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State of California 
AIR RESOURCES BOARD 

Resolution 80-68 

December 18, 1980 

WHEREAS, Health and Safety Code Section 39003 provides that the Air 
Resources Board (the "Board") is the state agency charged with coordinating 
efforts to attain and maintain ambient air quality standards; 

WHEREAS, Health and Safety Code Section 39002 provides that local and 
regional authorities have the primary responsibility for control of air 
pollution from all sources other than vehicular sources, and provides 
further that the Board shall undertake control activities in any area 
wherein it determines that the local or regional authority has failed to 
meet the responsibilities given to it by Division 26 of the Health and 
Safety Code or any other provision of law; 

WHEREAS, Health and Safety Code Section 39500 provides that it is the intent 
of the Legislature that the Board shall coordinate, encourage and review the 
efforts of all levels of government as they affect air quality; 

WHEREAS, Health and Safety Code Section 39600 provides that the Board shall 
do such acts as may be necessary for the proper execution of the powers and 
duties granted to, and imposed upon, the Board by Division 26 of the Health 
and Safety Code and by any other provision of law; 

WHEREAS, Health and Safety Code Section 39602 designates the Board as the 
air pollution control agency for all purposes set forth in federal law; and 
provides further that the Board is responsible for preparation of the state 
implementation plan required by the Clean Air Act, and to this end shall 
coordinate the activities of all districts necessary to comply with that Act; 

WHEREAS, Health and Safety Code Section 39605 provides tha.t the Board may 
provide any assistance to any district; 

WHEREAS, Health and Safety Code Section 40001 provides that the local 
districts shall adopt and enforce rules and regulations which a.ssure that 
reasona,ble provision is made to achieve and maintain the state ambient air 
quality standards and shall al so endeavor to achieve and mainta.in the federal 
ambient air quality standards; · 

WHEREAS, Health and Safety Code Section 40440, as presently in effect and 
as amended effective January 1, 1981, requires that the rules and regulations 
of the South Coast Air Quality Management District reflect the best available 
technological and administrative practices; 

WHEREAS, Health and Safety Code Section 40462, as presently in effect and 
as amended effective January l, 1981, requires that the South Coast Air 
Quality Management Plan provide for achievement of state ambient air quality 
standards at the earliest date achievable by application of all reasonable 
and available (or reasonably available) control measures and technologies; 
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WHEREAS, Health and Safety Code Section 40451 provides that on petition 
from any aggrieved person, the Board shall review any action or failure to 
act of the South Coast Air Quality Management District ("SCAQMD") Board of 
Directors, and provides further that if the Board finds that the action or 
inaction of the SCAQMD Board is inconsistent with the purposes of Division 26 
of the Health and Safety Code, the Board may, inter alia, take appropriate 
action to implement and effectuate the purposes of Division 26; 

WHEREAS, Section l07(a) of the Clean Air Act provides that it is the 
responsibility of each state to assure air quality within the entire 
geographic area of the state; 

WHEREAS, Section llO(a)(l) of the Clean Air Act requires that each state 
adopt a plan which provides for the implementation, maintenance and enforce­
ment of national primary ambient air quality standards within each air 
quality control region of the state; 

WHEREAS, Section llO(a)(2) of the Clean Air Act requires that such plan 
provide for the attainment of such standards as expeditiously as practicable; 

WHEREAS, Section 172(a)(l) of the Clean Air Act requires that an implementation
plan for nonattainment areas provide for the attainment of national primary 
ambient air quality standards as expeditiously as practicable and no later than 
December 31, 1982; 

WHEREAS, Section 172(b)(2) of the Clean Air Act requires the implementation 
of all reasonably available control measures as expeditiously as practicable; 

WHEREAS, Section 172(b)(3) of the Clean Air Act requires that such 
nonattainment area plans require reasonable further progress (as defined 
in section 171(1)) including such reduction in emissions from existing 
sources in the area as may be obtained through the adoption, at a minimum, 
of reasonably available control technology; 

WHEREAS, Health and Safety Code Section 41650 provides that the Board shall 
adopt the nonattainment area plan approved by a designated air quality 
planning agency as part of the state implementation plan unless the Board 
finds that the nonattainment area plan will not meet the requirements of the 
Clean Air Act; 

WHEREAS, the California Environmental Quality Act and Board regulations require 
that an action not be adopted as proposed if significant environmental impacts
have been identified and there exist within the jurisdiction of the Board 
feasible mitigation measures or alternatives which would substantially lessen, 
mitigate or avoid such impacts; 

WHEREAS, in February 1978, the SCAQMD Board adopted Rule 475.T, pertaining to 
control of emissions of oxides of nitrogen (NOx) from power plants; 

WHEREAS, the Southern California Edison Company ("SCE") and the Los 
Angeles Department of Water and Power ("LADWP") petitioned the Board pursuant 
to Health and Safety Code Section 40451 to review SCAQMD Rule 475.l; 

WHEREAS, at hearings held from May to August 1978, the Board reviewed 
Rule 475.l pursuant to Health and Safety Code Sections 40451 and 41504; 

WHEREAS, on August 7, 1978, the Board adopted Resolution 78-48, in which it 
found Rule 475.l to be inconsistent with the purposes of Division 26 for 
specified reasons, and in which it also found that: 
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The level of oxides of nitrogen emissions reduction required by 
Rule 475.l is necessary to attain and maintain the federal and 
state ambient air quality standards for nitrogen dioxide, total 
suspended particulate matter, and visibility; and 

The level of oxides of nitrogen emissions reduction required by
Rule 475.l is also likely to result in a net air quality benefit 
by causing reductions in peak ambient oxidant levels in the SCAQMD. 

WHEREAS, the Board in Resolution 78-48 adopted amendments to Rule 475.l; 

WHEREAS, in response to a petition for reconsideration filed by the SCAQMD, 
the Board on January 23, 1979, in Resolution 79-2, reaffirmed its decision 
adopting Resolution 78-48, and affirmed Rule 475.l as adopted by its 
Executive Officer January 22, 1979, subject to such revisions as might be 
made by the SCAQMD consistent with the District's views expressed before 
the Board January 23, 1979; 

WHEREAS, the SCAQMD did not adopt any changes to the Rule, but rather, by 
letter of its Executive Officer dated September 21, 1979, recommended that 
the Board hold hearings and adopt any amendments to the Rule; 

WHEREAS, the Board, following notice and hearings held in January and 
March 1980, on March 27, 1980, adopted Resolution 80-22 in which it amended 
Rule 475.1 and recodified the Rule as Rule 1135.1; 

- WHEREAS, SCE petitioned the Board to reconsider Rule 1135.l (475.1); 

WHEREAS, the Board granted SCE's petition for reconsideration; 

WHEREAS, public hearings have been held and the Board has considered all 
aspects of Rule 1135.1 and has received and considered the evidence 
presented to it; 

- WHEREAS, as specifically set forth in the Statement of Findings and Response 
to Opposing Considerations adopted herewith and made a part of this Resolution, 
the Board finds: 

That the provisions of Rule 1135.1 as amended are technologically 
feasible and cost-effective; 

That the provisions of Rule 1135.1 as amended are necessary to meet 
the requirements of the Clean Air Act; 

That the provisions of Rule 1135.1 as amended assure that reasonable 
provision is made to achieve state ambient air quality standards; 

That the provisions of Rule 1135.1 as amended are appropriate to 
implement and effectuate the purposes of Division 26 of the Health 
and Safety Code; and 

That the provisions of Rule 1135.l as amended reflect the best 
available technological and administrative practices. 



-4-

WHEREAS, the Board further finds, in accordance with the requirements of 
CEQA and as set forth in detail in the Response to Significant Environmental 
Issues incorporated by reference herein: 

That all adverse environmental effects found to be significant by 
the Board can be mitigated by the utilities pursuant to cost-effective 
operating procedures, are being minimized by improved catalyst design, 
or are within the jurisdiction of other public agencies which are 
currently regulating the activities generating such effects so as to 
mitigate any anticipated adverse impacts on the environment; and 

That alternatives considered are either less effective in reducing NOx 
emissions and protecting public health and welfare, or are economically 
infeasible due to excessive increased costs to the utilities. 

NOW, THEREFORE BE IT RESOLVED, that the Board amends SCAQMD Rule 1135.l as set 
forth in Attachment A hereto. 

BE IT FURTHER RESOLVED, that it is appropriate that the SCAQMD consider the 
adoption of regulations which provide for reductions in NOx emissions from 
power plants within the South Coast Air Basin not subject to Rule 1135.1. 

BE IT FURTHER RESOLVED, that the Executive Officer is directed to transmit 
Rule 1135.l as amended to the Environmental Protection Agency for inclusion 
in the California State Implementation Plan. 

I certify that the above is a true and 
correct copy of Resolution 80-68, as 
adopted by the Air Resources Board. 



Attachment A 

Rule 1135. l of the South Coast Air Quality
Management District as Amended by the 

California Air Resources Board 

December 18, 1980 

I. Applicability 

This rule shall apply to any electric utility with a system of 
electric generating units the total rated capacity of which is more than 
500 megawatts. 

Definitions 

Available units are those electric generattng units in the system
which, except during periods of regularly scheduled maintenance, can be 
operated without incurring more than the normally acceptable risk to the 
system, unit, or personnel, and for which fuel can be supplied for at 
least the next day's operation. 

Baseline emissions are emissions of oxides of nitrogen expressed in 
pounds of oxides of nitrogen (as nitrogen dioxide, N02} per hour at each 
of ten load points of equal increments from minimum load to 100 percent
1oad for each unit of a utility as tested by the utility and as reported 
to the Executive Officer in 1979. In the case of units for which no such 
report was submitted in 1979, each affected utility sha11 submit to the 
Executive Officer source test data which show oxides of nitrogen (NOx}
emission rates for 1979 at the load points specified herein. 

Rated capacit¥ is, for any_ele~tric generating unit, ~he lesser of the 
manufacturer's name-pl ate capac1ty 1n megawatts for the um t; or the 
capacity in megawatts to which a unit is restricted by a condition on the 
electric generating unit's permit to operate. 

Steam generated electric capacity is the total rated electric capacity, 
as of January 1, 1978, of all units which produced electricity from electric 
generators driven by steam turbines located within the South Coast Air Basin. 
Steam generated electric capacity does not include electric generating 
capacity of simple or combined cycle gas turbine units. 

Ill. Requirement for Least NOx Dispatch 

A. The owner or opera tor of an electric power generating system sha11 at 
all times operate the available units in the system in a manner that 
minimizes the rate of emissions of oxides of nitrogen from the system
("least NOx dispatch"). Simple cycle gas turbines are exempted from 
the least NOx dispatch requirements. 



B. l. A plan detailing the method for meeting the requirements in sub­
section rrr .A. shall be submitted to the Executive Officer for 
consideration no later than March 1, 1981. Within 60 days of 
receipt of such a plan, the Executive Officer shall approve or 
disapprove the plan. In the event the plan is disapproved, the 
Executive Officer shall notify the affected utility in writing,
and shall state the grounds for the disapproval. Within 30 days 
of such notification, the affected utility shall s.ubmit a revised 
plan which eliminates the stated grounds of disapproval. 

2. A revised plan shall also be submitted to the Executive Officer 
within 30 days after a new or modified unit is added to the system 
or a unit is removed from the system. A revised plan submitted when 
a unit is added to or removed from the system shall be subject to 
the requirements for review, approval and revision set forth in 
subsection nr .B. l. for the original pl an. 

C. Effective 30 days after approval by the Executive Officer, the 
system sha11 be operated according to the approved pl an. 

D. Records relating to compliance with this section shall be kept in 
a manner and form specified by the Executive Officer. 

IV. Requirements for Control 

A. For a utility with a steam generated electric capacity of more than 
500 megawatts and less than 5,000 megawatts: 

Any owner or operator.of an affected electric power generating 
system shall limit the emissions of oxides of nitrogen from 
the steam generators of individual generating units which have 
an aggregate steam generated electric capacity of at least 
910 megawatts to a level not greater than 20 percent of the 
baseline emissions of each unit controlled. Such limit shall 
be achieved over the entire operating load range of each unit 
controlled. 

B. For a utility with a steam generated electric capacity of more than 
5,000 megawatts: 

Any owner or operator of an affected electric power generating 
system shall limit the emissions of oxides of nitrogen from 
the steam generators of individual generating units which have 
an aggregate steam generated electric capacity of at least 
1920 megawatts to a level not greater than 20 percent of the 
baseline emissions of each unit controlled. Such limit shall 
be achieved over the entire operating load range of each unit 
controlled. 
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- V. Compliance Schedule 

A.l. No later than December 1, 1983, each affected utility shall limit 
the emissions of one unit with a rated capacity greater than 300 
megawatts to the levels specified in section IV, provided that this 
provision shall not require an affected utili'ty to attain such limit 
by December 1, 1983 on more than one such untt within tts total system. 

2. Except for the requirements of subsection V.A.l., all controls 
necessary to meet the requirements of this rule shall be installed no 
later than during the first regularly scheduled shutdown after 
October 1, 1985, for each unit on which controls are to be installed 
as specified in the compliance plan required by section V.B. 

3. All units on which controls are to be installed as specified in the 
compl i'ance plan required by section V .B. shall be control led by 
December 31, 1989. 

B. A final compliance plan shall be submitted to the Executive Officer 
for consideration no later than March l, 1981. The plan shall contain 
a list which identifies those units to be controlled and shall include 
a detailed description of the steps that will be taken to satisfy the 
requirements of subsections V.A.l., V.A.2, and V.A.3. The description 
shall contain a construction schedule for each unit on which controls 
are to be installed. Within 30 days of receipt of such a plan, the 
Executive Officer shall approve or disapprove the plan. In the event 
the plan is disapproved, the Executive Officer shall notify the 
affected utility in writing and state the grounds for the disapproval. 
Within 30 days of such notification, the affected utility shall submit 
a revised plan which eliminates the stated grounds for the disapproval. 

VI. Review of Rule 

Within ninety days after one year's operation on any unit of 300 mega­
watts or greater capacity of controls installed to achieve the emission 
reduction required by this rule, and upon request by an affected utility, 
the District Board shall conduct a hearing to consider the experience gained 
in meeting the requirements of the rule; and whether further implementation 
of the rule remains reasonable and necessary to attain the objective of a 
90 percent overall reduction in power plant NOx emissions in the South Coast 
Air Shed. The rule shall remain in effect pending such consideration. Upon 
request by the District Board, the State Air Resources Board shall conduct 
the, hearing. 

VII. Severability 

Except as otherwise provided in this Rule, if any portion of this Rule 
is found to be unenforceable, such finding shall have no effect on the 
enforceability of the remaining portions of the Rule. These remaining 
portions of the Rule shall continue to be in full force and effect. 



State of California 
AIR RESOURCES BOARD 

Public Hearing to Reconsider Rule 1135.1 of the South Coast Air Quality 
Management District and Rule 59.1 of the Ventura Cq1..1nty Air Pqllution Control 
District Controlling Emissions of Oxides of Nitrogen from Power Plants 

Statement of Findings and Response 
to Opposing Considerations 

The Board has reviewed and considered all qf the evi.dence and arguments 
presented to it in hearings on these two rules. This doc1..1ment is not 
intended to be exhaustive. It sets forth formal findings and the principal 
factors on which these findings rest, a.s well as a response to significant 
considerations raisecl in opposition to the Boa.rd's action. 

December 18, 1980 
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1. Finding: Oxides of nitrogen (a mixture of nitric oxide, NO, and 
nitrogen dioxide, N02) are released from a multiplicity of 
sources that include fossil fueled power plants. .Oxides 
of nitrogen (NOx) are rapidly converted to nitrogen 
dioxide (NOz) in the atmosphere, either photochemically 
or by reaction with ozone (Staff Report,* pp 62-69). 

Basis: This finding is based on the Board's general knowledge of 
air quality and photochemistry. This issue has not been 
disputed during this hearing. 

2. Finding: Concentrations of N02 in the ambient air in the South Coast 
Air Basin have persistently exceeded both state and national 
standards for N02 and will continue to exceed these standards 
unless control measures. beyond those alrea<ly existing are 
implemented. 

Basis: The facts on which this finding is based include the following: 

From 1972 to 1979, ambient concentrations, of N02 in the South 
Coast Air Basin exceeded frequently and substantially both 
the national annual average standc1rd and the state one-hour 
standard for N02 (Staff Report, Table lV- 1, 2, 3, pp 36-'38). 

N02 concentrations in the South Coast Air B<1sin are the 
highest of any major metropolitan c1rea in the world (NQx 
Abatement for Stationary Sources in Japan, J,u111pei Ando, 
U.S. EPA, August 1979). . 

The 1979 Ai.r Quality Management Plan for the South Coast Air 
Bas in projects that N02 concentra ti.ans. wj 11 con ti. nl,le to exceed 
the national a.nnual average stc1ndard e.ven if <1,l l the control 
measures identified in the Plan are implemente.d. Based on 
the emissions projections contained in the Air Quality Manage­
ment Plan, it is also expected that the state NQ2 standard 
will continue to be exceeded (see Finding 4~ below). 

3. Finding: Oxides of nitrogen emitted by ga,s and oil fired power plants 
make a substantial contribution to ground level concentrations 
of N02 in the South Coast Air Shed. 

Basis: The facts on which this finding is based i.nclude the following: 

Southern California Edi son (SCE) has. prese.nted extens.i.ve 
technical information on tracer studies. and J1)eteorologtcal 
analyses that lead i.t to conclude that stack_ hetght, buoyc1nt 
plume rise and stable atmospheric conditi.ons c;ombine to reduce 

- *September 19, 1980 ARB Staff Report 
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substantially the influence of power plant emissions 
relative to ground level sources of NOx (Tr, Nov. 5, 
pp 130-155; Nov. 6, 9:30 a.m., pp 1-28; Nov. 6, lQ:00 a.m., 
pp 52-142). 

The ARB staff presented information, including the results 
of tracer re1eases and supporting meteoro1ogi ca 1 analyses., 
~hat lead them to the conclusion that tne. ground leve.1 NQ2 
1mpacts of power p 1 ant NOx are often 1arge and contri. bute 
significantly to violations of both the hourly and annual 
average standards for N02 . (Tr, Nov. 5, 9:l5a.rn., pp 6-26; 
pp 27-36; pp 38-67) 

a. Tracer Studies 

- SCE believes that power plant NOx emiss5ons. result in 
minimal ground level impacts based principally on two 
SF5 tracer studies from th_e_ El Segundo Generating Station 
(ESGS). The first study was condu<;ted by North American 
Weather Consultants on March 6, 7, and 8, 1979 (NAWC 
Report No. SBAQ-79-11 , SCE January 23, 1980 Submitta1). 
Among other conclusions, NAWC s.tated tha,t "during periods 
of exceedances of the one-hour Q.25 parts per rniJlion (ppm) 
N02 standard, ESGS NOx contributions were at most 11 percent 
of the observed ambient NOx concentrations a_t any receptor.'' 

From a series of SF6 tracer tests made from the El Segundo 
Generating Station on September 3-5, 1980, SCE concluded 
that "the plume was diluted in the order of 105 - 107 times 
before it had an impact at ground 1evel. 'l 

SCE concluded from thes.e data that "the plume contributed 
a maximum impact of 2. 5 parts per bi 11 i. on (ppb) of the 
(air monitoring) stations 50-100 ppb NQx concentration 
or a maximum of 5 percent." Although the Board believes 
SCE's analysis correctly represents the ground level 
impact of the one generating unit studied, sub.sequent 
SCE testimony (SCE Submittal, Nov. 3, 1980, pp 0200-Q227; 
Tr, Nov. 6, 9:30 a.m., pp 7-1Q; p 27, ln 22, 23) indicated 
that this plume represents only one of four uni.ts in 
operation at El Segundo. The same testimony indicated 
that the other units a,t El Segundo and other large coastal 
power plants on the Sa,nta Monica, Bat are, alsQ expected to 
make significant contributions to the same receptor areas. 

