 
three recommended r outes are compared on the basis 
of their respective negative and positive impacts on 
the environment. 

ROUTE SYNTHESIS 

In order to arrive at the three final route loca
tions, the best segment alternatives were first com
bined into 28 different route alternatives. General
ly, the lowest-impact segments from one geographic 
area were directly joined with the lowest-impact 
segments frol1l an adjacent geoqraphi c area to form a 
complete route alternative. In some combinations, 
however, the best al·ternatives had to be connected 
by an additional segment (see Figure 10). 

Each of the 28 route alternatives was categorized 
according to the upgrade, bypass, or inland location 
(Figure 8). The route location alternative was then 
scored for potential negative impacts--the con
s traints--and for potential posit i ve impacts--the 
opportunities. The total constraint score was used 
to rank the alternative within each concept category. 

The constraint scores were also translated into 
an index (see Figure 11) that designated each alter-
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native as low, medium, or high impact. The index, 
ranging from 0 to 9, was calculated by dividing the 
total number of negative impacts by 100. For ex
ample, 0 to 3 classifies an alternative in the low
impact range, 4 to 6 in the medium-impact range, and 
6 to 9 in the high-impact range. 

A route location was then selected from each con-

Figure 5. Water sensitivity diagram showing potential 
pollution and disturbance. 
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cept category. The selection was made by weighing 
the following factors to determine the acceptability 
of each alternative: 

1. The degree of negative impact the alternative 
would have on the environment (preferably in the 
low- to medium-impact range); 

2. How practical the alternative would be in 
terms of its alignment and potential construction; 

3. How well the alternative represented the con
cept it was identified with; and 

4. How its solution compared with those of other 
alternatives similar in concept. 

The upgrade routes included five possibilities (Fig
ure 11)--alternatives with minor realignments and 
alternatives with minor realignments and one bypass 
of a major area. In the bypass category, which in
cluded alternatives with two or more separate by
passes or combined bypasses of two problem areas, 
there were 16 alternatives (see Figure 12). The in
land routes for consideration included alternatives 
with combined bypasses of three or more major prob
lem areas. In this category, six alternatives were 
considered (see Figure 13). 
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ALTERNATIVE RECOMMENDATIONS 

The final route recommendations for the study in
clude the following route recommendations based on 
the pre.vious information: 

1. Upgrade B--A solution using existing US-61 
with new alignment at key problem areas1 

2. Bypass B~A solution that follows the upgrade 
until Gooseberry Falls State Park, where it bypasses 
this area and Split Rock Lighthouse State Park and 
Chapins Curve on new alignment; 

3 . Inland B--A solution on totally new alignment 
3 miles inland fr om Two Harbors to Beaver Bay. 

SUMMARY IMPACTS AND COSTS 

An upgrade route, a bypass route, and an inland 
route were selected from the 28 potential alterna-

Figure 7. Conceptual framework of three route 
alternatives. 
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tives. An aerial perspective of the study area 
shows the three recommended route locations (see 
Figure 14). A summary of impacts associa·ted with 
the three recommended locations is presented in the 
evaluation chart shown in Figure 15. 

The positive impacts of the upgrade route include 
the more scenic route, the possibility of using 
staged construction, and little reduction in the 
business of the commercial establishments. The neg
ative aspects include the major slope impacts. The 
bypass route has an advantage of going around the 
Section 4f lands. The negative aspects include the 
alteration of the slopes and potential impacts on 
deer habitats. The inland route could be constructed 
on relatively flat terrain and would allow for the 
separation of high-mobility and leisure traffic. The 
disadvantages of the inland route are high impacts 
on water quality and disturbance of wilderness area. 
There would also be a reduction in the business of 
commercial establishments along existing US-61. 

The graph in Figure 16 shows the cost estimates 
for the routes. For the upgrade route, the total 
cost would be about $27 million. For the bypass 
route, $30 million would be the base pr ice and add
ing connector roads and turnback costs to upgrade 
existing roads to standards would bring the total to 
$34 million. F-0r the inland route, adding connector 
roads and turnback cost·s to improve old highway 
would total approximately $31 million. 

