Discussion Paper

Supergrid Environmental Issues

Edwin E. Herricks, University of Illinois

INTRODUCTION

The Continental Supergrid (Supergrid) presents a new paradigm in energy production, transmission, and management, which will have the potential of both mitigating existing, and creating new, environmental impacts from energy production and distribution.  The following discussions are intended to encourage a general assessment of the effects of the supergrid on the environment.  

Before we discuss environmental issues, I would like to consider the analysis/assessment process.  Mainly, I want to argue that an effect is not an impact!  When considering environmental issues, the focus of the analysis/assessment process is on identification of changes in state or condition of the environment as related to an identified cause.  I want to clarify my sense of the relationships among change, effect, and impact. Change is noted when more than one observation of a system detects alteration in the previous state or condition.  If we can establish a cause for the change, it is possible to identify a cause and effect relationship.  This relationship of cause and effect is based on the identification of independent and dependent variables and the careful consideration of all possible outcomes of the independent/dependent relationship between variables.  If the observed effect crosses some threshold the effect can be an impact.  When considering environmental issues, there has been a formalized process of determining impact in place since the 1970’s.  This process recognizes that an impact is more than an identified change, and that observations of change provide limited utility in regulation and management unless a cause can be linked to the observed change.  The starting point for any impact assessment is the identification of change using advanced scientific and technical tools (analysis) and once change has been identified, and we can identify a cause for that change, the impact analysis process can proceed.  To elevate a change to the status of an impact requires more than scientific and technological analysis.  Impact determination is basically a social, political, and economic process (assessment).

The following discussions are effect focused to keep our attention on supergrid environmental issues.  In my assessment of environmental issues associated with the supergrid, I will not emphasize impacts, rather I will identify potential for the analysis of change and the identification of cause and effect couples.  I will depend on impact analysis techniques to guide my discussion of environmental issues.  Where information is available, I will support my analysis, but most of what follows should be considered informed speculation.

GENERAL ENVIRONMENTAL ISSUES

Before I address specific environmental effects of the Continental Supergrid, it may be useful to consider general environmental issues that can be associated with any large project that will involve new technology development, testing, and application, major construction activity, and modification or replacement of existing infrastructure.

Let’s start with a cradle to grave analysis of environmental consequence.  In a new technology, initial attention can be placed on sources of materials.  The analysis of environmental consequence should consider the need for development of new sources of materials, new methods of processing materials, and the manufacture of finished products from processed materials.  This suggests that there is a need to examine the environmental effects associated with the mining, transport, and processing of all materials (new and old) required in the supergrid.  Further, the manufacture of materials may produce effluents/emissions of various sorts that may have environmental consequence.  

After considering source issues, the next step in assessing environmental consequence will focus on construction of supergrid facilities.  A simple assessment will address the placement of the technology on the landscape.  Landscape issues will include area effects and linear effects.  Area effects will be associated with generation and point of distribution or control facilities.  Linear effects will be related to land disturbances associated with installation of the transmission/distribution elements.  Construction effects will generally be short lived, but site selection may affect duration of effect.  Construction-related environmental effects are likely to be important, but site specific.  

The next step in the analysis considers operations.  Given in the supergrid concept are operation of generation facilities (mainly nuclear), and the maintenance of the transmission system.  Environmental consequence of electricity generation have been well studied.  The environmental consequence of transmission systems will require careful assessment of technologies needed for refrigeration and heat dissipation along the line, and the effects of  various safety devices such as rectifiers or redundant transmission facilities along the transmission system.  A simple assessment of the environmental consequence of operation is that it is likely that all of the environmental effects identified for existing energy production and transmission system will apply to the Continental Supergrid system.  

The final step in the cradle to grave analysis considers system decommissioning.  There are clearly defined issues with nuclear power production, and it is highly likely that environmental issues will be associated with the disposal of the “new” materials used in the supergrid system.  Along with the decommissioning of the supergrid system, it seems that it is incumbent on us to consider how the existing system will be decommissioned as older facilities are replaced by the supergrid.