Other conclusions reached b.y SCE from this study a.re 
similarly based on the emissions from one unit (one-third 
of the generating capacity) of the ESGS and must be multi­
plied by at least a factor of three to represent the 
emissions from the entire ESGS complex, and by a still 
larger factor to account for adjacent power stations along 
the coastline. 
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Analysis presented by the ARB staff indicated that the 
additive ground level impacts from just one generating 
station (El Segundo) was near 20 percent tn Lennox 
during the course of SCE's tests. (Tr, Nov. 6, 
9:30 a.m., pp 21-23) 

In a series of tests performed by Shai.r et al., at 
Haynes/Alamitos (Staff Report, pp 43-44 i;lnd Ref. 3) 
similar, though somewhat h>wer, di1utt9n factors were 
measured (1.57 x 104 at Fullerton Fire Sta,tion Number 
Two on one test). Using the measured SFQ values, the 
N02 impact due solely to the Haynes/Alamitos complex 
would be as high as .11 and .12 ppm, or nearly 50 percent 
of the state ambient air quality standard for N02 of 
0.25 ppm for one hour. Shair also described a tracer 
study (Tr, Nov. 5, pp 38-47) in which SF6 was released 
from the El Segundo Generating Sta ti.on. The res.ul ts. of 
this test showed that the NOx emitted during night.;.time 
land-breeze conditions is widely spread along the coast, 
and that essentially all of the NQx i,s i!,dvected bc1ck 
across the shoreline at surfc1ce level and added to the 
following day's NOx burden. 

b. Other Field Studies 

A number of field studies were considered by the Board 
during the course of these hearings. for example, ambient 
measurements carried out in conjunction wi.th the Haynes/ 
Alamitos tracer studies done i.n 1~74 clearly identified 
elevated ground level concentrations of NQx downwi.nd of 
the power plant complex (Staff .Report, p 4.4; Pig ... IV .4. •. 
p 46). At the point of maximum ground level impact, some 
9 kilometers downwind, NOx concentrations below the center 
line of the plume were elevated as much as 0.15 ppm (150 ppb) 
above the concentrations in areas adjacent to th.e pl u111e. · 
This finding is consistent with impacts inferred from the 
results of the tracer studies, 

C. Meteoro 1 ogi ca 1 Analysis 

SCE's belief that, because the initial plume ris.e is a.t 
times sufficiently high to penetrate the b.ase of the 
inversion layer, emtssi.ons from h5gh stacks used by the 
power plants in the South Coa,st Air Shed prevent a,ny 
impact on ground level N02 concentrations ts contradicted 
by the results of the SF5 tracer studies de.scribed above. 
SCE's beliefs are also contradicted by the meteorological 
analyses presented on pages 41-54 of the AR8- Sta,ff Report. 
These analyses show that, on 8Q percent of the days, the 
base of the inversion as meas.ured a.t Los Angeles lnter­
national Airport, is at or above the power plant plume 
height, and that on 16 of the 21 days i.n the period 1972-1979 
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when N02 concentrations were equal to or greater than 
0.45 ppm, the maximum mixing depth was greater than 
984 feet. These data show that efficient mixing of 
the plume down to ground level would be expected on 
about 80 percent of all days and on 75 percent of those 
days when N02 concentrations are greater than 0.45 ppm.
This finding is also supported by the S02/CO model study
performed by TSC for SCE as interpreted by John Trijonis
(John Tri j onis, Review· of the·· TSC . Report "lmpact ·of· Power 
Plants on Ambient Nitro en Dioxide tn the South Co st Air 
Basin", May 1980 which shows that as much as 13.2 percent 
of the ground level N02 concentrations ts due to NQ~ 
emissions from power plant stacks. 

This conclusion is further supported by the testimony
presented by Professor James Edinger (Tr, Nov. 5, pp49 ff). 
Professor Edinger discussed the merging of the inversion 
layer into the mixing layer over the course of a day and 
presented data that show the mixing layer h deeper at 
inland locations where N02 maxima generally occur than it 
is at the shoreline where the power pla,nts emit and \<1/Qere
SCE's data on the height of the inversion b.ase were. gathered. 
Dr. Edinger's conclusions were graphically illustrated in a 
short time-1 apse film that showed hOI'!. pQ 11 utants trapped
aloft in the inversion layer rapidly mix downward as surfa,ce 
heating occurs. 

Another concern of the Boa.rd' s i. s that the SCE \<Iii tnesses 
have focused cm N02 exceedances that occur early in the 
day, typically around 9:00 a,.m. However, data presented
in the ARB Staff Report (Staff Report, pp 51 and 52) sh0\<11 
that the bulk of the N02 exceedances occur later in tt1.e 
day, well after the time when surface heating has caused 
the mixing layer to deepen and has produced the turbulence 
necessary to mix power plant emissions uniformly down to 
the ground. 

On the basis of these facts -- tracer studies and meteoro-
1ogi ca,l analyses -- the Board believes tha.t the idea, of 
"suppressed mixing" put forwi:i,rd by SCE a,nd thetr consultants 
(Tr, Nov. 6, 4:30 p.~ .• pp 114-119} is a misnomer. This 
phenomenon, which all the technical experts agree can 
sometimes occur because of initial plume rise, is more 
properly characterized as delayed mixing. The evi.dence 
before the Board clearly shows that pollutants tn1nsferred 
initially to the inversion la,yer do not simpl.y dis,;1ppear. 

Thus, the Board concludes that during typical meteoro­
logical conditions associated with vi.olati.ons of ambi,ent 
air quality standards, power plant NOx emissions contribute 
significantly to ground level NQ2 concentrations. Even in 
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those instances when NOx emissions from elevated power 
plant stacks initially reach the inversion layer, under 
the meteorological conditions prevailing in the South Coast 
Air Shed, such emissions do impact at ground level and 
make a substantial contribution to ground level concen­
trations of N02, 

4. Finding: Reductions of NOx emissions from power plants are needed to 
the maximum extent feasible and as early as practi.cable to 
meet state and national ambient ai.r quality stand1;).rds for N02. 

Basis: The facts on which this finding is based include the fo11 owing: 

a. The nonattainment plan for the South Coast Air Basin consists 
of the Air Quality Management Plan adopted in January 1979 by 
the SCAQMD and Southern California Association of Governments 
as amended and approved by the Boa rd. The pl an con ta ins. a. 
commitment to meet the national ambient air quality annual 
average for N0 2 and is based in part on and issumes the 
reduction in NQx emissions to be attained through implemen­
tation of Rule 475.1 or a similar rule. The plan has been 
submitted to the U.S. EPA, and EPA has propo::ied to conditionally 
approve the N02 portion of the plan (45 FR 21271 ff, · 
Aprill, 1980). The plan requires enforceable measures to 
control NOx emissions from power plants in the South Coa::it Air 
Shed. 

b. The South Coast Air Quality Management Plan (AQMP) projects
that in 1982, total NOx emissions in the South Coast Air 
Basin and Ventura County will be approxinJately 1340 tons 
per day.l/ Of that total, approximately 660 tons per dayl/
will be from stationary sources and 680 tons per day will 
be from mobile sources (A9MP, p VII-50). According to the 
AQMP, a 470 tons per dayl emission reduction will be needed 
to attain the federal N02 standard in 1982 (AQMP, p Vlll-33). 
If all suggested mobile and stationary source control measures 
included in the AQMP to be implemented by 1982 are adopted 
and are as effective as planned, approximately 120 tons per
day of NOx emissions reductions will result (AQMP, p IV-2A).
Consequently, an addi tiona 1 350 tons per day NOx emi ss.ion 
reduction (470 less 120) is needed to meet the standard, The 

l. The numbers presented above are different from the numbers reported
in the 1979 AQMP in that the AQMP assumes thc1t Rules 1135. 1 ,;ind 59.1 wi.11 
reduce power pl ant NOx emi ssi ans i.n the SCAB and Ventura County by 50 percent
in 1982. The numbers above are bc1sed on the AQMP but have been changed to 
reflect what the emissions from power plants would have bee.n if Rules 1135. l 
and 59.1 were not in effect. 
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AQMP projects that in 1982, power plants will emit
1over 230 tons per day_l of NOx emissions if left 

uncontrolled. Consequently, even if all emissions 
from power plants were eliminated, the AQMP shows that 
the N02 federal standard would not be attained by 1982. 

c. Approximately 340 tons per dayY of NOx emissions reductions 
basinwide (a 30 percent reduction) will be needed in 1985 
if the national ambient air quality standard for N02 is 
to be met in the South Coast Air B.asin by that date 
(460 tons per dayY for the state one-hour N02 standard).
Emission reductions of approxima,tely 30QY ana 420 tons 
per dayY wi 11 be needed to meet the nati ona.1 and state 
standards, respectively, in 1990. (The required reductions 
are based on the emission projections for 1985 and 1990 
shown in the ARB Staff Report, Table V, p 95.) The number 
of tons per day of NOx emissions which must be reduced in 
order to meet the state and national standards is based on 
a rollback analysis which assumes proportionality between 
NOx emission rates and ambient N02 concentrati.ons. The 
design or "baseline" values used in th_e rollback calculations, 
after adjustment for the hydrocarbon benefit and correction 
for NOx measurement, are 0.46 ppm for the state one-hour 
standard and 0.078 for the national annual average standard. 

The hydrocarbon emission _r_eduction be__ nefit._to_.. amb_._i___ e_n_t. N02 
concentrations was discussed on pages 45-46 of the May 25, 
1978 ARB Staff Report. A Q.88 correction factor of NQx 
measured was used based on ARB laboratory findings
(California Air Quality Data, Quarterly $ummary, Vol. 9, 
No. 1, Jan-March 1977, p 2). · · 

If no corrections were made, the design va.lues would have 
been the maximum hourly average of Q. 59. PPIT! N02 for the 
state one-hour standard and annual average Qf Q.089 ppm 
N02 for the national standard (California Air Quality
Data, 1977 and 1978 Annual Summaries); these uncorrected 
concentrations would have resulted tn an increase in 
needed reductions. Both sets of concentra:tions were 
measured in Pasadena. The maximum hourly average was 
measured in 1978, and the annua1 average· was. for 1977, 
and represent the highest concentrations observed durtn~ 

·the last three years for whi.cn data are avatlab.le. 

2. These numbers are not reported in any documents but have been 
calculated by the Board from numbers included in the references Ci.ted 
throughout this discussion. The calculation procedures are also discussed 
in the text of this finding. 

https://avatlab.le
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d. This finding is consistent with findings made earlier 
by the Southern California Association of Governments, 
the South Coast Air Quality Management District, and 
the Air Resources Board in connection with the adoption 
and approval of the Air Quality Management Plan for the 
South Coast Air Basin (SCAG's Resolution No. 79-l5,8-3, 
January 25, 1979; SCAQMD Resolution No. 79-4, January 26, 
1979; ARB Resolution No. 79-27, May 10, 1979). 

5. Finding: The reductions in power plant NOx emissions in Ventura County 
provided for in Ventura County Air Pollution Control District 
Rule 59. l are required for the attainment and maintenance of 
ambient air quality standards in both Ventura County and in 
the South Coast Air Basin. 

Basis: The facts upon which this finding is based include the following: 

a. Ventura County's Air Quality Maintenance Plan calls ·for 
reductions in both reactive hydrocarbon and oxides of 
nitrogen emissions as a means of attaining the national 
ambient air quality standard for ozone. California's 
State Implementation Plan (Chapter 17, Sta.te Implementation 
Plan, 1979) applicable to Ventura County as. revised in 
April and May 1979 contains a findfng that Rule 59.1, 
which provided for a 90 percent reduction in power plant 
NOx emissions, would be effective in helping to atta.in the 
national ambient air quality standard for ozone. The 
finding also contains a commitment to include such a rule 
in the State Implementation Plan. Power plant NQx emissi.ons 
accounted for 47 percent of the 1977 stationary source NOx 
emissions in the County, and these emtssions represent a 
substantial fraction of the potential control available to 
the District for attainment of the ozone standard. 

b. The County's plan for attainment of and state and federa.l 
standards for suspended particulate matter ("Plan for 
Attainment of Standards for Total Suspended Parti.culate in 
Ventura County", 1980) includes prqjei:;ted reducti.ons in 
suspended nitrates of 3 µg/m3 annual average. According to 
the plan the reductions are to be achieved, in part, by 
controlling NOx emissions from power plants located within 
the County. · 

c. The Air Resources Board resolved i.n 1976 (Resolution 76-29) 
that Ventura County must, i.n adopting regulations, consi.der 
the effects of emissions. originating withi.n the County on 
adjoining air basins when determining the degree of control 
required. This resolution was based on evidence considered 
at that June 26, 1976 hearing which showed mixing of the 
air masses between Ventura County a.nd tn.e rest of the 
South Coast Air Sfled. · 
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d. Tracer releases from SCE's Ormond Beach generating
station (ARB Staff Report, pp 40-41; B. K. Lamb, 
A. Lorenzen and F. H. Shair, Tracer Study of Power 
Plant Emission. Transport and Dispersion from the 
Oxnard/Ventura Plain, prepared by the California 
Institute of Technology for the California Air Resources 
Board, Contract No. ARB-5-306) have demonstrated that 
emissions from that facility are transported to the South 
Coast Air Basin and impact significantly upon atr quality
in that air basin. In particular, NOx from the facility
is clearly contributing to violations of ambient air 
quality standards for NOz at West Los Angeles, Lennox 
and Reseda. 

6. Finding: 

Basis: 

e. A meteorological analysis prepared by Science Applications,
Inc. (''An Estimate of the Degree of Mixing and lhteraction 
Between Los Angeles and Ventura County Air Ba.sins'', 
June 1978) indicates that wi.nd patterns favorable·to 
interbasin transport over coastal and land-based routes 
are found on more than one-half of the days each year.
Transport over the coastal route is common during the 
late fall and winter months when N02 exceedances are most 
likely in the South Coast Air Basin. 

Reduced NOx emissions from power plants will result in slightly
less of a reduction in ozone levels in the western portions of 
the SCAB and Ventura County than would be expected based solely 
on planned and adopted hydrocarbon control mea,sures, and slightly 
greater reductions in ozone levels in the eastern portions of the 
Basin and County, in addition to providing a general reduction 
in N0 2 concentrations throughout the air shed. 

The facts upon which this finding is based include the following: 

a. Field Studies 

Field studies in which the plumes of large power plants 
were traced over di stances of l 00 ki.1 ometers qr more show 
that while NOx in the plume scavenges ldecreases) ozone. 
aloft in the immediate vicinity of the source, NQx 
ultimately increases ozone as the plume moves farther 
downwind and mixes with the surrounding air (AR!l Staff 
Report, p 154 ff). 

b. Air Quality Modeling 

The modeling studies performed by SCE and th.eir cons.ultants, 
Envi ronmenta1 Research and Techno1ogy (ERT) a.nd Sys.tern
Applications, Inc. (SAO relied on both a trajectory and 
a grid (air shed) modeling approach. The analysis made 
by ERT used the ELSTAR trajectory model while SAl used a 
grid model (SAT Air Shed model). The following dis.cussion 



-9-

briefly summarizes the use and applicability of these 
models with regard to the issues before the Board. 

ERT stated that ELSTAR is ideally suited for examining
potential impacts of these Rules on ground level concen­
trations of pollutants directly under the plume. In all 
cases where the model was used, the plume was assumed to 
disperse in the mixing layer in order to maximize calculated 
ground level impacts. In this model, the conservation of 
mass concept (mass balance) is applied to an air column as 
it undergoes vertical diffusion and chemical transformation, 
and receives primary emissions from surface and elevated 
sources, all as the column is advected through the basin. 
The model was used to investigate the effects of power plant 
NOx control measures during both ozone and N02 episodes.
The ozone episode (July 21, 1977) simulates two trajectories 
starting from El Segundo and Los Alamitos at 0700 and 
0800 PDT, respectively. The simulations were carried out 
through 1800 PDT when air columns driven by surface-level 
winds reach the eastern portion of the basin (Fontana.:.Upland). 
The N02 episode (December 6, 1977) simulates two trajectories 
from the same power plants, starting at the same times. 
However, because of low surface winds on this day, the 
trajectories during the 11-hour simulation reach only as 
far as the La Habra-Whittier-Anaheim area. 

The major conclusions reached by SCE on the basis of 
the ERT modeling study with respect to N02 and 03 impa,cts 
are the following: 

0 As a result of the implementation of Rules 1135. l 
and 59.l (in a,ddition to SlP controls in 1987),
peak N02 values wi11 decrease i.n the range of Q.02 
to 0.06 ppm. Due to implementation of the Rules, 
N02 concentrations are predicted to be consistently 
lower in a11 regions covered by the tra,jectory. 

0 The power plant NOx controls will also result in 
increased ozone concentrations, wi.th the change in 
peak ozone values predicted to be in the range of 
0.02 to 0.04 ppm, and with one trajectory predicting 
an increase of 0.10 ppm. Ozone values a,re predicted 
to be higher throughout the trajectory path (including
Fontana-Upland) as a result of the power pla,nt NQx 
controls. · 

The Board believes this analysis to be seriously flawed. 
All vertically resolved trajectory m,odels, including ELSTAR, 
are based on the validity of one critical as)~umption: th.at 
the moving air column retains its integrity th.roughout the 
simulation. Verifying this critical assumption requires a 
knowledge of upper 1eve1 wind data. Based on our general 
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knowledge of meteorology, we believe it unlikely that 
all five vertical layers used in ELSTAR, which extends 
to a total height of 830 meters, are advected by the 
surface winds as was assumed in the model. In fact, 
the ARB staff testified that vertical wind shear has 
been found to be quite pronounced (Tr, Nov. 13, p 7 ff).
It is especially unrealistic to assume that the air column 
retains its integrity over an entire eleven hour simulation 
run. This fundamental assumption regarding the vertical 
integrity of the air column, without a knowledge and 
investigation of upper winds for the days in question,
makes trajectory models such as ELSTAR especic1lly unsuitable 
for assessing the ground level impacts of a strategy for 
controlling the emissions from several elevated sources 
when long transport times and distances are involved, ancl 
when the emissions from these sources are mixed with si gnifi­
cant emissions from other sources. 

Furthermore, both SAI and the ARB staff testified that multi­
day (at least 2 day) air quality simula.tions are required tQ 
assess the impact of control measures. Th.is is necessary in 
order to minimize the influence of assumecl initial conditions 
on conclusions drawn from model predictions. Hqwever,
trajectory models, by the very nature of their formulation, 
are not suitable for multi-day runs. Th.is is because it is 
extremely rare for an air parcel or air column to maintain 
its integrity over a 12-hour period, as discussed above, 
much less for 48 hours. The Board believes that this short­
coming a 1 so precludes the use of trajectory mode Hng a.s a 
tool for evaluating the air quality effects of individual 
control strategies. 