Figure 8. Impact maps identifying wildlife habitat and unique vegetation, engineering considerations, and aesthetics (numbers refer 
to text of study report). 
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Figure 9. Tonal impact chart. CONCLUSIONS 
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Figure 10. Choice of lowest·scoring 
connecting segment. 

When the Minnesota DOT began the North Shore 
study, there was no agreement about possible alter
natives. The Minnesota Department of Natural 
Resources recon\J"tlen~e~ bypa88l11y Lhe two ~tate parka 
in the study area, whereas some local c i tizens and 
trucking interests preferred a high-speed inland 
route. 

At the scoping meeting on February 26, 1981, it 
was pointed out that all of the alternatives were 
scoped on a relative bas is and all to t he same 
level. Various representatives of local, state, and 
federal agehcies came to the meeting. The attendees 
discussed the three recommended concept routes 
derived through the process and presented their rea
sons for eliminating some of the r ecommended routes. 

Representatives of the U.S. Fish and Wildlife 
Service and the Minnesota Department of Natural 
Resources believed that the inland and bypass alter
natives would involve more impacts based on the en
vironmental considerations. As discussions pro
gressed with these two agencies and the Minnesota 
Pollution Control Agency, their comments iea tu 
elimination of the inland and bypass alternatives 
from consideration for an environmental review pro
cess, and the upgrade alternative was recommended, 
Since that time, FHWA has agreed that an EIS is not 

Figure 11. Constraint index scores for upgrade route combinations. 

Figure 12. Constraint index scores for bypass route combinations. 
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Figure 13. Constraint index scores for inland route combinations. 
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Figure 14. Aerial perspective of study area showing a composite of three 
recommended route locations. ' 

Figure 15. Evaluation chart of impacts for recommended route alternatives. 
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Figure 16. Cost estimate chart. required for the project. FHWA has instead requested 
that environmental assessments be prepa red for spe
cific improvement areas on the upqc-ade alternatives 
or that areas be considered for categorical exclu
sions. 
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The scoping process not only shortened the EIS 
process but also involved the use of several innova
tive techniques, including the following: 

1. The geoqraphic analysis and alternatives 
evaluation were based on a comprehensive inventory 
compiled on a 2-2/3-acre cell size in Minnesota. 

2. The total length of the study area, 37 miles, 
is the longest ever considered by the Minnesota DOT 
i n selecting a corridor or route location by using 
the computer process. 

3. Thorough, complete, and systematic interdis
ciplinary involvement was initiated and continued 
throughout the process. 

4. The graphics and layout were unique and con
tributed to a more readable report. 

5. The study represented the first use by the 
Minnesota DOT of computer-generated, three-dimen
s i onal aerial perspectives to accurately portray 
route locations. 
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6. The study was the first Minnesota DOT scoping 
process that allowed for early elimination of route 
alternatives and reconunended a manageable number of 
alternatives for the EIS process, thus shortening 
the EIS process considerably. 

The Minnesota DOT was impressed with the scoping 
technique used in the study, which provided data for 
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decision making in a comprehensive and efficient 
m1tnner. The phase 2 report was a landmark accom
plishment for the Minnesota DOT. The project repre
sents an integration of the computer mapping tech
nique into the transportation planning process. 

Publication of this paper sponsored by Committee on Landscape and Environ
mental Design. 