ENVIRONMENTAL EFFECTS

With these general environmental issues identified, it may be useful to consider where we might “begin to begin” in a detailed analysis of the environmental consequence of supergrid development.  Considering the long history of environmental impact activities, I have turned to SCOPE 5 (1975) covering the principles and procedures of environmental impact analysis.  An environmental impact analysis will generally follow the following steps:  

-Identification of effects 
-Prediction of effects 
-Interpretation of impacts 
-Communication 
-Inspection procedures

The identification and prediction of effects usually produces a “litany of horrors.”  This litany will often be based on the assumption that any identified effect is an impact, and that the process should adhere to the definition of a critic as a person “who leaves no turn un-stoned! Fortunately, the 30+ years since passage of NEPA (The National Environmental Policy Act – 1970) a number of procedures have been developed to identify and/or predict effects and interpret impact from effects analysis.  The SCOPE document identifies three principle methods for identifying environmental effects and impacts. 

Checklists: Checklists are comprehensive lists of environmental effects and impact indicators.

Matrices: Matrices use a listing of actions as well as a listing of impact indicators in a matrix that is designed to enhance identification of cause and effect relationships  

Flow diagrams:  Flow diagrams are based on identified or expected process relationships. The flow diagram is based on a connection between cause and effect and is usually applied to simple projects.  

Although it is beyond the scope of this meeting to generate detailed checklists, matrices, or flow diagrams, it may be useful to provide some examples as we consider specific issues of supergrid development, or possibly more importantly consider what environmental analysis should be added to the existing preliminary literature on supergrid development.

One of the most common checklist/matrix approaches is the Leopold matrix.  The Leopold matrix, was developed by Dr. Luna Leopold and his colleagues at the United States Geological Survey (Leopold et. al., 1971).  Although dated, the Leopold matrix can apply to supergrid issues because it was designed for the assessment of impacts associated with construction projects. The matrix provides a checklist to assist effect identification.  The matrix presentation of project actions along the horizontal axis and environmental 'characteristics' and 'conditions' along the vertical axis provides a useful approach to integration of checklists and developing the foundation for construction of flow diagrams.   

	Project Actions

	A. MODIFICATION OF REGIME
a) Exotic flora or fauna introduction
b) Biological Controls
c) Modification of habitat
d) Alteration of ground cover
e) Alteration of ground-water hydrology
f) Alteration of drainage
g) River control and flow codification
h) Canalization
i) Irrigation
j) Weather modification
k) Burning
l) Surface or paving
m) Noise and vibration 

B. LAND TRANSFORMATION AND CONSTRUCTION
a) Urbanization
b) Industrial sites and buildings
c) Airports
d) Highways and bridges
e) Roads and trails
f) Railroads
g) Cables and lifts
h) Transmission lines, pipelines and corridors
i) Barriers, including fencing
j) Channel dredging and straightening
k) Channel revetments
l) Canals
m) Dams and impoundments
n) Piers, seawalls, marinas, & sea terminals
o) Offshore structures
p) Recreational structures
q) Blasting and drilling
r) Cut and fill
s) Tunnels and underground structures

C. RESOURCE EXRACTTION
a) Blasting and drilling
b) Surface excavation
c) Sub-surface excavation and retorting
d) Well drilling and fluid removal 
e) Dredging
f) Clear cutting and other lumbering
g) Commercial fishing and hunting

D. PROCESSING
a) Farming
b) Ranching and grazing
c) Feed lots
d) Dairying
e) Energy generation
f) Mineral processing
g) Metallurgical industry
h) Chemical industry
i) Textile industry
j) Automobile and aircraft
k) Oil refining
l) Food
m) Lumbering
n) Pulp and paper
o) Product storage
	E. LAND ALTERATION
a) Erosion control and terracing
b) Mine sealing and waste control
c) Strip mining rehabilitation
d) Landscaping
e) Harbour dredging
 f) Marsh fill and drainage

F. RESOURCE RENEWAL
a) Reforestation
b) Wildlife stocking and management
c) Ground-water recharge
d) Fertilization application
e) Waste recycling