The SAI modeling analysis used a 3-di.mensi.onal a.i.r sh.eel 
model to simulate the photochemical reacti_ons i.n the 
atmosphere. Although an early $Al analysis. wa.s b.il.sed 9n 
a one-day simulation, later stmula.tions were made by SAI 
for a. multi-day ozone episode that occurrecl on June 26 
and 27, 1974, when the highest ozone concentration measured 
at Upland was 0.51 ppm. · The application of a 3-climensi,onal 
model, such as the SAI atr shecl model, is generally
preferable to the trajectory modeling fqrmulation used by
ERT because it can more adequately treat temporal and 
spatial variations. in winds a.t the surface ancl aloft, ancl 
can characterize more realistically the downwind transport
and dispersion of elevated plumes.· 

The SAI modeling results for NO (Tr, Nov. 5, p 16 ff) show 
that a general decrease in N02 ~oncentrations -- at least 
0.02 ppm -- directly downwind of the power plants in the 
Basin would have resulted from the. Rules on these days.
Dr. Philip Roth of SAI testified furth.er that, beca.use 

https://furth.er
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of the 5 kilometer grid size used, the model probably 
underestimates the near field impacts of the plumes 
on N02 air quality. 

The results of the SAI analysis for 1987 show a slight 
decrease in ozone concentrations in the eastern portion 
of the South Coast Air Basin (in the range of 0.01 to 
0.02 ppm) due to implementation of the Rules. These 
decreases occur some 45 to 100 kilometers downwind 
from the coastal power plants. A corresponding ozone 
increase of about 0.02 ppm is predicted to occur near 
the power plants for downwind distances up to 20 kilo­
meters as a result of the Rules. The ozone increases 
generally occur to the west of a north-south line 
passing through Fontana. 

Dr. Roth and Mr. Killus further testified (Tr, Noy. 6, 
4:00 p.m., pp 8-9; pp 23-29) that their analysis showed 
significant reductions in ambient ozone concentrations in 
1987 due to the implementation of other hydrocarbon and 
oxides of nitrogen control meas.ures contc1i.ned in the South 
Coast Air Quality Management Plan, and that these significant 
reductions in ozone concentrations would occur regardless of 
the implementation of Rules 1135.l and 59.1. 

Dr. Trijonis, in his review of the SAl modeling analysis 
(John Trijonis, Critique of the SCE Report: "Power Plant 
NOx Emissions and Ambient Air ualit in the South Coast 
Air Basin,' May 1980 , suggests that an ana ysis of 
historical air quality data tends tci show the dividing 
line between ozone increases and decreases due solely to 
Rules 1135.1 and 59. l to be farther to the west than 
indicated by the SAI modeling results.. Dr. TrUoni.s 
believed that the Rules, considered alone, would produce 
slightly lower ozone levels in tl1ose populated areas where 
the ambient air qua 1 i ty sta.ndards. fqr ozone are exceeded 
by the widest margin. 

In addition, the ARB staff's rebuttal of the SAI analysis 
of the wind field on June 26-27, 1974, indi,cates thaJ the 
wind field generated by the SAI model tends, to adyect 
po11 utan ts out of the basin too quickly and does not 
adequately represent the effect of poll utants in the 
Basin carried over from one day to the next. If true, 
this flaw would result i.n the same errors noted by 
Dr. Trijonis and discussed in the precedin~ paragra,ph. 

The ARB staff also performed an. i.ndep.end.ent modeling 
analysis (ARB Staff Report, p 168 ff) using the EKMA 
and SMOG models. The Board believes th.at the results of 
these studies lead to essentially tne same conclusion as 
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the studies conducted by SAI. The EKMA analysis indicated 
that a regional reduction (which may be small) in peak 
ozone concentrations is to be expected due solely to NOx 
controls on power plants. The SMOG modeling analysis, 
using hypothetical input data to simulate a power plant 
plume advected through an urban area, showed slight ozone 
decreases of about 0.02 ppm at the downwind end of the 
grid without the power plant plume, as contrasted to the 
case with the plume. The SMOG modeling analysis also 
indicated an increas.e in th.e ground le.vel N02 . concent.rations 
throughout the basin due to the addition of the plume. 
Since the ARB staff's modeling analysis was for a hypothetical 
situation, the results cannot be compared directly with the 
SAI results. However, the results agree qualitatively with 
the SAI analysis in that they show that power plants are 
producing elevated ozone concentrations in the eastern 
portion of the SCAB, and that reductions in power plant 
NOx emissions will result in slight increases in ozone 
concentrations in upwind areas, slight decreases in ozone 
concentrations in downwind areas, and significant decreases 
in N02 concentrations in both upwind and downwi.nd areas. 

7. Finding: The issue of the toxicity of ozone relattve to the toxicity of 
nitrogen dioxide is not relevant to this proceeding. 

Basis: The facts upon which this finding is ba.sed include the following: 

The Board believes that it is necessary to limit a.mbient levels 
of both these pollutants, given the existence of federal and 
state ambient air qual tty standards for each pollutant, and of 
data showing clear exceedances for both pollutants (Tr, Nov. 6, 
4:00 p.m., p 74, ln 10-21). 

In making this finding the Board takes notice of SCE's unclqcumented 
assertion about relative toxicity (SCE Comments, page 00047; 
Tr, Nov. 6, 4:00 p.m;, p 73, ln 15 - p 77, ln 13}. · Tile 8oa.rd 
also takes notice of "Comments, on Oxides. of NHrogen·contrqls" 
by William Innes. One of tile comments of Mr. Innes refers to a 
previous presentation by Mr. Innes, at the American Jnclustrial 
Hygiene Association, in which he discuss.ed the issue of relative 
toxicity. In neither of these discussions of the issue of 
relative toxicity is there any recognition given the overriding 
issue of attainment of amb.ient air quality standards for lloth 
N02 and ozone. 

8. Finding: Particulate nitrate matter is a stgnificant contributor to 
the total suspended particulate burden i.n the $outh Coast Air 
Basin, especially in the downwind receptor areas in the eastern 
part of the Basin. The control of NOx emissions i.s a.n essential 
component of the strategy to reduce total suspended particulate 
matter. 
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Basis: 

9. Finding: 

Basis: 

The facts upon which this finding is based include the following: 

In 1979, air monitoring stations measured violations of the state 
total suspended particulate matter standard on more than half of 
the samples. The California Air Quality Data Bank, the Board's 
ACHEX Field Study, and the study by Pitts and Grosjean 
(James N. Pitts, Jr., and Daniel Grosjean, Detailed Characterization 
of Gaseous and Size-Resolved Particulate Pollutants at a South 
Coast Air Basin Smog Receptor Site: Levels and Modes of Formation 
of Sulfate, Nitrate and Organic Particulates and Their Implications 
for Control Strategies, Final Report, California Air Resources 
Board, Contracts ARB-5-384 and A6-l7l-30 (1978)) show that nitrates 
frequently comprise one-third of the total particula,te burden in 
the eastern part of the Basin. SCE introduced testimony to show 
that nitrate measurements are inaccurate a,nd frequently dominated 
by artifact formation and that control of NOx emissions would be 
of little or no value in reducing tota,l suspended particulate 
matter. 

However, in his written testimony during the hearing on November 13, 
1980, Dr. Bruce Appel showed tnat even when the inf1 uence of 
artifact nitrates is subtracted, ambient nitrate levels are still 
quite high. Dr. Appel also emphasized the fact that atmospheric 
acidity can lead to the remova,l of particulate nitrate from the 
surface of sampling filters. This "negative artifact" phenomenon 
can cause measured nitrate concentrations to be lower than actual 
concentrations. Dr. Appe1 concluded that particulate ni. trate 
still accounts for a, substa,ntfal contribution to the total 
suspended particulate burden. Dr. Appel 's statement additionally
shows that a substantial portion of the nitrate aerosol particles 
exist in the inhalable size range, which is a,lso the size range 
that most efficiently scatters visible light and, hence, con­
tributes most heavily to visibility degradation. 

Particulate nitrate contributes to visibility clegrada,tion, and 
control of N02 is an important factor in the effort to improve
visibility in the South Coast Air Basin. 

The facts upon which this finding is ba,sed include the following: 

In the eastern portion of the South Coast Air Basin, visibility 
was reduced to less than 3 miles by air pollution on 75 days 
during 1979 (ARB Staff Report, p 87; South Coast Air Quality
Management District, Summar of Air ualit in the South Coast 
Air Basin in California 1979, June, 1980; 

The Board's ACHEX Study (G.M. Hidy, Ed. Characterization of 
Aeroso1 s in Ca1 i forni a, Vo1. IV, ACHEX Fina1 RepQrt, 
California Air Resources Bc;iard, Contrac;t 348, (1974) L Pitts 
and Grosjean (James N. Pitts, Jr., a,nd Daniel Grosjean, 
Detailed Characterization of Gaseous and Size-Resolved 
Particulate Pollutants at a South Coast Afr Basin Smog 
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10. Finding: 

- Basis: 

Receptor Site: Levels and Modes of Formation of Sulfate, 
Nitrate and Organic Particulates and Their Implications
for Control Strategies, Final Report, California Air 
Resources Board, Contracts ARB-5-384 and A6-171-30 (1978)), 
and Trijonis {John Trijonis, Visibility in California, 
Final Report, California Air Resources Board, Contract 
A7-181-30 (1980)) have performed analyses which show that 
visibility impairment is explained almost entirely by the 
sulfate and nitrate aerosol fractions (ARB Staff Report, 
p 171 ) . 

However, SCE believes that nitrate measurements are dominated 
by artifact nitrate formation and that there is very little 
nitrate aerosol to degrade visibility. 

The artifact nitrate issue was discussed in Finding 8 above. 
In addition, Dr. Appel reported that 70 percent of the nitrate 
sampled by his group was below 3:5 microns i.n size, and that 
particles in this size range are extremely effe.cttve in 
scattering visible light and thus degrading visibility. 

NOx emissions contribute to acid precipitation in the 
South Coast Air Basin. · · 

The facts upon which this finding is based include the following: 

Chemical analysis of rainfall samples from World Meteqrological 
Organization background sites inclicates that nitrate ion 
concentrations at these sites are not measura.ble. Even in 
urban areas, measurements taken at the encl of rainstorms 
exhibit pH values close to the theoretical background value of 
5.65 for water in equilibrium with atmospheric carbon dioxioe 
(Tr, Nov. 6, 4:00 p.m., p 46 ff). 

Recent studies (ARB Staff Report, p 1751 in the South Coast Air 
Basin have shown that rainfall acidity is typically 10-100 times 
more acidic than unpolluted rain (ARB Staff .. Report, p 175), with 
maximum acidity nearly 1000 times the background unpqlluted
value. Nitrate and nitrite ion concentrations in r~infall 
from Pasadena show significant correlations with ambient 
nitric oxide concentrations. 

SCE questioned the existence of an acid rain problem in the 
South Coast Air Shed (SCE Submittal, p 843), .and presented
data from "background" locations in remote areas to support
their position. However, the ARB staff showed (S,taff R.ebutta.1, 
Nov. 13, 1980, Att Vt, pp 1-2) that the locations listed bY $CE, 
although remote, are impacted by emissions. from anthropogenic 
sources, and that acid precipitation at these sites ts 
incorrectly interpreted as representing natural backgr<:iund
values. · 
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Since nitrate ions have been shown in the South Coast Air 
Basin studies to be in many cases at least as important as 
sulfate ions (ARB Staff Report, pp 88-89) and since the 
levels of nitrate and sulfate correlate well with rainfall 
acidity (J.J. Morgan, et al, Measurement and Interpretation 
of Acid Rainfall in the Los Angeles Basin, Final Report,
California Air Resources Board, Contract No. A?-110-30),
the Board finds that power plant NOx emissions are contributing
significantly to acid precipitation in the South Goa.st Air Basin. 

l l. Finding: The above findings that power plant NOx emissions will have 
significant impact on ground level N02 concentrations are 
generally applicable to other pollutants and to emissions 
from tall stacks in general. 

a 

Basis: This finding is based on the same informa.ti.on and same rationale 
as presented in Finding 3. The conclusions drawn frqm the SF6 
tracer studies and from the meteorological analyses apply
equally to any gaseous or fine particulate pollutants emitted 
from elevated sources in the South Coast Ai~ Shed. 

Although pollutants other than NOx were not specifically
discussed at these hearings, the findings regarding the effects 
of tall stacks in the air shed apply equally well to polluta,nts
other than NOx, and the various modeling studie.s (see Basis 
for Finding 6) can similarly be applied to other pollutants by
applying appropriate chemical transformations tht3t occur while 
the pollutant is in transit. Inasmuch as power plant stacks 
produce the highest effective stack height of ani stacks in the 
South Coast Air Shed, it must be concluded that any stack with 
a lower effective stack height will also significantly impact 
ground level air quality. · 

12. Finding: A strategy to achieve the maximum practtcable reductfqn of NOx 
emissions from power plants should first consider the reduction 
in NOx from a 50 percent cutba,ck in oil and gas burning, and 
then include adoption of a measure which will reduce by 80 percent 
the NOx emissions from six to seven of the largest SCE steam 
generating units and three of the largest LADWP stea,m generating 
units. 

Basis: The facts upon which this finding is based i.nclude the followin9: 

a. There are regulatory and economic pressures. to significantly 
reduce the consumption of oil and gas by uti.lities. 

Although it is impossible for anyone to predict precisely 
the energy future of the United States a.t this time, it is 
certain that great pressures do and will continue to exist 
to reduce fuel oil and natural gas burning. These pressures 
are reflected in the current provisions of the Powerplant 
and Industrial Fuel Use Act (42 u.s.c. 8301 et seq.), 
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Section 301, which prohibits the use of natural gas 
as a primary energy source in an existing power plant 
after January l, 1990. The likelihood of a future 
decrease in oil and gas burning to generate electricity 
is also seen in submissions by the utilities to the 
California Energy Commission. (Submissions to the 
California Energy Commission by SCE and LADWP for 
common forecasting methodology (CFM) II,- July 1979J 
and CFM III, July 1980). 

The record of the Board hearings on Rules 1135.1 and 59.1 
in January and March 1980 contains abundant evidence 
presented by the utilities that because of an expected
decrease in oil and natural gas availability, a substantial 
decrease in oil and gas generated electricity in the South 
Coast Air Shed could be expected (e.g., Tr, January 30, 
pp 72-80). 

Additionally, even if natural gas and oil are available to 
Ca1iforni a utilities, the price of these fue 1 s may be 
expected with a considerab1e degree of certainty to increase 
throughout the l980's and beyond, so that there will. oe a 
considerable economic incentive for utilities to reduce 
substantially their use of these fuels. 

It is impossible to quantify precisely the reduction in 
future use of gas and oil for electrical generation,
particularly for 1990 and beyond. Estimates have ranged
from a 23 percent reduction to 50 percent reduction. 
(Tr, January 30, 1980, p 49; SCE CFM UI • 198Q; LADWP 
CFM III, 1980; ARB Staff Report, p 154.} 

Based on the available evidence, the lloard concludes that 
50 percent is a reasonable upper limi.t for th_e expected
reduction in oil and gas use by utilities in the South 
Coast Air Shed by 1990. 

b. These pressures will also result i.n a de<;:rease in the 
amount of electricity generated by existing units in the 
South Coast Air Shed. · 

A decrease of 50 percent in oi. l and gas burning by utilities 
in the South Coast Air Shed by 1990 will result in a 
substantial reduction in the amount of electricity generated 
from existing power plants in the Air Shed. 

Virtually all of the gas and oil used by SCE an<;\ LADWP is 
used in the existing steam generating units_ which_ are located 
in the South Coast Ai.r Shed. Therefore., a recluction i.n oil 
and gas qmsumpti on wi 11 re.sul t in a correspqnc\i.ng reduction 
in electrical generati on from the. stea.m generating uni.ts 

https://correspqnc\i.ng
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governed by the Rules. The submittals of SCE and LADWP 
to the California Energy Commission (CFM III, July 1980) 
show that the amount of electricity to be generated by
these steam generating units in the Air Shed will decrease 
annually from 1980 to 1990. 

The remaining demand for electricity in the South Coast 
Air Shed will be principally satisfied by the newer, 
larger, and more-efficient units in the utilities' systems. 

With a 50 percent decrease in oil and gas burning by the 
utilities and the corresponding reduction in electricity 
generated in the South Coast Air Shed, the base load* 
capacity needed from steam generating units in the Air 
Shed after 1990 can be supplied by six or seven of SCE's 
largest steam generating units and three of LADWP's 
largest steam generating units. 

The ARB staff testified at the March 27, 1980 hearing that 
with a 50 percent oil and gas cutback and the corresponding 
reduction in electricity generation in the Air Shed.only a 
relatively few steam generating units would b.e needed to 
supply the base electrical demand (Tr, March 27, 1980, 
pp 65-70). The ARB staff further indicated that tt believed 
the aggregate rated capacity required to sc1tisfy the b.ase 
load demand under such a condition would be 3420 megawatts
for SCE and 1003 megawc1tts for LADWP. Detailed data submitted 
to the ARB staff by the utilities on their steam generattng
units (Based on various letters from utilities, for example, 
letter from James Mulloy, LADWP top, Venturini, January 27, 
1978) show that generally the largest units are. also among·
the newer, more efficient and least NOx emitting units. 
These points were not contested by tile utilities. Therefore, 
the Board finds it reasonable to conclude that these larger 
units would be selected by the utilities to remain as base 
load units after 1990. 

LADWP's submittals to the California Energy Commission 
generally support this concl us ion. The CQll)ll)On Forecasting 
Methodology III (Submitted by LADI-IP tg the CEC tn July 1980)
cites high projected capacity fc1ctors f9r th.e large units 
and low capacity factors for sma11 units. (CPM UJ, Form 
No. R-5, pp 1-3.) However, SCE in its Common Forecasting
Methodology III (Form No. R-5, p 254) shows increasing 
capacity factors for its units that are less than 100 
megawatts of capacity. In fact, $CE projects for the year 
2000, that the small, inefficient units will have h.igher 
capacity factors than a11 other steam generating uni ts 
in the Air Shed. This does not support the.~cor:iclusion 
that the sma 11 units wil 1 not be used as base loc;1d units. 

*As used in these findings, base load means the relatively constant portion 
of electrical demand. 
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The reasons for SCE's projected high capacity factors 
for small units are unclear since operating these units 
at such high capacity factors is contrary to both 
economic dispatch and least NOx dispatch. Further, the 
ARB staff testified that at workshops conducted prior to 
this hearing, SCE agreed that with a 50 percent oil and 
gas cutback, the generating capacity of six of their 
largest units would adequately supply their base electrical 
needs after 1990 (Tr, March 27, 1980, pp 65-70). Based on 
the lack of any rational basis to support SCE's most 
recent projections and their inconsistency with previous
SCE projections and recent LADWP projections, the Board 
concludes that the base load demand in 1990 ca.n be met by 
six or seven of SCE's largest units. 

d. A 50 percent reduction in oil and gas used will result in 
at least a 50 percent reduction in power plant NOx emissions, 
with 90 percent of the remaining NOx emitted by relatively 
few base loaded units. 

Detailed data submitted by the utilities to the ARB staff 
show that the larger steam generating uni.ts are newer, 
more efficient and emit less NQx than the smaller units 
(Based on various letters from utilities, for example,
letter from James Mulloy, L.ADWP to P. Venturini, January 27, 
1978). Operating the more efficient units at higher 
capacity factors and decreasing the capacity factors of 
the less efficient units would appear, on its face, to be 
consistent with the goal to reduce oil and gas con sump ti on. 
Furthermore, operating the lower polluting units at higher 
capacity factors is also consistent with the least NOx 
dispatch requirements of the Rules. For these two reasons, 
the utilities are likely to operate their newer units more 
often in order to minimize fuel costs and to comply with 
least NOx dispatch. Thus, a 50 percent reduction in oil 
and gas consumption will likely result in a greater than 
50 percent reduction in power plant NOx emissic>ns. 