Controlling Acidic-Toxic Metal Leachates from 
Southern Appalachian Construction Slopes: 

Mitigating Stream Damage 

ERIC L. MORGAN, WESLEY F. PORAK, AND JOHN A. ARWAY 

Highway construction activities in tho southern Appalachian Mountains hove 
exposed geological formations that contain pyrltic materials (Anakeesta for· 
mation), and drainage from slope and fill hos caused considerable change In 
J treams th et rocoivo these toxle leachates. These drainages, which moblllu 
high levels of free acidity (low pH) and various toxic metals (aluminum, 
copper, Iron, mangene.e, and zinc), have destroyed aquatic ecological systems 
in readms of mountain streams of the Great Smoky Mountains National Park 
and tributaries of Citico River and Tellico River drainages in the Cherokee Na
tional Forest. In the North River drainage of the Tellico River, mitigation 
procedures were initiated in 1977 by FHWA to seal exposed Anakeesta road 
fill of the Tellico-Robbinsville Highway with soil blankets and temporary 
sodium hydroxide (NaOH) neutralization. A study conducted to evuluate 
the ellectiveneH of the controlling technologies used in meeting water-quality 
objectives is described. Assays of fish population, in-stream fish bioassays, and 
water-quality assessments were carried out in the watershed during 1978-1979. 
Initial improvornents in stream weter quality and biologic~I accommodations 
occurred in mitigated streams during NaOH treatments and soil blanket instal
lations. However, survivability tests and fish surveys revealed that rainbow 
trout could not survive in acid streams 6 months alter the soil blankets had 
been installed. Depressed pH and elevated metal concentrations contributed 
to fish mortalities in these streams. 

The scenic Tellico-Robbinsville Highway traverses 
ridges and peaks of the southern Appalachian Moun
tains from Tellico Plains, Tennessee, to Santeetlah 
Gap in the Nantahala National Forest in North Caro
lina. In 1977 acid drainage originating from re
cently constructed road-fill areas was contaminating 
nearby trout streams in the Cherokee National Forest 
(,!). Highly mineralized rock material in the h igh
way embankments was producing acid-toxic metal 
leachates. Deleterious e ffects on aquatic biota oc
curred in McNabb and Hemlock Creeks of the North 
River watershed and Grassy Branch of the Citico 
Creek drainage, which were draining the acidic road 
fill. This problem caused much concern because 
these streams lie within the Tellico Wildlife Man
agement Area, which is known for its good trout 
fishing. Furthermore, much of the region had been 
designated as a potential wilderness area C2l· 

In early 1978 FHWA beqan efforts to mitigate the 

acid drainage problems. The objective of this study 
was to evaluate the inunediate and short-term effec
tiveness of these measures on aquatic life in the 
acid-leachate-mitigated streams. In meeting this 
objective, assays of fish population and in-stream 
toxicity and water-quality assessments were carried 
out from April 1978 to July 1979 in the North River 
drainage basin. 

BACKGROUND 

Highway construction between Tellico Plains, Tennes
see, and Robbinsville, North Carolina, began in 
1965. More than a decade later, in 1977, acid 
drainage from completed sections of the Tellico
Robbinsville Highway altered water quality and re
duced the abundance of trout in the adjoining North 
River and Citico Creek watersheds (1). These water
sheds li~ within the Tellico Wildlife Management 
Area, where streams have typically been soft water-
slightly acidic drainages supporting an excellent 
sport fishery of stocked and native trout species. 
The headwaters of streams affected by Anakeesta 
leachates--McNabb Creek, Hemlock Creek, and Grassy 
Branch Creek--are adjacent to highway embankments. 
These streams exhibited depressed pH values, in
creased concentrations of sulfates, heavy (toxic) 
metals, and acidity. Highway embankments containing 
sulfide-rich pyritic units of the Anakeesta forma
tion were believed to be the sources of acid drain
age <l•ll · 

Neutr alization of acid leachates in receiving 
streams was begun in May 1978 and continued through 
January 1979. An interim mitigation measure of so
dium hydroxide (NaOH) additions was u sed . A 20 per
cent solution of NaOH was gravity-metered into the 
headwaters of affected streams in an attempt to 
maintain a pH level of approximately 5. 8 at the 
mouths of these streams. Additional remedial ac
tions taken to reduce leachate runoff included as
phalt curbing, ditching, and surface drain installa-