G. CHANGES IN TRAFFIC
a) Railway
b) Automobile
c) Trucking
d) Shipping
e) Aircraft
f) River and Canal traffic
g ) Pleasure boating
h) Trails
i) Cables and lifts
j) Communication 
k) Pipeline

H. WASTE EMPLACEMENT AND TREATMENT
a) Ocean dumping
b) Landfill
c) Emplacement of tailings, spoil and overburden
d) Underground storage
e) Junk disposal
f) Oil-well flooding
g) Deep-well emplacement
h) Cooling-water discharge
i) Municipal waste discharge including spray irrigation
j) Liquid effluent discharge
k) Stabilization and oxidation ponds
l) Septic tanks, commercial &. domestic
m) Stack and exhaust emission
n) Spent lubricants

I. CHEMICAL TREATMENT
a) Fertilization
b) Chemical deicing of highways, etc.
c) Chemical stabilization of soil 
d) Weed control
e) Insect control (pesticides)

J. ACCIDENTS
a) Explosions
b) Spills and leaks
c) Operational failure

OTHERS
a)
b)


	Environmental 'Characteristics' and 'Conditions'

	PHYSICAL AND CHEMICAL CHARACTERISTICS

	1. Earth
a) Mineral resources
b) Construction material
c) Soils
d) Landform
e) Force fields & background radiation
f) Unique physica1 features

2. Water 
1) Surface
b) Ocean 
c) Underground
d) Qua1ity
e) Temperature
g) Snow, Ice, & permafrost
	3. Atmosphere
a) Quality (gases, particulates)
b) Climate (micro, macro)
c) Temperature 

4. Processes 
a) Floods
b) Erosion 
c) Deposition (sedimentation, precipitation) 
d) Solution 
e) Sorption (ion exchange, complexing) 
f) Compaction and settling 
g) Stability (slides, s1umps) 
h) Stress-strain (earthquake) 
f) Recharge 
i) Air movements

	B. BIOLOGICAL CONDITIONS 
	 

	1. Flora
1) Trees 
b) Shrubs
c) Grass 
d) Crops
e) Microf1ora
f) Aquatic plants
g) Endangered species
h) Barriers 
i) Corridors
	2. Fauna 
a) Birds 
b) Land anirnals including reptiles 
c) Fish & shellfish 
d) Benthic organisms 
e) Insects 
f) Microfauna 
g) Endangered species 
h) Barriers 
i) Corridors 

	C. CULTURAL FACTORS
	 

	1. Land use
a) Wildemess & open spaces
b) Wetlands
c) Forestry
d) Grazing
e) Agriculture 
f) Residential 
g) Commercial
h) Industrial 
i) Mining & quarrying

2.Recreation
a) Hunting
b) Fishing
c) Boating 
d) Swimming
e) Camping & hiking
f) Picnicing
g) Resorts

3. Aesthetics & Human Interest
a) Scenic views and vistas
b) Wilderness qualities
c) Open space qualities
	d) Landscape design 
e) Unique physical features 
f) Parks & reserves 
g) Monuments 
h) Rare & unique species or ecosystems 
i) Historical or archaeological sites and objects 
j) Presence of misfits 

4. Cultural Status 
a) Cultural patterns (life style) 
b) Health and safety 
c) Employment 
d) Population density 

5. Man-Made Facilities and Activities 
a) Structures
b) Transportation network (movement, access) 
c) Utility networks 
d) Waste disposal 
e) Barriers 
f) Corridors

	D. ECOLOGICAL RELATIONSHIPS SUCH AS:

	
1) Salinization of water resources
b) Eutrophication
c) Disease-insect vectors 
d) Food chains
	e) Salinization of surficial material 
f) Brush encroachment 
g) Other

	OTHERS 
a)
b) 
	