Based on information provided by the staff the 8-oarcl 
estimated the amount of emissions that would result from 
the uncontro11 ed operati on Qf the bas.e l Oil,de.d units after 
1990 (Staff Report, dated September 19, 1980, pp 244,-252). 
With the assumption that there would be a 50 percent
reduction in oil and gas use after 1990, and that this, 
combined with implementation of a leil,st NQx dispatch plan, 
would result in at least a 50 percent reduction in NOx 
emissions, the ARB staff calculated that 90oercent of 
the remaining emissions would come from six or the largest 
SCE units and three of the largest LADWP units. This 
point was not disputed by the uti.lities. 



e. With a 50 percent oil and gas cutback and the imple­
mentation of a least NOx dispatch plan, rules requiring 
an 80 percent decrease in the emissions from six or seven 
of the largest SCE steam generating units and from three 
of the largest LADWP steam generating units will result 
in an overall decrease in power plant NOx emissions in the 
South Coast Air Shed of nearly 90 percent. 

The ARB staff prepared a scenario for SCE (ARB Staff Report, 
September 19, 1980, pp 244-252) based on the installation 
of selective catalytic reduction (SCR) systems achieving 
90 percent control on two 800 megawatt units in Ventura 
County and four 480 megawatt units in the South Coast Air 
Basin. The ARB staff also prepared a scenario for LADWP 
(ARB Staff Report, pp 244-252) based on the retrofit of 
SCR on Haynes 5 and 6 (344 megawatts each) and Scattergood 3 
(315 meg?watts). The above nine units are among the largest, 
newest and most efficient units in the utilities' systems.
The Board estimates that under these scenarios, but adjusted
for only 80 percent control on those units, there would be a.n 
89 percent reduction in annual power plant NOx emissi.ons. 

This analysis is based on the fact that a 50 percent cutback 
in oil and gas use by 1990, together with the implementation 
of a least NOx dispatch plan, can achteve as much as a 
60 percent reduction in NOx emissions if capacity factors 
ar~ higher for the base 1oaded units. and l o.w for th.e peaking
un1 ts (ARB Staff Report, September 19, 1980, pp 244-252). 
Of the remaining 40 percent of the emissions, 90 percent
will come from the nine or ten large base loi;l,d units. 
Controlling these base load units b.Y 80 percent will result 
in an additional reduction in emis.sions. of 29 percent 
(90 percent times 40 percent times 80 percent). Therefore, 
the total reduction would be 89 percent (60 percent plus 
29 percent) . 

SCE presented written testimony (SCE Written Testimony, 
Dec. 2, 1980, p 13) at the December 2, 1980 heartng
describing a scenario based on the retrofit of SCR. on 
slightly different units (two 800 megawatt units, two 
480 megawatt units, and three 320 megawatt units, a total 
of seven units, as contrasted with the ARB staff's scenario 
of six uni ts). LADWP al so presented .written testimony at 
the December 2, 1980 hearing describing a scenario ba~ed 
on the retrofit of SCR. on Haynes uni ts No. l (224 megawatts), 
5 and 6 (both 344 megawatts). Although the scenarios 
<level oped by the ARB staff and the uti.1 i ti es ca11 for the 
installation of SCR on some different units, the total 
steam generating capacity proposed to tie retrofitted is 
similar in magnitude in each case. Cons,equently, the 
Board finds that the overa11 emissions reducti.ons achieved 
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in these scenarios will be similar if all retrofitted 
units are controlled by 80 percent, a 50 percent
reduction in oil and gas consumption occurs, and least 
N0x dispatch is implemented. 

f. A control strategy requiring the installation of 80 
percent controls only on a limited number of base load 
units (or equivalent capacity) is prudent and reasonable 
because requiring controls on units which may not have 
significant use after 1990 would result in excessive 
costs. 

SCE testified that the amount of replacement power that 
they will be able to obtain by 1990 is extremely uncertain 
due to delays in the construction of new electrical sources 
and 1oss of pending contracts (Tr, March 27, 1980, pp 104-117). 
Because of this, SCE testified that it is unable to guarantee 
that they will be able to reduce their oil and gas use by 
50 percent by 1990. Because of such uncertainty, SCE 
developed a scenario for rule compliance which would 
require installation of SCR on 16 units and LADWP developed 
a scenario which would require installation of SCR on 11 units 
(SCE's Written Testimony, Nov. 5, 1980, pp 150-151; Tr, 
Nov. 13, 1980, p 62). This is in contrast to the ARB staff's 
scenario cited on pages 244-252 of the September 19, 1980 
Staff Report which assumed the installation of SCR on six 
of SCE' s units and three of LADWP' s uni. ts. The bas.i c 
reason for the difference between the ARB staff's estimate 
and the utilities' estimate of the number of units requiring 
the installation of SCR is the assumed amount of oil and gas 
cutback by 1990. 

To minimize the uncertainty as to the number of units 
requiring retrofit by 1990, and, consequently, to minimize 
the financial risk to the utilities associated with 
achieving the maximum practica61e NQx reductiQns, the 
Board believes it reasonable to require the installation 
of SCR only on those few units that are certai.n to remain 
as base load units with high capacity factors under th.e 
most optimistic oil and gas reducti.on scenarios. In the 
event that the reduction in the use of oi.1 a.nd gas in power
plants by 1990 is less th.an 50 percent, and, consequently,
units not controlled by 80 percent are used to supply base 
load demand, additional rules can be developed to require 
further control of NQx emissions from such units or from 
other N0x emitting sources. The advantage of this approach
is that no uni ts wil 1 be required to be retrofi ttedwith 
80 percent controls unless there is a substantial 
likelihood that these units will be operated to provide 
base load electricity after 1990. 

https://reducti.on
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13. Finding: Selective catalytic reduction (SCR) is a commercially
available and proven technology to reduce NOx emissions 
from existing oil and gas fired electric utility boilers 
by 80 percent. 

Basis: The facts upon which this finding is based include the following: 

SCR has been retrofitted on existing, commercial size oil and 
gas fired electric utility boilers in Japan and is achieving 
NOx reductions in the range of 75-85 percent. (Testimony
of William Ellison, NUS Corporation (consultant to LADWP),
Tr, Nov. 13, 1980, p 68; testimony of James Sheehan, Stearns­
Roger (consultant to LADWP), Tr, Nov. 13, 1980, pp 127-218; 
statement of Dan Waters, LADWP, Tr, Nov. 13, 1980, pp 106-107; 
ARB Staff Report, Sept. 19, 1980, pp 98-99.) 

14. Finding: The cost per pound of NOx 
within the range of $2.35 

reduced to comply with the Rules is 
to $2.90 per pound. 

Basis: The facts upon which this finding is. b.ased tnclude the following: 

The cost-effectiveness of any proposed rule is determined by
computing the total annual cost of compliance with the rule 
and dividing that cost by the annual reductions in emissions 
which result from the rule. The cost of compliance include 
both the capital cost (annualized) and the operating and 
maintenance costs. For these two Rules, the annual emissions 
reductions. are dependent on the assumptions regarding capacity
factors and fuel burned for the power plants equipped with 
controls, representing two other factors that must be taken 
into account. Each of these factors are discussed below. 

a. The average capital costs of compliance with these Rules 
is within the range of $70 to $89 per kilowatt of capacity
controlled for each utility, as expressed in l98Q dollars. 

There is much data in the record regarding the cost of 
i nsta 11 i ng SCR on electric generating units qf the 
affected utilities. SCE, LADWP, and the ARB staff have 
each presented to the B.oard their estimates of capital 
cost for retr6fit of SCR. Because these estimates were 
presented in various ways, the Board has normal i.zed the 
cost data when necessary to reflect only the 80 percent
control actually required by the Rules, as expressed in 
1980 dollars. The averages of these estimates range
from $70/kw to $94/kw for each utility system in 1980 
dollars. 

SCE's latest capital cost estimates for 8Q percent <:;ontrol 
range from $89/kw to $98/kw with an average of $93.5/kw
(SCE's Written Testimony, Dec. 2, 1980, Attachment 3). 
These cost estimates are based on conceptual cost estimates 
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which have been consistently revised downwards as more 
detailed estimates have been made. For example, the 
amended version of SCE's estimates of cost shows a latest 
estimate of $111 per kilowatt (90 percent control), down­
wardly revised from SCE's previous estimate of $137 per 
kilowatt. Similarly, the latest SCE cost estimate is 
also based upon a conceptual (rather than preliminary or 
advanced) design. The Board believes, therefore, the 
current SCE estimate will likely be further reduced, as 
suggested by more detailed cost estimates by SCE for its 
demonstration (90 percent control) unit at Huntington
Beach. Based on a conceptual design, SCR on the Huntington 
Beach unit (107.5 Mw) was originally estimated to cost 
about $129/kw (in 1980 dollars). However, preliminary and 
advanced engineering cost estimates prepared by SCE for 
this unit are $79/kw (in 1980 dollars). (SCE's Written 
Testimony, Nov. 5, 1980, p 00064, Attachment 1.) 

The consultant for LADWP, Stearns-Roger, estimates the 
capital cost for retrofitting $CR systems for 80 percent
emission controls on affected units to range from $77/kw 
to $124/kw with an average of $89/kw (lADWP's Supplemental
Written Testimony, Dec. 2, 1980, Table 1). These estimates 
are the result of an analysis by Stearns.:.Roger of the 
difficulty of retrofit for individual units and the drafting
of a conceptual design. Given the preliminary nature of 
the cost estimates, the Board finds that there is good
general agreement between the ARB staff and LADWP estima.tes 
for capital cost. 

The Board also finds that the major differences between the 
ARB staff and Stearns-Roger capital cost estimate~ is the 
assumed contingency cost. The Stearns-Roger estimate used 
a 25 percent contingency factor; consequently, the Stearns­
Roger estimate of $89/kw should be considered an upper bound 
since SCE has used a much lower contingency of seven percent 
in its most recent cost for the Huntington Beach unit. The 
ARB staff estimate, on the other hand,.should be considered 
a lower bound since it is based on the same basic assumptions 
as the Stearns-Roger estimate, but with a lower contingency 
cost. 

b. The average annual operating and maintenance cost of 
compliance with the Rules is within the range of $9 - $10 
per kilowatt of controlled capacity for each ut;Jity, as 
expressed in 1980 dollars. 

The ARB staff, SCE, ahd LADWP have_ also presented to the. 
Board their estimates of operating and maintenance costs 
for retrofit of SCR with 80 percent control ori affected 
units. These estimates range from $9/kw/yr to $17/kw/yr 
in 1980 dollars. 
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Based on the ARB staff estimate of $10.82/kw/yr
(ARB Staff Report, Sept. 19, 1980, p 120), adjusted downwardly 
to reflect 80 percent control and upwardly to reflect 1980 
dollars, the Board estimates the cost to be $9/kw/yr. The 
Stearns-Roger estimate of $9/kw/yr to $10/kw/yr is in 
remarkably close agreement with this estimate (lADWP
Written Supplemental Report, Dec. 2, 1980, Table 2). 

SCE testified to the Board, however, that its estimate for 
operating and maintenance costs is $17/kw/yr (SCE Report,
Dec. 2, 1980, p 16). This estimate is almost twice the 
estimate presented by the ARB staff and by Stearns-Roger.
Both Stearns-Roger (Tr, Dec. 3, p 35) and SCE (SCE Written 
Testimony, Nov. 5, 1980, p 00068, Attachment 5) have 
identified and used in their estimates a catalyst cost of 
$875 per cubic foot. (Catalyst material must be replaced
periodically.) Furthermore, Stearns-Roger and the ARB 
staff have both iden ti fi ed this catalyst cost a.s the 
single largest component of operating cost: approximately 
one-half (LADWP Written Testimony, Dec. 2, 1980, Table 2).
Consequently, unspecified items (other than catalyst
replacement) must account for the higher estimate by SCE, 
since all three estimates assumed the same cost and 
frequency of catalyst renewal. The Board finds SCE 1 s 
estimate to be unsupported by its evidence, inconsistent 
with the estimates of LADWP, · Stearns-Roger, and the AR.B 
staff, and inconsistent with the fact that actual operating 
costs reported for SCR units in Japan are less than one-half 
the lowest estimates discussed above (Letters from 
Kitadada to Goodley, July 23, 1980; M. Kikkawa to Goodley, 
June 27, 1980). 

Based on the analyses of all data in the record rega,rding
operating and maintenance costs for retrofit of SCR with 
80 percent effectiveness, tile Board cone ludes that the 
approximate cost ranges from $9/kw/yr to $10/kw/yr. 

c. The average capacity factors for each unit controlled 
with SCR wi 11 likely be in the range of 5Q-70 percent
in 1990 and beyond. · 

The testimony presented to the Board ha,s made it clear that 
estimates of cost-effectiveness. are extreme 1 y dependent 
on the capacity factors assumed for untts, retrofttted with 
SCR. Therefore, in order to derive tile cost of the Rules 
per pound of NOx reduced. i. t is. important to determi. ne 
a reasonable capacity factor for each unit. The average 
capacity factor for all units in ttfe LADWP and SCE systems
is presently over 40 percent, with newer units having
capacity factors of over 50 percent (LADWP CFM Ill, 
Form R-5, pp 1-3 and $CE CFM I. U, Form R-5, p 254).
Therefore, if electrical generation in the Air Shed were 
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reduced by 50 percent, it is reasonable to assume that 
a few large units could and would be used to meet most 
of the demand (Finding 12 above). In addition, least 
NOx dispatch would require that units with lowest 
emissions (also the newest and most efficient) would be 
first added and last taken off the line, the result being 
an even greater likelihood that such units would be 
operated at high capacity factors. 

Capacity factors at least as high as those found for these 
few units today (over 50 percent), and up to 70 percent,
would be likely for the units to be considered for retrofit 
for the NOx controls. 

d. Base load power plants in the South Coast Air Shed will 
likely be operating on oil, and not natural gas, beyond 
1990. 

There is much evidence in the record that there wi 11 be 
little natural gas available for utility use after 1990. 
Section 301 of the Powerplant and I.ndustrtal Fuel Use Act 
of 1978 (42 U.S.C. 8301 et seq.) requires that: (l)
natural gas not be used as a primary energy source in an 
existing electric power plant on or after January l, 1990; 
and (2) natural gas not be used a.s a primary energy source 
in an existing electric power plant for any calendar year 
before 1990 in greater proportions than the average yearly
proportion of natural gas which such power plant used as a 
primary energy source in calendar years 1974-1976, unless 
an exemption is granted under Section 312of the Act. The 
thrust of the Act is to limit the use of na.tura 1 gas by 
power plants and industrial sources, particularly after 
1990 (CEC 1979 Biennial Report, pp 8-9). 

The California Energy Commissi.on ~md the util i.ties ha.ve 
independently projected the amount of natural. gas that 
will be available for utility use. The C.EC 1 5 natural gc;1s. 
availability projections as of August 29, 1980, show that 
approximately half of the electrical demand in 1990 and 
2000 wi 11 be met with the use of natural gas. The uti. l i ti es' 
projections, as reported in their ''1990 California Gas Repqrt" 
to the Public Utilities Commission, on the other hand, show 
that no gas wi 11 be available for power pl c1nt use c1fter 1990 
ARB Staff Report, September 19, 1980, pp 225-229). Even if 
natural gas is available, and if legislc;1tion is changed to 
a11 ow its use in power pl ants, mos.t of the aya i lab le natura.l 
gas will be used after 1990 on the uncontrolled peaki.ng units, 
which operate most often on summer days when natural gas 
availability is highest. · 

https://peaki.ng
https://Commissi.on
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Consequently, the Board finds it reasonable to assume that 
base load power plants in the South Coast Air Shed will not 
be operating to any significant extent on natural gas after 
1990, and that the estimates of cost-effectiveness of 
controls should be based on the use of oil rather than 
natural gas as a fuel. 

e. The cost-effectiveness of compliance with the Rules is 
within the range of $2.35 to $2.90 per pound of NOx reduced. 

The cost-effectiveness estimates of the ARB staff and the 
utilities for Rules 1135.l and 59.l are included in Tables l, 
2 and 3 of this finding, normalized for 80 percent control 
and expressed in 1980 dollars. Because of the variations 
in the capital and operating and maintena.nce cost and capacity 
factor estimates of the ARB staff and the utilities, the 
cost-effectiveness estimates also vary. 

Although the Board recognizes uncertainties in specific cost 
estimates, it finds that the evidence in the record supports
finding that the average cost-effectiveness of compliance
with Rules 1135. l and 59. l for each uti.l ity ranges from a 
lower bound of $2.35 per pound to an upper bound of $2.90 
per pound of NOx reduced. The only estimates to exceed 
this amount are one presented by SCE and an estimate 
presented by LADWP the last day of the hearing. The Board 
finds the SCE estimate inappropriate for the same rea.sons 
discussed above regarding SCE's capital and operating and 
maintenance costs. The Board finds the last LADWP estimate 
inappropriate because it was based upon unusually low 
capacity factors for the retrofitted uni. ts. This latter 
estimate is discussed further in Finding 20 b.elow. 

15. Finding: The cost-effectiveness of the Rules is reasonable and comparable 
to that of other control measures adopted by the Board. 

Basis: The facts upon which this finding is based include the following: 

Based on a review of measures contained in the AQMPs for the 
South Coast and Ventura County, as well as of other NOx control 
measures the Board. has considered or. is. aware of, the 8oard finds 
that there are no other mea.sures or combinations. of measures 
capable of achieving the same (or similar) NOx emissions 
reductions as Rules 1135. l and 5!L 1 for less cost. The Rules 
are a 1 so comparable in cost-effectiveness. to other control 
measures adopted by the Boa,rd, including the. Q.4 gra,m per mile 
passenger car NOx standard cited by the utilities for comparison. 
The cost of that standard is currently estimated to be $2.39 per
pound, expressed in 1979 dollars, or $2.63 per pound in 1980 dollars. 
The upper bound cost of the Rules i. s. wi. thin 15 percent of the cost 
of this motor vehicle rule; this difference is reasonable given 
the uncertainties in the estimated cost of the Rules. 



... 
C: 
-I 

c:, Ul ..... 
:,- rn .....-0 rn 

-I 
-< 

.. 

. 
Over a 11 Pe rce_ntco coco Reduction with th\D 
Proposed Rule 

: 

w 
\D u, Total Capacity..... N 
N 0 (Mv1) Requiring 

SCR Retrofit 

I No. of Units. 
. Requiring SCR 

w .....' Retrofit to. 
'· · Achieve 80% 

Control 

Total Capital 
w Cost (Million0:, N ..... <O C:Dollars) 

rt.... 
.... _. 

c+ 
'<Total Annua1 ...... rn 
VIN N Cost (Million

t.,7 rtO'I ..,_Dollars) 
3 

rt"' 
ct> 

Average Cost 
V> 

wN. . Effectivenessco -.J 
(X) 0 ($/lb.) 

Total Cariital 

°' 
N 
.i:,. Cost (Million.i:,. '(j\ 

►Dollars) :;o 
CX) 

Ul 
c+ 
DI 

N 00 Total Annual Cost -+, 
-+,...... 0 

(Million Dollars} 
fTl 

: VI 
rt-..,, 
:'J 

Average Cost "'rtN N ro. . . Effectiveness VI.:,, t<> 
., 0 en ($/lb.) 

-I 
0 

0 
0 
3: 
-0,-
-< 
::e::.... 
-t 
:I: 

(/) 
0 
)> 

-..... ,C)3: 
\D 0 
co 
0 :;o 

C: 
0 r 
0 fTl..... 
--' ..... 
Ill _, 
-s w 
VI u, ....... . 

--' 

:r:,. 
z 
Cl 

< 
)> 
-0 
O· 
0 

:;o 
C 
r 
ITI 

.'° 
u, 

--' 

C: 
-I .....,-..... 
-I 
-< 
n 
0 
V> 
-I 

fTl 
Ul 
-I ..... 
3: 
)::, 
-t 
rn 
< 
V,. 
)> 
:;o 
c:, 

V, 
-I 
)::,,,,, 
n 
0 
Vl 
-I 
ITI 
(/) 
-I..... 
3: 

~ 
ITI 
(/) 

-

-
V, 

•
3: 

C: 
3: 

)::, 
CX) 
r 

-
fTI 

--

-
-n-



'"'."n 13LE 2••• -i - - -
COMPAR SCE Estimates__ ;AFF COST ESTIMATES TO COMPLY 

i 
I 

s.. 
(!J 
.0 
E 
:, 
z 
.µ,,.. 
s:::: 

::> 

Ormond Beach 1 
Ormo:;d Ueach 2 

Alamitos 5 

A1arni tc•s 6 

A1a:11itos 3 

Alarr.itcs 4 

Etiwanda 3 

.. 
Total 

WITH Tn~ rKUPOSED RULE 1135.1 WITH 80 
ON INDIVIDUAL UNITS . (1980 Dollars) 

,-r... 00 I...µ 
...µ .µu 

VI S::::rtl 0 0I.I., . uu 
>, C: VI -.µ ,- "/;-~ 0 s.. ··- 1tJ o •,- re 

..i-JCO,-.,-u .,... ,-,-
0"' C. I.. .,.. 0 

,'CJ o E -o u"' u 4-- ..._, 

57 iR,32 
78.32 

66 

57 

42.72 
66 42.72 

53 28. 16 
52 28.16 
52 30.98 

329.38 

s:::: 
,- 0 
rtl .,.. 
:::, ,.... 
C: ,-
C: .,_ ....... . 
< E VI ..._, s... . 

. ,- rtl
rtl .µ ,-
.µ VI,-
000 

1-- u "O 

2:1.26 
29.26 

·16.70 
16.70 

11.07 
I 

11.07 . 

11.64 

125. 7 . · 

PERCENT CONTROL 

-~---- ·-

· ARB Sta.ff Es ti.mates -
,... 
0 
s.. 

.µ .µ 
VI S:::: 
00 
uu 

·C: -VI 
,-- ~ 0 s... 
rtl O .,.. ltl 
4->0JP-,-.,.. ,- ,-
0. s.. ··- 0 
n:l O E "Ou<i-..__. 

56.00 

56.00 

33.60 

33.60 
22.40 

22.40 
22.40 

' 246.40 

C: 
,- 0 
rtl .,.. 
:, ,-
s:::: ,-
C: .,...,. ~ 

o::C E VI 

,- --- I..
ltl 

It! .u ,-
.µ VI ,-
000 
I- u "O 

. 18. 24 
I 

N..._,18.24 
I 

l O. 94 

10.94 
7.30 

7.30 
. 7.30 

80.26 

Note: Cost estimates have been adjusted to reflect 80 percent control and are expressed in 1980 dollars. 
Average capital cost estimates are $93.5 per kilowatt for SCE and $70 per kilowatt for the ARB 
staff estimates, although SCE's more detailed unit-by-unit costs are shows as well. The total 
annual costs include both annualized capital costs, and operating and maintenance costs of $27 
per kilowatt for SCE and $9 per kilowatt for the ARB staff estimates. 



-29-

16. Finding: The cost of Rules 1135.l and 59.l, when allocated to the 
average residential customer of SCE, represents an increase 
of about 1.5 to 3 percent in the average residential customer's 
electricity bill over the period 1982-2007. 

Basis: The facts upon which this finding is based include the following: 

SCE, in its testimony submitted to the Board on December 2, 1980, 
included estimates (page 33) of the impact of Rules 1135. l and 
59.1 on its residential customers. Following discussions 
between the Board and Mr. Rodney Larson of SCE, it was agreed 
that the increase in average residential rates as a result of 
these rules would be about 1.5 to 3 percent. This would 
increase current average monthly residential bills of about 
$35.00 by about $0.50 to $1.00. The ARB staff presented an 
estimated bill increase of $0.55 per month, which is consistent 
with SCE's estimate. 

17. Finding: LADWP's compliance with Rule 1135. l will result in an increase 
of 2 to 3 percent in average LADWP e 1 ectri city bi 11 s to 
residential customers. 

Basis: The facts upon which this finding is based include the following: 

Mr. Harrison Call testified on behalf of LADWP on December 3, 1980. 
According to Mr. Call 's testimony, the increase in total revenues 
required by LADWP to comply with Rule 1135. l would translate 
into a 2 to 3 percent increase in average monthly restdenti.al 
electricity bills. The ARB stc1ff estimate was consistent with 
that of LADWP. 

18. Finding: The cc1pital costs of compliance with Rules 1135. l and 59. l 
represent a small fraction of both utili.ties.' capita,1 needs 
over the next ten years. 

Basis: The facts on whi.ch this finding are ba,sed include the following: 

a. SCE's testimony submitted to the Board on December 2, 1980, 
indicates that their capita,l needs through 1987 amount to 
about $7.5 billion. Based on SCE's estimates, the capital
requirements for these Rules amount to ab.out $374 million. 
The capital requirements for these Rules therefore amount 
to about 5 percent of thei. r capital needs. through 1987. 

b. SCE indicated in their written testimony that the firm is 
currently experiencing a critical financial period and 
that the costs of these Rules would place an extreme 
financial burden upon them. While the Boa,rd recognizes 
that SCE may currently be experiencing cash_ flow problems, 
SCE's testimony indicated that they are transitory in 
nature, and are principally associated with ongoing.
construction projects which c1re nearing completion 1n the 
next few years. 
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Mr. McDaniel of SCE, during questioning, agreed with 
the Board's assessment that SCE's cash flow position 
has been difficult for the last couple of years and 
is expected to remain difficult for another couple of 
years, but that prospects for returning to financial 
health are favorable beyond that time. 

c. Based on the testimony of Mr. Harrison Call of LADWP, 
the operation and maintenance costs (in 1980 dollars) 
of complying with Rule 1135.l represent about 4.4 percent 
of LADWP's 1980 operation and maintenance costs, exclusive 
of fuel costs. Since fuel costs are normally included in 
operating and maintenance costs and comprise a large part 
of those costs, the operating and maintenance costs of 
complying with Rule 1135.l would be considerably less 
than 4.4 percent of total operating and maintenance costs. 

d. The testimony, on November 13, 1980, of Mr. Harrison Call 
of LADWP indicated that for the minimum case presented by 
LADWP where three units are controlled to the90 percent 
level, the amount of debt financing required to comply 
with the Rule ($100 million), when compared to the levels 
of financing usually dealt with, should not present a 
serious problem to the Department. The Rule considered on 
December 2 and 3, 1980, requires only 80 per~ent control 
and according to LADWP testimony debt financing for this 
Rule will be about $75 million. This i~ $25 million less 
than that required for the 90 percent case and therefore 
should not present any serious financing problems. 

19. Finding: The installation schedule,, as included i.n the Rules adopted 
by the Board, is reasonable and technologically feasible. 

- Basis: The facts on which this finding is bc1sed include the following: 

Maintenance schedules have been submitted b.,y both utilities as 
part of their written testimony (Attachment 1 a,nd p 20 of SCE' s 
and Exhibit I of LADWP's Written Testi.mony of Dec, 2, 1980, 
and p 6-2 of LADWP' s Nov. 5, 1980 Wri. tten Testimony). These 
schedules show the dates for scheduled outages to overhaul each 
of the units which would likely b.e controlled under the Rules. 
Since a major overhaul takes approximately nine t9 eleven weeks., 
the Board believes it is reasonable to requfre the installation 
of the control equipment at the time of such outages ($CE 
Supplemental Written Testimony, Dec. 2, 1980, pp 13-14). However, 
to avoid undue hardship on the utilities, it is, als.o reasonable 
to ensure that not too many untts are dow.n for extended periods 
at the same time. The utilities indicated., and demonstrated by 
their submissions over time, that matntenance schedules are 
flexible and ca.n generally be sh.ifted by one to four months if 
necessary. 
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In written testimony, the utilities also provided an estimate 
of the total time required to install the controls. Both SCE 
and LADWP indicated that it would take up to 2-1/2 years to 
install the necessary controls on some units (SCE Supplemental
Testimony, Dec. 2, 1980, pp 13-14 and LADWP Written Testimony, 
Nov. 5, 1980, p 6-2). Based on a review of the maintenance 
schedules and the testimony, the Board finds that in the case 
of at least one unit of more than 300 megawatts capacity of each 
utility, sufficient lead time exists that controls could be fully
retrofitted by December 1, 1983. Additionally, prior to start-up
of controls on such a unit, SCE will have an opportunity to gain 
operating experience with SCR through its 1-luntington Beach 
demonstration unit, which should factlitate its ability to 
operate SCR on a unit of larger size. Therefore., because of 
the need to move as expeditiously as practicable in this matter, 
the Board finds it is reasonable to require the installation of 
controls on at least one unit of each affected utility by that 
date. 

The Board also finds that, based on the magnitude of the invest­
ment involved in complying with Rules 1135; 1 and 59. l, tt is 
prudent to include a provision th.at, followi.ng the i.nstallation 
and operation of one SCR unit on a unit of more than 300 megawatts
by each major utility, the Board should require a review of the 
effectiveness and actual cost of that installation. The review 
should occur after sufficient operating experience but before any 
substantial expenditure of funds on_ subs.eq.ue_nt unft_s. (_Tr, Dec._ 3,
1980, pp 55-71). Based on revie~ of the maintenance schedules and 
construction schedules for SCR (Attachment 1 and p 20 of SCE's 
and Exhibit I of LADWP's Dec. 2, 1980 Wri.tten Testimonies and 
p 6-2 of LADWP's Nov. 5, 1980 Written Testimony), the Board concludes 
that a general requirement to install controls at the first 
regularly scheduled outage after October 1, 1985, provides for 
an adequate review period after the completion Qf the im;tallation 
of SCR on one full-scale unit of each utility. 

The purpose of this time period is two-fold: first, i.t provides 
an opportunity for the utilities to ga;n first ... hand ope.rati_ng 
experience with a full-scale $CR unit, a.nd then apply that 
experience to the final designs of subsequent units. Secgnd,
it provides an opportunity for the review of actua.l cost data 
and updated utility resource plans which. could affect the 
number of subsequent units to be retrofitted. Although the 
utilities would always have the righ.t to petition for review 
of the Rules on the basis of new informatton., the Board believes 
that the establishment of a specific tiroe period for such a 
review would be he1 pful. It is the Board's intent, however, 
that the review result in substantive changes tq the Rule only 
if information provided during that revi.ew_ i_ndkate cost or 
cost-effectiveness estimates (specifically includi.ng capacity
factor estimates) outside the range of the estimates found b.y 
the Board in the instant hearings. · 

https://includi.ng
https://followi.ng
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The Board further finds that the maintenance schedules 
submitted by the utilities indicate that final retrofit 
of all units can be achieved by December 31, 1989, while 
still allowing the utilities to provide reliable electric 
services. 

20. Finding: The alternative control strategy discussed by LADWP on 
December 3, 1980, does not achieve the maximum practicable 
reductions in power plant NOx emissions, is not supported
by the evidence in the record, and contradicts previous 
LADWP testimony. 

Basis: The facts on which this finding is based include the following: 

At the close of his testimony on December 3, 1980, Mr. Dan Waters 
of LADWP introduced into the record three figures which resulted 
from a comparison by LADWP of the effect on NQx emissions and 
on cost of a NOx emissions control strategy which would require 
the installation of SCR on power plants a.nd an alternative power
plant control strc1tegy. LADWP's alternative strc1tegy would 
require the installc1tion of Thermal DeNQx, instead of SCR, on 
certain units, plus the optimization of off-stoichiometric (0/S) 
firing on Scattergood units l c1nd 2 and Haynes unit 2. 

The Board has several major concerns regarding 1.,APWP's presentation: 
First, LADWP's alternative strategy does not c1chieve or even come 
close to achieving the maximum practicable degree of control 
of NOx emissions from power plants or tha.t degree of control which 
is required to achieve and mc1intain ambient air quality standards; 
second, because Thermal DeNOx is only effective over a small load 
range, LADWP's alternative strategy will not even achieve the 
limited reductions cl aimed for it;· and third, the projected 
capacity factors on which these curves are bc1sed are new, have 
not been reviewed by state agencies with expertise in this area, 
c1nd are not consistent with previous LADWP testimony. In 
addition, the figures were drafted by LADWP i_n a rnanner which 
misrepresented the effects of the. strategy. A deta iJ ed analysis 
of these points follows: · 

a. The alternative strategy proposed by L,ADWP wi.11 not achieve 
the degree of NOx emissions control from powe.r plants 
necessary to make reasonable progress towards attatnment 
clild maintenance of ambient air qualtty standards. 

To achieve the air quality standards. for nitrogen dioxide, 
emissions from power plants must be reduced o,y' the maximum 
practicable amount. (Finding 4) $CR is il, proven teclmolqgy
capable of c1chieving an 80 perc;ent reduction in oxides of · 
nitrogen emissions from oil and gas fired power plants, and 
thus represents the maximum practicc1ble reductions which can 
be obtained from power plants in the South Coast Air Shed 
(Finding 13). However, the strategy prqposed by LADWP 
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would achieve a NOx reduction of only about half of 
that achieved by SCR, even if Thermal DeNOx could achieve 
the average 40 percent reduction assumed by LADWP. 

The figures presented by LADWP were intended to represent
the emissions of its power plants over the years 1982 
through 2000 (Tr, Dec. 3, pp 121-122). LADWP assumed the 
use of Thermal DeNOx on Haynes units l, 5, and 6, and 
off-stoichiometric (0/S) firing on Scattergood units l 
and 2 and Haynes unit 2 as an alternative control strategy.
It asssumed that SCR would achieve an average 80 percent
reduction and that Thermal DeNOx could achieve an average
40 percent reduction for each unit so controlled. 

The manner in which LADWP drew the figures suggest that 
the NOx emissions reduction from the Thermal DeNOx 
scenario is about two-thirds of that from the SCR scenario. 
However, the Board believes the figures to be grossly
inaccurate. In the first place, th_e reductions due to 
0/S firing are but a sma11 part of the reducti ans achi. e.ved 
by 40 percent Thermal DeNOx and 80 percent SCR. For 
example, Table 2 (page 6) of the KV~ report (CE. Blakeslee, 
J.M. Robinson, D.E. Shore, Cost-Effectiveness of NOx 
Reduction Techni gues (Supplemental), prepared bc,V KVB, Jnc. 
for City of Los Angeles Department of Water and Power, 
October 1980) shows that for the year 1990 0/S firing
reductions on Scattergood units land 2 and Haynes unit 2 
would be 172,000 pounds per year. However, the total 
reduction due to 40 percent Thermal DeNQx on Haynes units l, 
5 and 6 would be 2,685,000 pounds per year. Similarly, the 
80 percent SCR reductions for Haynes units l, 5 and 6 would 
be 5,375,000 pounds per year. Therefore, 0/S firing
reductions are only :3 percent of th.e total potential reductions. 

Since Thermal DeNOx has been assumed by LAPWP to be used on 
precisely the same generating units as SCR, and since LAPWP 
assumed that Thermal DeNOx wquld achi.eve exactl,y one-half 
the reducti ans obtained with SCR, a.nd since 0/S firing 
represents only a small fraction of the total potential
reductions, the reductions achieved under the Thermal DeNOx 
scenario must be approximately one-half th.e reductiQns 
achieved under the SCR scenario. 

Consequently, notwithstanding the graphical techniques
used by LADWP in presenting its data, the alternative 
strategy does not even appro<1ch the JTiaxtmum practicable
reductions which can be achieved from po11{er plants in 
order to achieve and maintain ambient air quality
standards. ' 
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b. The use of Thermal DeNOx will not likely result in 
the NOx emissions reductions assumed by LADWP, as 
evidenced by, among other things, prior testimony of 
both LADWP and SCE. 

The alternative strategy discussed by LADWP (Tr, 
Dec. 3, 1980, pp 121-122) relies upon the use of 
Thermal DeNOx as an alternative toSCR. Thermal DeNOx 
is a process of injecting ammonia i.nto the 61ue gas at 
a point where the temperature i.s about 1750 F. The 
ammonia reacts, in part, with the nitric oxide in the 
flue gas to form nitrogen and water. As the temperature 
of the flue gas differs from the optimum temperature, 
the effectiveness of the process rapidly falls off to 
zero. No catalyst is used in the Thermal DeNOx process. 

The report of KVB (Blakeslee, Robinson, Short, October 1980) 
states that LADWP will install Thermal DeNQx Qn Haynes unit 4 
as a demonstration project because of the uncertainties with 
the new Thermal DeNOx technology. The Oecernber.3, 1979 ARB 
Staff Report (page 22) contains a table which lists the 
control-effectiveness of Thermal DeNQx on Haynes unit 4 
as ranging from zero a.t 60 percent l qad, to 24 percent at 
90 percent load, and to 41 percent at full load. That same 
ARB Staff Report (page 21 ff) further states that the. data 
are based on predictions by Exxon Research and Engineering 
Corporati on (Exxon). The ARB staff al so presented dc1ta 
from Exxon (Letter dated.Auqust J4, 1980, from Boyd E. Hurst 
of Exxon Research and Engineering Corporation to 
Francis Di Genova of the ARB) in whi.ch Exxon projects a 
reduction of 51 percent at full load if an imprqved mixing 
nozzle arrangement is used (no hydrogen case) and a 
reduction of only 24 percent at 90 percent load. Thus, 
the improvement in efficiency due to the new nozzles appears 
!o occur only at 100 percent load. The injection of ~y~r?gen 
improves the performa,nce of Thermal DeNQx, but the ut1llt1es 
have expressed reluctance to us.e hydrogen (J\RB $taff Report, 
December 31, 1979, p 34). 

Electrical units are usually operated over a w.tde loacl 
range. For example, TabJ e 5-2 of the $tearns-Roger testimony 
for LADWP shows the predicted 199.Q loading sctt_edule of LADWP 
units includtng Hi~ynes uni.t 4. Haynes unit 4 is shown to 
have the following load schedule; 
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Efficiency
%Load %Operating Time Thermal DeNOx -

c. 

0 

30 

50 

70 

90 

100 

69 

8 

6 

6 

6 

5 

0 

0 

0 

12 

34 

41 

The efficiency of Thermal DeNOx is also listed in the 
above table. If the emissions are assumed to be linear 
with load, then the overa11 contra1 of emissions from 
Haynes unit 4 using Thermal DeNOx would be 23 percent.
This degree of control caused LADWP and ~CE representatives
and the ARB staff all to express concern regarding the 
viability of the Thermal DeNOx prcicess (Mr- Waters for LADWP, 
Tr, March 27, 1980, p 180, ln 1~6; Mr. Bjorkland for SCE, 
Tr, January 30, 1980, p 68, l n 16-21; Mr. Johnson for SCE, 
Tr, Janua,ry 30, 1980, pp 155-181; Mr. qOOdley for ARB staff, 
Tr, January 30, 1980, pp 40-58). LADWP' s suggestion that 
an a,lterna,tive strategy be based on the less effective 
Thermal DeNOx process is inconsistent with the above 
evidence in the record, and is, itself, unsupported by 
a,ny significant evidence. · 

The projected capacity factors which a,re critical assumptions 
to LADWP's alternative stra,tegy are ne\'/, si,gniJicantly
different from previous LADWP submissions in this hea,ring, 
and are inconsistent with previous testimony. 