A review of the SCOPE assessment of the Leopold matrix in environmental impact can inform the new impact assessment process that will be needed to identify environmental issues for supergrid projects.  The SCOPE review finds that the matrix is comprehensive in covering both the physical-biological and the socio-economic environments although the list biased towards the physical-biological environment.  In the supergrid analysis we should recognize that there has been an increasing emphasis on socio-economic environmental variables, particularly in light of environmental justice.  The Leopold approach is not selective in that it does not focus attention on the most critical concerns, nor does it distinguish immediate and long-term impacts.  Considering the needs of supergrid assessment, it is important that environmental analysis leads to prioritization on the most critical impacts, particularly since technology development at this early stage can adapt to avoid these critical impacts.  Further, the supergrid environmental analysis should have the scope to identify both immediate and long term issues because the project has the potential scope of influencing energy utilization into the foreseeable future.  There is an opportunity in the Leopold matrix to double count impacts.  The method incorporates both quantitative and qualitative data although it does not provide a means for discriminating between them. The SCOPE review found that objectivity is not a strong feature of the Leopold matrix because each assessor is free to develop his own ranking system on the numerical scale ranging from l to 10. This is a particularly critical point for a supergrid assessment because of the high level of public and regulatory scrutiny expected for such as wide ranging project.  The Leopold matrix contains no provision for indicating uncertainty resulting from inadequate data or knowledge and all predictions are treated as if certain to occur. Similarly, there is no way of indicating environmental variability, including the possibility of extremes that would present unacceptable hazards if they did occur, nor are the associated probabilities indicated.  The environmental analysis approach adopted for the supergrid must provide for uncertainty, and clearly address the possibility of extremes of natural and human events.  Possibly the greatest weakness of the Leopold matrix is that it is not efficient in identifying interactions.  In any supergrid analysis, the method must be capable of considering multiple levels of interactions. 

Modern environmental impact analysis has developed well beyond the Leopold matrix of 1977, but there are few projects that have undergone the EIA/EIS project that are as complex and as far reaching as the Continental Supergrid.  I will simply make the argument that the assessment of supergrid environmental impact will require more than a new EIA/EIS paradigm.  The Continental Supergrid will require new assessment procedures that effectively address cradle to grave considerations over large spatial and long temporal scales.  To meet the environmental assessment needs of the Continental Supergrid, we may need a technology development process for environmental effect/impact analysis that is as advanced as the scientific and engineering supporting the supergrid. 

SPECIFIC ENVIRONMENTAL EFFECTS

I consider the full enumeration of specific environmental effects as an impossible task at this time.  It is possible to begin developing a litany of horrors such as considering the potential increase in hydrogen combustion to contribute to the change in local moisture/humidity/weather conditions in high use areas, but I am not sure what benefit that would have in our initial discussions.  What is critical is to carefully assess input and output variables of all supergrid system components from an environmental perspective.  For example, I was struck by the calculations that resistor use on the grid would increase the temperature of a 10-ton cast-iron resistor to 500oC (Garwin and Matisoo, 1967).  The dissipation of this heat might surely have environmental consequence.   I also suggest that large mercury-arc pool type rectifiers or silicon and silicone-controlled rectifiers may add to the distribution of toxic or hazardous materials.  The challenge to our discussions is to consider environmental issues at the earliest stages of supergrid system development.  Further, it is important that environmental issues drive an adaptive approach to technology development.  Adaptive in the sense that early and complete environmental issue analysis can be expected to produce changes in technology, technology applications, and systems operation and configuration.

A FLIP OF THE COIN

The discussion to this point have focused on adverse environmental consequence.  I note that one of the difficulties faced in developing a discussion of environmental issues associated with the supergrid was the fact that the supergrid has the potential of mitigating many existing environmental impacts of energy production, transmission, and use.  For example, the elimination of transmission lines can be expected to remove hazards to birds, and the isolation of landscape units by transmission corridor maintenance.  The development of an infrastructure for the distribution of hydrogen can lead to fossil fuel replacement in transportation and the elimination of emissions that lead to atmospheric contamination and climate change.

Again, it is beyond the scope of this discussion to attempt to identify all of the environmental benefits of the supergrid.  It is important in this discussion to recognize that there can be environmental benefits in this proposal.  Along with a new approach to addressing the environmental issues associated with large scale projects such as the Continental Supergrid, it is critical that these new approaches contain improved methods to identify and account for environmental benefits of new technology, and accommodate an adaptive strategy that will accommodate a continuing effort to mitigate predicted effects early in the technology development process.
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