The cost-effectiveness of both the Rules and LADWP's 
alternative strategy are inversely pfoporttonal to the 
capacity factors of the controlled ~ntts; emissions 
reductions due to each strategy are dise.ctly proportional 
to capacity factors. This is. because the capacity factor 
is the amount of electrica,l energy that a untt produces
in a year divided by the amount which it would produce 
if it operated at full load for the enti.re year'. Therefore, 
the amount of annua1 emi ss.tons frQnJ a uni.t is. directly
proportional to the capacity factor, and stnce cost­
effectiveness is annuali.zed cost diyidecl b,Y annual emiss,ions, 
the cost-effectiveness is inverse.ly proporUonal to the 
capacity factor. If projected capacity factors are. assumed 
to decrease, the calculated cost-effectivene$S of controls 
increases. 

https://inverse.ly
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The capacity factors assumed by LADWP in its December 3, 
1980 testimony are inconsistent with the most recent 
estimates of the California Energy Commission, (Ca,lifornia 
Energy Commission, LADWP Supply Plan Ba,sed on CEC Adopted 
forecast and Biennial TI Assumptions, December, 1979), the 
state agency responsible for the approval of utility 
resource plans for purposes of power pla,nt need and 
siting decisions. Furthermore, tnese factors are 
inconsistent with previous LADWP submittals in this hearing 
as recent as November 5, 1980 (C.E. Blakeslee, J.M. Robinson, 
and D.E. Shore, Cost-Effectiveness of NQx Reduction 
Techniques, prepared by KVB, Inc. for City of Los Angeles 
Department of Water and Power, October 1980). Jn addition, 
these factors do not appear to reflect the a,ppltcation Qf 
a least NOx. dispatch plan, since a unit withO~t NOx controls 
(Haynes unit 3) is assumed to operate more frequently than 
a unit equipped with NQx controls (Haynes unit 1). for the 
above reasons, the Board finds LADWP's December 2 ca,pacity 
factor projections unsupported by the evidence in the record. 

Figure 1 shows the historical and projected emissions from 
the LADWP system for three scenarios:· {l) no .added contro 1 s; 
(2) Thermal DeNOx on Haynes uni ts. 1, 5 a,nd 6; i:\nd (3) SCR 
on Haynes units l, 5 and 6. All of the scenarios are 
based on the latest California Energy Commission projections 
of capacity factors, which are similar to LADWP' s pri_qr 
submissions in this hearing. 
LADWP were used·by the B.oard. 

All other ass1,unptions used by 
The cost-effectiveness 

calculated based upon these sa111eJatest Ca1ifgrni a E_nergJ 
Commission capacity factors for ThermaLUeNol<' and Sr:R in 
1990 are $1.46 and $2.97 per pound of NQx, respectively. 
The much larger estimates presented by LADWP f9r SCR are 
almost solely due to the significantly lower projections. 
of capacity factors assumed for thet r l c1test submission. 

21. Finding: Rules 1135.l and 59.l have been developed through a thorough 
and adequate process of planning and c1nalysis, 

Basis: A consultant for SCE asserted tha,t the procedure fo 11 owed in 
the adoption of Rule 1135. l wa,s unsound i3,nd di.d not include 
sufficient analysis. 

The Air Quality Management Plan-for both Ventura County and 
the South Coast Air B.asin are the result of a .th_orough 
planning process in which SCE was a,bJ e to parti ctpate. 
That planning process included steps outlined b.y the SCE 
consultant. In hearings on the subject Rules and as set 
forth in these Findings, the Bo,;1rd has also made a complete 
analysis of factors relevant to the. Rules' development. 
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22. Finding: The Board, in Resolution 78-48, August 7, 1978, found 
Rule 475.1 adopted by the South Coast Air Quality 
Management District to be inconsistent with the purposes 
of Division 26. The failure of the SCAQMD to adopt a rule 
consistent with the purposes of Division 26 of the'Health 
and Safety Code as found in Resolution 78-48 constitutes a 
failure to meet responsibilities under Division 26. 

23. Finding: A major utility subject to the provisions~of Rule 1135.1 h1;1,s 
generating facilities within both the VCAPCD and the SCAQMD. 
Both the VCAPCD and the SCAQMD are within the South Coast Air 
Shed, and emissions of oxides of nttrogen from power plants 
in Ventura County are transported to and have an effect on 
air quality in the South Coast Air Bas.in (Finding 5). Therefore, 
it is necessary and appropriate that to coordinate the efforts 
of the VCAPCD and theSCAQMD the Board adopt for both Districts 
rules which provide a systematic:; approach to controlling power 
plant NOx emissions. · 

24. Finding: The SCAQMD has recommended that the Board consider and adopt 
amendments to Rule 1135.1 (Letter from J.A. Stuart to · 
Thomas C. Austin, September 21, 1979~ Septell}ber 19, 1980 ARB 
Staff Report, Appendix E). Therefore, i.t i.s necessary and 
appropriate for the Board to take such ac:;tion to provide 
assistance to the SCAQMD. 

25. Finding: Ventura County Air Pollution Control District Rule 59.1 was 
originally adopted by the Ai.r Resources. Board i.n 1979 i.n 
response to an action by the Ventura County B.oard of Supervisors 
deferring to the Board the adoption of a rule for the control 
of NOx emissions from power plants. (Ventura County Resolution, 
September 19, 1978; Board Re~olutton 79-49, May 29, 1979.l 
Therefore, it is necessary and appropriate that the Board adopt 
amendments to Rule 59.1 to provide assistance to the VCAPCO. 

26. Finding: The inclusion of Rule 1135.1 as amended in the. nonattainment plan 
for the South Coast Air Basin ts required and necessary for the 
nonattainment plan to meet the requirements in the Clean Ai.r Act 
that the plan provide for the attainment of national primary 
ambient air quality standards as expeditiously as practicable 
and that, in the case of nonattainment areas,' the plan provide 
for the implementation of a,11 reasonably available control 
measures as expeditiously as practicable, and require reasonable 
further progress including ell}issions reductions from existing 
sources through the adoptton of reasonabJy ava,ilable contrql 
technology. (Sections llO(a)(2), 172(b)(2)i and 172(p)(3); 
Findings 1-8, 12-14 above). In the absence of Rule 1135.1 as 
amended, the nonattainment plan for th.e South Coast Air Basin 
wi 11 not meet and does not comply with the requirements of the 
Clean Air Act. 
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27. Finding: The inclusion of Rule 59.l as amended in the nonattainment 
plan applicable to Ventura County is required a,nd necessary 
for the plan to meet the requirements in the Clean Air Act 
that the plan provide for the attainment of national primary 
ambient air quality standards as expeditiously as practicable 
and that, in the case of nonattainment areas, the pla,n provide 
for the implementation of all reasonably available control 
measures as expeditiously as practicable, and require 
reasonable further progress including emissions reductions 
from existing sources through the adoption of reasonably 
available control technology. (Sections 110(a)(2), 172(b)(2), 
and 172(b)(3); Findings 5 and 12-15 above). In the absence of 
Rule 59.l as amended, the nonattain.ment plan .applicable to 
Ventura County will not meet and does not comply with the 
requirements of the Clean Air Act. · 

28. Finding: The amendments to Rules 1135. l and 59.1 adopted by Resolutions 
80-68 and 80-69 are appropriate and necessa,ry to simplify and 
clarify the Rules' requirements and to meet the concerns 
expressed by affected util iti.es that under the Rules as amende.d 
March 27, 1980, they would be required to control NQx emissions 
from virtually all their power generating units, even those 
expected to have very low capacity in 1990 and beyond. The 
amendments to the Rules are intended to achieve the same level 
of reductions in N0x emissions as the March 27 version 
(Staff Report, pp 157-165), while at the same time retaining 
the utilities' flexibility to designate whi.ch units to control 
and providing them with certaint.y regarding the capacity 
required to be controlled. · 



State of California 
AIR RESOURCES BOARD 

Public r.earing to Reconsider Rule 1135.1 of the South Coast Air Quality
Manag2,ent District and Rule 59. l of the Ventura County Air Pollution Control 
District Controlling Emissions of Oxides of Nitrogen frrnn Power Plants 

ARB Compliance with the California Env·ironmental Qua"li ty Act (CEQA) 

The fo110'ding discussion is intended to explain how the ARB assures that any 
possible acverse environmental effects of its proposed actions \~ill be identified 
and mi ti gated. As an envi ronmenta 1 pro tee ti on agency, the f1RB is not required 
to prepare an Environmental Impact Report (EIR) on this project, but other written 
documentation prepared by the agency must describe the proposed activity with 
alternatives to the activity and mHigat"ion measures to minimize any significant 
adverse envi ronmenta1 impact. Further, regulations adopted by the !,RB require
that the action will not be adopted by the Board as proposed if there are 
feasible alternatives or feasible mitigation measures which would substantially
lessen any significant adverse impact of the activity on the environment. ARB 
regulations also require that prior to taking final action, the Board must respond 
in writing to significant environmental points raised during the evaluation 
process. Finally, CEQA requires that the ARB not adopt the activity for which 
significant adverse effects have been identified unless one or more of the 
following findings are made: 

1. That changes have been incorporated into the project which mitigate 
the significant environmental impacts. 

2. That such mitigation measures are within the responsibility and 
jurisdiction of another public agency and have been {or can and 
should be) adopted by such other agency. 

3. Th3t specific economic, social, or other considerations make the 
mitigation measures or alternatives infeasible. 

Consequently, the ARB staff report discusses several possible environmental 
impacts of the proposed rule. Several other concerns were raised during the 
hearing process. These are identified and discussed in the following section. 
In addition, mitigation measures which could minimize any impacts found to be 
significant are examined, as are alternatives to the proposed action. In this 
case, since the proposal is the amendment of certain rules already in existence, 
the "no project" alternative is for the Board to take no action and to leave 
the current rules in place. Other alternatives discussed are the repeal of the 
subject rules in their entirety, amending the rules to be less stringent, and 
restoring the Districts' original Rules. 
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The Board, prior to taking final action, has adopted the attached responses 
to significant envir·onmental issues. Further, in adopting the activity 
itself, the Board, in its resolution, has made findings relating to each 
significant environmental issue raised, either incorporating feasible 
mitigation measures and alternatives into the rules, indicating that 
other agencies are responsible for mitigation of these effects, or 
indicating the factors which prevent the imposition of mitigation measures 
or alternatives. If future experience reveals adverse environmental 
impacts not reasonably anticipated, corrective action can be taken by the 
Air Resources Board or other appropriate agency (e.g., the local air 
pollution control districts which will be implementing any adopted rule) 
to mitigate such effects. · · 



State of California 
AIR RESOURCES BOARD 

Response to Significant Environmental Issues 

Item: Public Hearing to Reconsider Rule 1135.l of the South Coast Air 
Quality Management District and Rule 59.l of the Ventura County 
Air Pollution Control District Controlling Emissions of Oxides 
of Nitrogen from P01>1er Pl ants 

Public Hearing Dates: November 5, 6, 13, and December 2, 3, 18, 1980 

Response Date: December 18, 1980 

Issuing Authority: Air Resources Board 

Introduction: Southern California Edison (SCE)and the Los Angeles Department 
of Water and Power (LADWP) have raised several concerns which they believe were 
not adequately addressed by the Air Resources Board (ARB) staff in the 

A. September 1980 report. Since the discussion of many of the issues raised by
W the utilities assumes an understanding of the selective catalytic reduction (SCR) 

process, it is appropriate to explain briefly the operation and performance of 
the process involved. 

The utilities are being reauired to reduce NOx emissions on some of their steam 
generating boilers by So percent. This requirement will probably be satisfied by
retrofitting utility boilers 1~ith the selective catalytic reduction (SCR) system to 
control oxides of nitrogen (NOx) emissions. The technology takes advantage of the · 
preferential reaction of ammonia (NH3) with NOx rath~r than with O!her flue gas 
constituents. Since oxygen (02) enhances the reduction, the reaction can be best 
expressed as 

4NH3 + 4NO + o2 -➔ '1N2 + 6H2o (l) 

4NH3 + 2N02 + o2 ~ 3N2 + 6H2o (2) 

Equation 1 represents the predominate reaction since approximately 95 percent 
of the NOx in combustion flue gas is in the form of nitric oxide (NO). Therefore, 
under ideal conditions a stoichiometric amount of NH1 can be used to reduce NOx 
to harmless molecular nitrogen (N2) and 1-1ater vapor (A20). 

In practice, an NH3:NO mole ratio of about 1 :1 has tyrically reduced NO emissions 
by 90 percent 1,dth a residual NH3 concentrati.on (also called "ammonia breakthrough") 
of less than 10 ppm. (1)* 

The SCR process requires other auxiliary equipment such as a reactor, a catalyst, 
ammonia storage facilities and ammonia inject'ion systems. 

The optimum temperature for the NOx reduction reaction without a.catalyst is 
about 1aoo°F. However, the catalyst effectively reduces the optimum reaction 
temperature to approximately 600°F to 850°F. · 

*See reference list page 14. 

https://concentrati.on
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Catalysts may be made with different chemical compounds; those with vanadium (V) 
compounds 1•1ere found to promote the reduction of NOx vlith NH3 and to be unaffected 
by the presence of sulfur oxides (SOx), another exhaust gas component which could 
interfere with the desirable reaction. (2) 

Titanium dioxide {Ti02) was found to be an acceptable carrier, since it is 
resistant to attack from S03 . (2) Therefore. many SOx resistant catalysts 
are ba5ed on Ti02 and vanadium pentoxide (v ).2o5 
The 1ife of the catalyst depends upon the type of flue gases it is being used to 
treat. The catalysts to be used on power plants in the South Coast Air Basin should 
last for 2 years or longer. (3) Also, because of oil firing, catalysts will be 
most likely of the parallel flow type. It may have one of many shapes such as 
parallel plate, parallel tube or honeycomb type. It may be mc1de of ceramic material 
such as Ti02 or metal. 

The catalyst may be of homogenous or of coated variety. In essence, the type of 
the catalyst to be used in the power plant depends upon the user and the process 
vendor. Figure l shows as an example of how, typically, a honeycomb type catalyst 
1·10uld be plilced in a reactor. When the catalyst loses its reactivity, it is 
rep1aced. 

The above explanation briefly summarizes the control methods that will likely be 
employea to retrofit the utility boilers to comply 1'lith Rules 113!:l.i and SY.I. 
The discussion that fo 11 O\vs addresses the concerns raised by SCE and LADWP and 
the Board's response to those concerns. 

Conment l: The LADWP has expressed co11cerns that disposal of spent catalyst in 
an environmentally sound manner is an unresolved problem and that because of the 
presence of vanadium in the catalyst, special disposal or reclamation methods will 
be required. 

Re2.P_o_nse: The application of selective catalytic reduction to a total of 4432 MH 
of po:·1er plant capacity, as required to fully comply with Rules 1135. l ani 59.1, 
is expected to result in the use of about 1100 tons of catalyst per year. The 
exact type and composition of catalyst would depend on the process vendor and the 
usE•r, but typically a parallel flow, honeycomb type catalyst 1•1ould contain v2o 
and titanium dioxide (Ti02). 5 

l •. This estimate fol lows from a total generating capacity 
required to be controlled of 4432 megawatts (MW) and SCE's esti1nate 
{4) that control of its units larger than 175 MW (total of 24 units 
having 7720 M\1) would require 1860 tons per year of catalyst, assuming a h-10 
year catalyst life: 

1860 tons of catalys:!:.Ltr,4432 MW x = 1068' tons catalyst/yr7720 MW 
. 

Based on commercial operating experience to date on SCR inst~llations in Japan 
in which catalyst deterioration has not been significant (3) catalyst 
lifetimes are expected to equal or exceed 2·years with 
fuel oil firing and 3 years with natural gas firing. Requirements for catalyst 
are inversely related to catalyst lifetime, hence a catalyst lifetime of 3 years 
corresponds to a catalyst requirement of about 712 tons per year. 



I 

CAtalyst layer 

r ll1UIH. 

Uni~ ttCdula 

e. 

E.."Cai::1ple of a fixed bed reactor with honeycomb type catalyst 
(Ishikawaj ima-H.:i.r im::i. Heavy Industries; sizes arc in n:::i). 

Source: J.· Ando. :mx !1ttaclment for Stationar~, Sources in Japan. 
August 1979. 



D~pe~ding upon the specific type and material of the catalyst selected, valuable 
·components ray be recovered for reuse, just as used or ''spent'' automotive 
exhaust catal_y;;ts and refinery process catalysts are normally amenable to recovery 
or 1·eprocessing prior to disposal. To the extent that spent catalyst cannot be 
recovered, and constitutes a potentially hazardous waste2, treatment and/or
disposal at a Class I or Class II-1 (hazardous waste) disposal site may be 
required. In such a 1·1orst case, the increment of potential hazardous \·Jaste 
generation due to Rules 1135.1 and 59.l would be about 1100 tons per year, as 
co~pared with the current rate of generation of hazardous wastes in California of 
approximately 11,000,000 tons per year (5). Thus, full.implementation 
of Rules 1135.l and 59.l is not expected tu increase the production of potentially 
hazardous •,,aste in California by more than about 0.01 percent, even in the worst 
case. 

Mitigation of the above increments of hazardous waste disposal is accomplished by 
regulation of liquid and solid hazardous waste disposal in California by the State 
I-later Resources Control Board (and Regional Boards), the Department of Health 
Services, and the Solid Haste Management Board. Through a system of hazardous 
waste generation reporting by the industry, and regulation by the above agencies 
to ensure environ~enta11y sound disposal, the problem of hazardous waste disposal 
associated with the Board's action will be mitigated in the same manner as is the 
disposal of other toxic wastes. 

Co~ment 2: Southern California Edison has expressed concerns that some of the 
toxic ITietals from catalysts that may be used in the SCR process can be released 
into the environment. 

Response: The Board has received no evidence which demonstrates that catalysts 
which are used in the SCR process, as applied to oil or gas fired units to comply 
with Rules 1133.l and 59.l, 1·iould result in significant increases in emissions 
of vanadium (V) or other potentially toxic metals from power plants. 

Vanadium is a natural constituent of crude oil and is also contained in signifi­
cant amounts in the (refined) residual oil burned in power plants in the South 
Coast Air Basin and Ventura County. (6) Thus, at the present time, combustion 
of fuel oil in the South Coast Air Basin and Ventura County is believed to result 
in significant release of vanadium into the environment. Based on data provided 
by SCE (6), and assuming 50 million barrels of oil per year burned in 
pm-,er plants (the minimum amount of oil burned. by all utilities in an~ recent 
year), vanadium emissions are estimated to be about 120 tons per year at the 
present ti~e, i.e. absent further controls. 

2. Depending upon the specific composition of the catalyst selected, 
"spent" catalyst may or may not be classified as a hazardous waste. 

3. 50 x l06BBLS x 320 lbs X 15 x 106 lbs V ton 120 tons V 
year BBL lb fuel oil x 2000 lbs= yr 

If this amount of vanadium is expressed as V205, an oxidized form, the 
amount of V205 is 

120 tons V x 182 tons V205 
year 51 tons of V 



The BoJrd is not aware of any other source of vanadium emissions, due to fuel 
'burning, SCR, or any other source, which is larger than the above current 
emissions fro;n pm,1er plants. Furthermore, the Board is not aware of any data 
which show that the retrofit of SCR to an oil or gas fired power plant would 
result in signifi·:antly increased emissions of vanadium or other components of 
the catalyst. To the contrary, available information from Japan indicates good 
catalyst performance over long periods (in excess of 2 years), suggesting that 
vanadiur-i, the rrincipal active co!:lponent in the catalvst bed. remains essentiallv 
intact and continues to perform at, or near, full design efficiency. (3) Vanadium or 
v,rnadium compounds could potentially present risks as toxic compounds at elevated 
levels of human exposure; however, such compounds have not been identified as high 
priority toxic compounds at the present time,(9. 10) and evidence received bv the Board 
does not support the concern that Rules 1135.1 and 59. l 1•1ould result in sign'ificant 
environmental impacts. If vanadium or vanadium compounds are identified as a 
significant threat or potential threat to human health or the environment at some 
future time, such compound(s) would be regulated in accordance ~1ith the statewide 
programs to control airborne toxic substances, including existing and future ARB 
and local district programs. 

Comment 3: Southern California Edison has raised concerns that nitrosarnines can 
be formed as a result of ammonia injection in flue gases for Thermal De~lOx and 
SCR processes. 

Response: Representatives of SCE testified that with a model system using a 
propane/air flame, they have found a potential for formation of nitrosarnines when 
ammonia is injected in the flue gases. Subsequent testimony by SCE 
indicated that the company's concerns regarding the formation of nitrosamines was 
based on injection of ammonia in a _Eropane enriched flame. Ho1-1ever, this situation 
would occur only during a boiler upset condition. It is standard operating 
practice at the present time to avoid any such possible upsets in order to ensure 
system safety and reliab·ility. Consequently, since the utility boilers are care­
fully operated with excess air and are not fuel enriched, the hydrocarbon radical 
(essential to the formation of nitrosamines) would be completely oxidized and would 
not be available for the formation of nitrosamines in the presence of ammonia. 
Thus, no nitrosamines are expected to be formed if ammonia is injected in a normal 
operating mode of an electric utility boiler. Mitigation of possible impacts
during boiler upset conditions consists of the utilities continuing current 
standard operating practices to avoid unsafe fuel-rich operation of a boiler. 

Corr1rn2nt 4: Lf,DWP has raised concerns regarding ammonia breakthrough to the 
atmosphere as a result of its injection in the noncatalytic and catalytic 
deNOx methods. 

_P:~_~onse:. As explained in the introduction, ammonia (NH ) is injected in the 
flue gases to reduce NOx emissions through chemical reactions leading to the 
formation of harmless materials. Ideally. a stoichiometric (chemically correct) 
arr.aunt of W--1 3 can be used to reduce 100 percent of the NOx to harmless molecular 
nitrogen and water vapor, 1·ii th no ammonia breakthrough. However, in practice, 
the stoichiometric NH3:NO mole ratio of 1:1, in the presence of a catalyst, will 
typically reduce NOx emi~si?ns by 90_perce?nt with a residua: NH3 concentrat}on of 
less than 10 parts per m1ll1on (ppm). (l) In processes which reduce NOx without 
use of a cataltst, higher_NH3:NO m?le rati~s may be_required for less than 90 
percent reduction, resulting in slightly higher res1d~al NH3. 
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This rc,sicuJl iHL:i is cormronly kno,m as "NH
1 

slip", "breakthrough", "carryover", 
or "r"lectse". Tflis ammonia breakthrough is minimized by optimizing the design 
and 0µ2ra~ion of the catalytic and noncatalytic deNOx processes, as illustrated 
by the attached Figure 2. The attached f-igure sho1-1s that an SCR system, 1·1hen 
operated for 90 percent NOx removal efficiency, is expected to result in NH3breJkthrcu;h in the range of 5-10 ppm in stack gases. However, SCR systems 
which are d2sign2d and operated for 80 percent NOx removal efficiency are 
expectf,d to result in stack gas concentrations of less than 5 ppm of NH3 carry­
over. As discussed in the ARB Staff Report of September 19, 1980 (7), ground level 
l,H~ concentrations at the point of maximum plume in1pact would be expected to 
b,tl/1000 of the st.:1ck conc,;ntrations, resulting in ground level NH3 concen­
trations below natural background levels and far below the level of any adverse 
health impacts which have been identified. 

Because optimum operation of an SCR system to reduce NH1 breakthrough would also 
minimize the consumption of NH 3 and the deposition of NA 3-based reaction products 
on components such as air preh~aters, system design and bperation to minimize NH3C;)rryover is also in the economic interest of the system owner/operat.)r, as this 
1·1ould minimize operating and maintenance expenditures. Thus, any remaining impact 
of i;H1 brea«through woul ct be fully mitigated by the utilities by system design 
and operation to mini1nize NH3 emissions. 

Co,ment 5: LAOWP has expressed concerns that SCR systems promote the oxidation 
ciY--sulfur dioxide ~S0 ) to sulfur trioxide (S03) and that therefore the total 
sulfate concentration 

2
in the flue gas 1-1ould be increased bv the orooosed rtJles. 

Furthermore, LAO~iP believes that increased sulfate emissio·ns may· adversely affect 
our ability to attain and maintain applicable ambient air qual'ity standards and 
the public health and welfare which these standards are designed to protect. 

f;}_s-2.9_ri~e_: As explained in the introduction, SCR systems are used ~o facilitate 
r:ox enission control. In addition to the two chemical reactions tnat convert 
LOx to t1 2 and H?O (see introduction), a third reaction also occurs, simultaneously. 
This thir3 reacflon is the oxidation of sulfur dioxide, a compound produced during 
t:-i_:, co;;;busion of an_y fuel containing sulfur, to sulfur trioxidP, ,rnd can hF> 
expressed as follows: 

2 so2 + -7 2 so3 (3)o2 

In the absence of an SCR system, this reaction will o~cur naturally in the atmos­
phere, but at a slower rate. Because of the corrosive nature of so3 and its potential 
to combine with rlH3 to form an1monium s11lfates and other potentially condensible 
co;,1pounds r;;os t of the process vendors have improved the·ir ca ta lys ts to minimize 
U1f~ conversioq of so2 to so3. SCR systems which are currently in use convert from 
1.5 to 2.5 percent or higher of so2 to so3 (1) whereas new catalysts are developed 
and_tested to suppress ~o~v~rsi~n to less than one-half perce~t_of th~ SOz to so3. (4) 
As 1n the case of the m1n1m1zat1on of NH3 breakthrough, the m1n1m1zat1on of so3
fonration is also in the economic interest of utilities, since it would minimize 
rr:aint2nance costs. Consequently, utilities can design SCR systems using catalysts 
which minimize S03 formation to substantially mitigate any potential adverse 
impacts of SCR on sulfate emissions. 
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Figure 2 
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Comment 6: LAD'..JP has expressed concerns that the use of enough ammonia to effect 
a9◊-percent NOx emission removal could result in the formation of arr.monium 
sulfate {{NH4),so4) and ammonium bisulfate (NH4HS04) deposits which could fo11l 
the air preheater. Furthermore, LAOWP believes that aer_osols of these compounds 
could cause environmental problems, and their presence in the stack plume may 
cause opacity problems due to the presence of condensed particles. 

Response: The formation of ammonium sulfate and ammonium bisulfate depends upon 
the concentrations of NH and S0 3 in flue gas and also on the temperature of the 
flue gas. Ammonium bisuifate is formed as a result of the reaction between NH3> 
so

3
, and water vapor as described in the following reaction: 

NH3 (gas) + S03 (gas) + H2o (gas)~ NH4Hso4 (liquid). 

In the presence of excess a1r.monia, ammonium bisulfate may further react to form 
amoni um sulfate (so1 id) as fo11 O\·/S: 

NH4HS04 (liquid)+ NH3 {gas)~ (NH4)2so4 (so1id) 

- The conditions under 11hich these compounds l'lill be formed are shown in Figure 3. 

As can be seen in Figure 3, actions 11hich reduce both NH::i carryover concentrations 
and SO concentrations ( as discussed in the responses to comments 4 and 5) wi 11 
also r~sult in lower temperatures of formation of ammonia-sulfur compounds, and 
thus would be expected to reduce the formation of such compounds. As discussed 
above, these actions, both individually and col1ective·1y, are expected to reduce 
potential operating and maintenance costs to the utilities. Therefore, mini­
mization of NH3 carryover concentrations and SO,., concentrations are available 
mitigation actions which are expected to be fulTy implemented by the utilities 
and are in the economic interests of the utilities. 

With regard to potenti al opacity problems, of the more than seventy commerci a 1 
installations operating with SCR in Japan (7), the Board is unaware of any
data noting opacity problems on any of these units. Furthermore, opacity (the 
darkness and visibility of stack emissions) is regulated by state lm-, (Health 
and Safety Code Section 41701) and local air pollution control district regu­
lations, and any adverse impacts 1-Jill have to be mitigated by the utilities pursuant 
to these requirements. 

Comrr:ent 7: LADWP has expressed concerns that amrnoni um sulfates formed as a 
result of.the SCR process may produce deposits on the air preheater and force 
more frequ~nt washings than would otherwise occur. An air preheater wash will 
create a large volume of waste water for disposal. LADWP estimates that depending 
upon the washing period, the additional waste water n1ay range from 300,000 to 
1,000,000 gallons and is concerned about the potential adverse environmental 
impact of disposal of such waste water. (LADWP did not specify 1·1hether the 
additional waste water use was projected on an annual hasis or for some other 
time period.) 
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Re~onse: The LADHP estimate apparently applies to an annua~ ~eneration rate for 
1-iaste w-ater under the assumption that ll of its units, compnsrng 2593 MW, W?uld 
be required to install SCR units designed for 90 percent _NOx remov~l. The final 
version of Rules 1135.1 and 59.1 requires that only l units of LADAP, compr1s1ng 
912 M>J, 1,iould be required to be retrofit 1vith SCR des!g~ed for SQ percent NOx 
removal. Consequently, the actual quantities of add1t1onal wast~ water generated 
due to the adopted rules will be significantly less than !hat est1mat~d by LADHP. 
Furthermore, as explained above, the potential for form~t1~n of ammonium_c~m~ounds 
can be minimized by techniques 1·1hich are in the econorn1c interest o'. ut1l1t1es 
and which minimize NH breakthrough emissions as 1vell as the convers1on of S023 
to so3. 

In addition, because air preheaters are periodically washed at the present time 
(1,,ithout SCR installed), any ~d?itional waste water generated wo~ld be treated. 
and disposed of in a manner s1m1lar to that currently used, and 1n accordance w1th 
requirements imposed by the State and Regional Water Quality Control Boards. 
Accordingly, any potential adverse environmental effects due to additional 
waste water disposal would thus be mitigated in accordance with regulations 
of those agencies having jurisdiction over 1-iater quality. 

Comment 8: SCE expressed concerns regarding potential hazards of anm1onia storage, 
handling, and transport and the possibility of accidental releases of ammonia. 
LADWP al so expressed concerns regarding storage of ammon·i a. 

Response: In order to evaluate the potential hazards of ammonia storage, handling 
and transportation, the ammonia-related hazardous4materials incidents have been 
con,oared to all the hazardous materials incidents in the U.S. in 1978. In 
add~tion, the amount of NH 3 required as a result of Rules 1135.1 and 59.1 _is small 
compared with national statistics for ammonia shipments. 

Table l compares ammonia related incidents v1ith all hazardous materials incidents 
in the U.S. in 1978. As shmm in this table, shipment of about 9 million tons 
of ammonia in 1978 resulted in sp-i 11 age of about 188 tons ( 0. 002?0 in 95 incidents. 
These incidents resulted in 2 deaths, 58 injuries, and $98,000 in damages. By 
comparison, all hazardous materials incidents, totalling 17,750 in 1978 resulted 
in 46 deaths, 1072 injuries, and $16 million in damage. Table 1 also compares 
ammonia requirements of Rules 1135.1 and 59.l with national average shipments and 
data on incidents. These data suggest a relatively low probability of incidents 
with relatively very low or negligible expected impacts. 

Table 2 shows that the mean mortality index for ammonia is 0.02 as compared to 
the mean mortality index of hydrocarbons which ranges from 0.1-0.6. These data 
indicate tlJat ammonia, 1,1hich is co;nrnonly used in many household, commercial and 
industrial cleaning applications and which is used in agriculture in significant 

4. A hazardous materials incident is defined in 49 CFR 171.15 (1977) 
according to criteria established by the U.S. Department of Transportation. 
Basically, these criteria include: accidental deaths or injuries, property damage 
in excess of $50,000, or other specified damages. 
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TABLE l 

ANHYDROUS AMMONIA STATISTICS 

Total amour.ts of shipments of anhydrous ammonia in the U.S. in 1978 8.7 million tons 

Total amount spilled of those shipments in the U.S. in 1978 188 tons 

Statistics of the 17,750 incidents* in 1978 in the U.S. Deaths 
Injuries
Damages 

-

46 
1072 
$16 mill ion 

Statistics of the 95 incidents involving anhydrous ammonia 
1978 in the U.S. 

in Deaths 
Injuries
Damages 

2 
58 

$98,000 

Total amount of anhydrous am~onia used by agriculture in the U.S. in 1978 4.5 million tons 

Total amount of anhydrous arrm1onia required to comply with the Rules 
15,000 tons per year 

*An incident is as defined in 49 CFR 171.15 (1977). 

Source: U.S. Department of Transportation, National Fertilizer Association and ARB/SSCD 

https://amour.ts


- - - - -
TABLE 2 

ESTIMATE OF MEAN MORTALITY INDEX OF AMMONIA 
AND ITS COMPARISON \-JITH OTHER GASES 

LOCATION DATE AREALSITE SOURCE OF LEAKAGE 
QUANTITY 
METRIC TON NUMBER OF FATALITIES 

Floral, Ark. June 5, 1971 Rural Pipeline 600 tons 0 
Enid, Oklahoma May 7, 1976 Urban Pipeline 500 0 

Conway, Kansas December 6, 1973 Rural Pipeline 277 0 
Lands krona, January 16, 1976 Port Ship-storage 180 2 

Sweden connection 
Blair, Nebraska November 15, 1970 Rural Storage tank 160 0 
Crete, Nebraska February 18, 1969 Urban Rail tanker 90 9 
Belle, West Va. January 21 , 1970 Urban Rail tanker 75 0 
Texas, Tx City September 13, 1975 Urban Pipeline 50 0 

Potschefstroom, July 13, 1973 Urban Storage tank 38 18+ 
South Africa 

Houston, Texas November 15, 1976 Urban Road tanker 19 6 
L ievi.n, France August 21, 1968 Urban Road tanker 19 6 

Mean mortality index= total number fatalities 
total amount lost 

= 41 
-2008 

= 0.02 
+Without this incident the me,rn mortality index = 0.01 
Mean mortality index of chlorine= 0.3 

11 
" " of flammable gases or vapor = 0.1 -0.6 

11 11 11 of Am.'llonium Nitrate = O. l 
Source: A report on Major Hazards by Advisors Co~mittee, Health and Safety 

Corrmission, Great Britain, 1979. 
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quantities, is not particularly dangerous when handled with proper caution. 
Accordingly, mitigation measures expected to be taken by utilities to ensure 
minimization of potential hazards due to ammonia spillage, which would consist 
of implementation of standard safe operating practices for potentially hazardous 
materials, are expected to reduce potential hazards to very lm-1 or negligible 
levels. 

Co11~ent 9: LADWP, in its written testimony, expressed concerns regarding 
-for::iation of hydrogen cyanide (HCN) by ammonia injection. 

Re~pon:;e: Brown and Sawyer i·1ere not able to detect either HCN or other ni tro­
genous species (other than NOx, NH3 , or N ) in the stack gas from a laboratory 
combustor burning No. l diesel doped with2pyridine_. (Quarterly Pr9gress ~eport. 
for ARB Contract A8-146-31 for l May - l July 1980). Basect upon m1n1mum aetect1on 
limits associated with the various analytical procedures used, Brown and Saw_yer 
estimated conservative upper limit concentration values of 5 ppm for all 
nitrogenous species (other than NOx, NH3, and N2) and l ppm for HCN in the 
laboratory combustor stack gas. 

These data, taken along with SCE's and ARB's tracer studiijS, whi!:g show that 
emissions from tall stacks are diluted by a factor of 10 to 10 (7), i 
she~ that the maximum surface level concentration of all nitrogenous species 
(other than NOx, NH3, and N2) is in the range of 5 to50O parts per trillion 
and l to 100 parts 2er trilTion for HCN, and may be substantially less. 

A threshold limit value (TLV) of 10 parts per million has been designated for 
hydrogen cyanide (HCN}, according to Multimedia Environmental Goals for 
~!:]~iron.:-nental Assessment, Volume ll ,_]iEG_~harj:_s_Jl_t1~ __!!_a~tground Information, 
J.G. Cleland and G.L. Kingsbury, November, 1977; EPA-6OO/7-77-l36b. The ambient 
level goal recommended in that same work is 24 parts per billion, based on health 
effects. Documentation of the Threshold Limit Values for Substances in lforkplace_ 
~i!:, (;.merican Conference of Governmental Industrial Hygienists, Third Edition 1971), 
shm-15 that the TLV of 10 parts per mil"lion "contains a two-fold margin of safety 
against mild symptoms of HCN response." 

Thus, according to the test data, the highest ambient concentration expected would 
be a factor of more than 200 be1o~, EPA recommended envi ronmenta 1 goals for the 
atmosphere. 

Corn,1,ent l O :· SCE expressed concern that the Board's action 1-mul d exacerbate ozone 
and oxidant air quality problems in the South Coast Air Basin. 

Resnonse: ·This concern is dealt with at length in the Board's Findings and 
Basis for decision, ,~hich is incorporated by reference herein. 

CERTIFIED: ,&_Lt;L 
Sa 11 y Rurnr "' 
f.ln;ird Secr0t,1ry 

- Date: 
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. . . Alternatives. 

There are five basic alternatives which the Board could adopt in reconsidering 
SC~Q~J Rule 1135.1 and VCAPCD Rule 59.l. Following are descriptions and dis-

ecussions of these alternatives. 

Alternative 1: Take no action; that is, the "no project" alternative. This 
alternative 1-iould, in effect. reaffirm the versions of SCAQMD Rufe7T35.l and 
VCAPCO Rule 59.l, currently stayed, both of which the Board adopted on 
March 27, 1980. This alternative would neither prevent nor mitigate the 
environmental and other concerns raised by the petitioner, SCE, and LADWP, 
the intervenor. It is with regard to the existing versions of these two 
rules that the environmental questions have been raised. 

Alternative 2: Rescind SCAQMD Rule 1135.1 and VCAPCD 59.l. Under this 
alternative, fur.ther tWx ennss10n reduct1ons would not be required, and power 
plunts \•10Lild continue to be subject to the control prescribed by SCAQMD Rule 464 
(125-225 ppm for gas-fired units and 225-325 ppm for oil-fired units) and by a 
comparable VCAPCD rule. Although this alternative would eliminate the concerns 
raised by SCE and LAD\·JP, it would forego emission reductions of almost 60 tons 
per day of rmx by 1990. Currently, NOx em-issions from stationary sources in the 

Aouth Coast Air Shed are slightly over 450 tons per day. The nonattainment area 
~lans for the South Coast Air Basin and the Ventura County Air Pollution Control 

District rely on these emission reductions to attain and maintain the national 
a::;bient air quality standards for nitrogen dioxide and suspended particulate matter 
and, in the case of Ventura, for ozone as 11e11. A 1 so, such reductions in the 
er:ii ss ions of NOx are necessary if the state ambient air quality standards for 
nitrogen dioxide, suspended particulate matter, and visibility are to be attained 
and rn1intained. If those standards are not attained and maintained, the adverse 

ec'.fccts on the pub!ic health and welfare that the standards are intended to prevent 
will not be prevenLed. 

Because the federal Clean Air Act and the California Health and Safety Code require 
that the aii!bient air quality standards be attained and maintained in order to 
protect public health and 1-1elfare, withdra1•1al of Rules 1135.l and 59.l would 
rec;L•ire that ne11 measures be adopted to effect equivalent reductions from other 
suurc~s. That is, NOx control n1easures would have to be adopted for sources for 

- which control methods have not yet been identified, or for which controls cost 
m:'lre for each pound of NOx reduction than those required by Rules 1135.l and 59.l. 
Since all of the significant adverse environmental effects expected to result 
from the proposal can be mitigated, the benefit of achieving the 60 tons per day
NOx enission reductions by controlling po11er plants is preferable to controlling 
other sources at this time because control of other sources may be accompanied 
by unkr.Ol•m e0vironmental impacts. 

If other, more costly or unidentified rules were not quickly adopted, this alter­
native would be inconsistent with state and federal laws, and would result in 
pollutant concentrations in the South Coast Air Shed which would be detrimental 
to the public health and welfare. This alternative is therefore infeasible, with 
significant adverse impacts on the environment: 

Al ternat i ve 3: Amend Rules 1135. l and 59 .1 to be less stringent. Concerns raised 
by SCE and LAD:•/P ( such as i ricrea secl. envi ronmenta·l burden's-of heavy metals from 

A catalysts and emi:;sions of ammonia) could be partially mitigated by making the 
•existing rules less stringent. Although this alternative would still provide 

some cost-effective reductions in emissions of NOx, these emission reductions 
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1-;oc;l d be 1 ess than the reductions that wou 1 d result from the current rules. 
Tr.erefore, the sa~e problems discussed under Alternative 2 would apply, albeit to 
a lesser degree, to this alternative. Overall, the air quality benefit expected 

Af:,y impler:-,entation of the rules would be lost 1-1hile the adverse impacts of the 
9rt.:les would not be cornr.iensurably reduced. This is especially true since all such 

inpacts can be ~itigated without loss of environmental benefits, or have been 
found not to be a problem. 

Alternative~: Rescind Rules 1135.1 and 59.l and restore the South Coast Air 
Q""_;ifity t·'.anaqe!cent Dj_str_ict's original Rule 475.l. This rule required a 90 percent 
reduction in emissions from ever_y unit, a far more costly alternative since the 
utilities would not have the flexibility of selecting units to be controlled. This 
alternative would undoubtedly be unacceptable to SCE and LADWP because they petitioned 
tne Soard to set this rule aside in 1978. After hearing testimony on the rule, the 
Board found the rule to be inconsistent with Division 26 of the Health and Safety Code 
for several reasons and amended the rule on August 7, 1978. The Board found at that 
t1~e that the rule imposed an unreasonable financial and engineering burden on the 
affected util it.ies and did not require best available technological and administrative 
practices. fiothing has changed in the interim to affect these findings; as a 
result, adoption of this alternative would result in a rule which would be in 

Aonfl i ct 1·1ith the Hea1th and Safety Code. Furthermore, this alternative would 
~xacerbate the environmental concerns raised by the two utilities. While from an 

air quality point of vie11 this rule would achieve greater NOx reductions than the 
proposal, economic impacts of this alternative would render its application infeasible. 

It also should be noted that the Ventura County Air Pollution Control District did not 
adopt a rule to control NOx emissions from power plants similar to Rule 475.1 adopted 
by the SCAQMD. Therefore, for consistency, the Board would have to consider adopting. 

- similar rule for the VCAPCD. 

Alternative 5: Anend Rules 1135.l and 59.1 as proposed. 

CC::CLUS ICil 

The Board finds that Alternative 5 is the n1ost desirable of the alternatives listed. 

I Alternative S offers the potential of reducing emissions of NOx in the South 
Coast 1,ir Shed by an amount nearly equivalent to the reductions that 1·1ould result 
fr·o:n the current versions of Rules 1135.1 and 59. l, while effectively lessening 
the significant environmental concerns raised by SCE and LAD\~P. This conclusion 
is based on the following: 

1. The requirements of the amencled Rules are clear, easily understood, and not 
subject to uncertainty. 

2. The amended Rules require the utilities to install controls only on units 
that are certain to be in r,se as base-load units through 1990, and units 
which wi 11 have high capacity factors under any rea1is tic oil and gas 
reduction scenario likely to occur. 

3. The emission reductions resulting from implementing.the amended Rules are 
needed to attain and maintain the state and national ambient air quality 
standards for nitrogen dioxide and total suspended particulate matter in 
the South Coast Air Basin, and for nitrogen dioxide, total suspended particu­
late matter, and ozone in the Ventura County Air Pollution Control District. 
These reductions are also needed to attain and n1aintain the state visibility
standard. 
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Cor.ipl iance with the amended rules can be achieved through installation 
of SCR on a limited number of units. 

In addition, weakening of the rules would only partially mitigate the environmental 
concerns raised, \•1hile creating new, more serious concerns (e.g., increases in NOx 
emissions or NH3). Most of the environmental concerns raised have been determined 
not to pose significant problems. Further, all legitimate concerns can be mitigated. 
Tl1e n1itigation measures identified are either within the jurisdiction of other 
agencies, which are currently regulating the subject utilities, or are within the 
direct control of the utilities that raised the concerns. Further, the utilities 
have an economic interest in assuring that the measures are carried out. Finally,
for the reasons identified in items l through 4 above, Alternative 5 will result 
in fewer potential adverse environmental impacts compared to Alternative l, the 
no action alternative. 
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RECEIVED BY 
Office of the SecretaryState of Ca1ifornia 

AIR RESOURCES BOARD DEC 2 3 19t!U 
Resolution 80-68 

Reaourcei Agency of Ccilifornici 

December 18, 1980 

\JHEREAS, Health and Safety Code Section 39003 provides that the Air 
Resources Board (the "Board") is the state agency chat ~ed 1-1ith coordinating 
efforts to attain and maintain ambient air quality standards; 

rJHEREAS, Health and Safety Code Section 39002 provides that local and 
regional authorities have the primary responsibility for control of air 
pollution from all sources other than vehicular sources, and provides 
further that the Board shall undertake control activities in any area 
wherein it determines that the local or regional authority has failed to 
meet the responsibilities given to it by Division 26 of the Health and 
Safety Code or any other provision of 1aw; 

WHEREAS, Health and Safety Code Section 39500 provides that it is the intent 
of the Legislature that the Board shall coordinate, encourage and review the 
efforts of a11 levels of government as they affect air quality; 

HHEREAS, Health and Safety Code Section 39600 provides that the Board shall 
do such acts as may be necessary for the proper execution of the pm•;ers and 
duties granted to, and imposed upon, the Board by Division 26 of the Health 
and Safety Code and by any other provision of la\•/; 

l'1HEREAS, Health and Safety Code Section 39602 designates the Board as the 
air pollution control agency for all purposes set forth in federal law; and 
provides further that the Board is responsible for preparation of the state 
implementation plan required by the Clean Air Act, and to this end sha11 
coordinate the activities of a11 districts necessary to comply with that Act; 

HHEREAS, Health and Safety Code Section 39605 provides that the Board may 
provide any assistance to any district; 

rJHEREAS, Health and Safety Code Section 40001 provides that the loca1 
districts shall adopt and enforce rules and regulations which assure that 
reasonable provision is made to achieve and maintain the state ambient air 
quality, standards and shall also endeavor to achieve and maintain the federal 
ambient ~ir quality standards; 

rJHEREAS, Health and Safety Code Section 40440, as presently in effect and 
as amended effective January l, 1981, requires that the rules and regu1ations 
of the South Coast Air Quality Management District reflect the best available 
technological and administrative practices; 

WHEREAS, Health and Safety Code Section 40462, as presently in effect and 
as amended effective January 1, 1981, requires that the South Coast Air 
Quality Management Plan provide for achievement of state ambient air quality 
standards at the earliest date achievable by application of a11 reasonable 
and available (or reasonably available) control measures and technologies; 



State of California 
AIR RESOURCES BOARD 

Resolution 80-69 

December 18, 1980 

WHEREAS, Health and Safety Code Section 39003 provides that the Air 
Resources Board (the "Board") is the state agency charged with coordinating 
efforts to attain and maintain ambient air quality standards; 

WHEREAS, Health and Safety Code Section 39002 provides that local and 
regional authorities have the primary responsibility for control of air 
pollution from all sources other than vehicular sources, and provides 
further that the Board shall undertake control activities in any area 
wherein it determines that the local or regional authority has failed to 
meet the responsibilities given to it by Division 26 of the Health and 
Safety Code or any other provision of law; 

WHEREAS, Health and Safety Code Section 39500 provides that it ts the intent 
of the Legislature that the Board shall coordinate, encourage a,nd review the 
efforts of all levels of government as they aJfect air quality; 

WHEREAS, Health and Safety Code Section 39600 provides that th.e Board shall 
do such acts as may be necessary for the proper execution of the powers and 
duties granted to, and imposed upon, the Board by Division 26 of the 
Health and Safety Code and by any other provision of 1aW'; 

WHEREAS, Health and Safety Code Section 39602 designates the Board as the 
air pollution control agency for all purposes set forth in federal law; and 
provides further that the Board is responsible for preparation of the state 
implementation plan required by the Clean Air Act, and to this end shall 
coordinate the activities of all districts necessary to comply with that Act; 

WHEREAS, Health and Safety Code Section 39605 provides that the Board may
provide any assistance to any district; 

WHEREAS, Heal th and Safety Code Secti on 40001 provides thil,t th_e 1oca1 
districts shall adopt and enforce rules and regulations which_ assure tha,t 
reasonable provision is made to a,chieve and maintain the sta_te ambient air 
quality standards and shall also endeavor to achieve and maintain the federal 
ambient air quality standards; 

WHEREAS, Section 107(a) of the Clean Air Act provides that it is the 
responsibility of each state to assure air quality within th.e enttre 
geographic area of the state; · 

WHEREAS, Section llO(a)(l) of the Clea,n Air Act requires that each state 
adopt a plan which provides for the implementation~ maint~nance, and enforce­
ment of national primary ambient air quality standards withJn each air 
quality control region of the state; 
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WHEREAS, Section 110(a){2) of the Clean Air Act requires that such plan 
provide for the attainment of such standards as expeditiously as practicable; 

WHEREAS, Section 172(a)(l) of the Clean Air Act requires that an implementation
plan for nonattainment areas provide for the attainment of national primary 
ambient air quality standards as expeditiously as practicable and no later than 
December 31, 1982; 

WHEREAS, Section 172(b)(2) of the Clean Air Act requires the implementation
of all reasonably available control measures as expeditiously as practicable; 

WHEREAS, Section 172(b)(3) of the Clean Air Act requires that such nonattainment 
area plans require reasonable further progress (as defined in section 171(1))
including such reduction in emissions from existing sources in the area as may
be obtained through the adoption, at a minimum, of reasonably available control 
technology; 

WHEREAS, Heal th and Safety Code Secti on 41650 provides tha,t the Board sha,11 
adopt the nonattainment area plan approved by a designated air quality planning 
agency as part of the state implementation plan unless the Board finds that the 
nonattainment area plan will not meet the requirements of the Clean Air Act; 

WHEREAS, the California Environmental Quality Act and B.oa,rd regulations require
that an action not be adopted as proposed if significant environmental irnpa,cts
have been identified and there exist within the jurisdiction of the Board 
feasible mitigation measures or alternatives which would substantially lessen, 
mitigate or avoid such impacts; 

WHEREAS, the Board, in Resolution 79-49, May 29, 1979, adopted Rule 59.1 for 
the Ventura County Air Pollution Control District in response to a,ctton of 
the Ventura County Board of Supervisors deferrtng such action to the Board; 

WHEREAS, the Board, following notice and hearings held in January and Ma,rch 
1980, on March 27, 1980, adopted Resolution 80-23 in which i.t amended Rule 59. l; 

WHEREAS, Southern California Edison ("SCE") petitioned th_e Board to reconsider 
Rule 59.l; 

WHEREAS, public hearings have been held and the Board has considered all 
aspects of Rule 59. l and has received and cons.idered the evidence presented 
to it; 

WHEREAS, as speci fi cally set forth in the Statement of Findings and Response to 
Opposing Considerations adopted herewith. and made a part of this. Resolution, the 
Board finds: 

That the provisions of Rule 59. l are technologically feastole a,nd 
cost-effective; 

That the provisions of Rule 59. l a,s amended are necessa,ry to meet th.e 
requirements of the Clean Air Act; 
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That the prov1s1ons of Rule 59.1 as amended assure that reasonable 
provision is made to achieve state ambient air quality standards; and 

That the provisions of Rule 59.1 as amended are appropriate to 
implement and effectuate the purposes of Division 26 of the Health 
and Safety Code. 

WHEREAS, the Board further finds, in accordance with the requirements of 
CEQA and as set forth in detail in the Response to Significant Environmental 
Issues incorporated by reference herein: 

That all adverse environmental effects found to be significant by
the Board can be mitigated by the utilities pursuant to cost-effective 
operating procedures, are being minimized by improved catalyst design, 
or are within the jurisdiction of other public agencies which are 
currently regulating the activities generating such effects so as to 
mitigate any anticipated adverse impacts on the environment; and 

That alternatives considered are either less effective in reducing NOx 
emissions and protecting public health and welfare, or are economically
infeasible due to excessive increased costs to the utiltties. 

NOW, THEREFORE BE IT RESOLVED, that the Board amends VCAPCD Rule 59.1 as set 
forth in Attachment A hereto. 

BE IT FURTHER RESOLVED, that the Executive Officer is directed to transmit 
Rule 59.l as amended to the Environmental Protection Agency for inclusion 
in the California State Implementation Plan. 

I certify that the above is a true and 
correct copy of Resolution 80-69, as 
adopted by the Air Resources Board. 

~f? 
(/BOARD~ 7 



Attachment A 

Rule 59. l of the Ventura County Air Pollution 
Control District as Amended by the 

California Air Resources Board 

December 18, 1980 

A. Applicability 

This rule sha 11 apply to any electric uti 1 ity with a system of 
electric generating units the total rated capacity of which is more than 
500 megawatts. 

B. Definitions 

Available units are those electric generating units in the system
which, except during periods of regularly scheduled maintenance, can be 
operated without incurring more than the normally acceptable risk to the 
system, unit, or personnel, and for which fuel can be supplied for at 
least the next day's operation. 

Baseline emisshins are of oxides of nitrogen expressed in pounds of 
oxides of nitrogen (a§ nitrogen dioxide, N02) per hour at each of ten load 
points of equal increments from minimum load to 100 percent load for each 
unit of a utility as tested by the utility and as reported to the Air 
Pollution Control Officer in 1979. rn the case of units for which no such 
report was submitted in 1979, each affected utility shall submit to .the 
Air Pollution Control Officer source test data which show oxides of nitrogen
(NOx) emission rates for 1979 at the load points specified herein. 

Rated capacity ts, for any electric generating unit, the lesser of 
the manufacturer's name-plate capacity in megawatts for the unit; or the 
capacity in megawatts to which a unit is restricted by a condition on the 
electric generating unit's permit to operate. 

Steam generated electric capacity is the total rated electric capacity, 
as of January l, 1978, of all units which produced electricity from el ec-,, 
tric generators driven by steam turbines located within the Ventura County
Air Pollution Control District. Steam generated electric capacity does not 
include electric generating capacity of simple or combined cycle gas turbine 
units. 

C. Requirement for Least NOx Dispatch 

1. Ihe owner or operator of an electric power generating system sha11 at 
all times operate the available units in the system in a manner that 
minimizes the rate of emissions of oxides of nitrogen from the system
("least NOx dispatch"). Simple cycle gas turbines are exempted from 
the least NOx dispatch requirements. 



2.a. A plan detailing the method for meeting the requirements in sub­
section C.1. shall be submitted to the Afr Polluti.on Control Officer 
for considerati'on no later th.an March 1, 19Bl. Within 60 days of 
receipt of such a plan, the Air Pollution Control Officer shall 
approve or disapprove tne plan. In the event tne plan is disap,-, 
proved, the Air Pollution Control Officer shall notify the affected 
uttl ity in writing, and shall state the grounds for the disapproval. 
Within 30 days of such notification, the affected utility shall submit 
a revised plan whtch eliminates the stated grounds of disapproval. 

b. A revised plan shall also be submitted to the Air Pollution Control 
Officer within 30 days after a new or modified unit is added to the 
system or a unit is removed from the system. A revised plan sub­
mitted when a unit is added to or removed from the system shall be 
subject to the requirements for review, approval and revision set 
forth in subsection C.2.a. for the original plan. 

3. Effective 30 days after approval by the Air Pollution Control Officer, 
the system shall be operated according to the approved plan. 

4. Records relating to compliance with this section shall be kept in a 
manner and form specified by the Air Po 11 ution Contra 1 Officer. 

D. Requirements for Control 

Any owner or operator of an affected electric power generating system 
shall 1imit the emissions of oxides of nitrogen from the steam generator 
of each electric generating unit with a rated capacity of 500 megawatts or 
more to not more than 20 percent of the baseline emissions. Such limit 
shall be achieved over the entire operating load range of each unit controlled. 

E. Compliance Schedule 

1.a. No later than December 1, 1983, each affected utility shall limit the 
emissions of one unit with a rated capacity greater than 300 megawatts 
to the levels specified in section D, provided that this provision 
shall not require an affected utility to attain such 1imit by December l, 
1983 on more than one such unit within its total system. 

b. Except for the requirements of subsection E.l.a., all controls neces­
sary to meet the requirements of this rule shall be installed no later 
than during the first regularly scheduled shutdown after October l, 
1985, for each unit on which controls are to be installed as specified 
in the compliance plan required by section E.2. 

c. All units on which controls are to be installed as specified in the 
compliance plan required by section E.2. shall be controlled by 
December 31, 1989. 

https://Polluti.on
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2, A final compliance plan shall be suomitted to the Air Pollution 
Control Officer for consi.deratton no later than March l, 1981. The 
plan shall contain a list which. identifies those units to be con­
trolled and s·ha.11 tnclude a detailed description of the steps that 
will Be taRen to sati'sfy the requirements of subsections E. l .a., 
E.1,1:L, and E.1.c. The description shall contain a construction 
schedule for each untt on wfitcn controls are to 6e installed, 
Within 30 days of receipt of such a plan, the Air Pollution Control 
Officer shall approve or disapprove the plan. In the event the 
plan is dtsapproved, the Air Pollution Control Officer shall notify 
the affected utility in writing and state the grounds for the 
disapproval. Within 30 days of such notification, the affected 
utility shall su6mit a revised plan which eliminates the stated 
grounds for the disapproval. 

F. Review of Rule 

Within ninety days after one year's operation on any unit of 300 
megawatts or greater capacity within an affected utility's electric power 
steam generating system of controls installed to achieve the emission 
reduction required 6y this rule and upon request 6y an affected utility, 
the District Board shall conduct a hearing to consider the experience 
gained in meeting the requirements of the rule; and whether further imple­
mentation of the rule remains reasona61e and necessary to attain the 
objective of a 90 percent overall reduction in power p,lant NOx emissions 
in the South Coast Air Shed. The rule shall remain in effect pending such 
consideration. Upon request by the District Board, the State Air Resources 
Board shall conduct the hearing. 

G. Severability 

Except as otherwise provided tn this Rule, if any portion of this 
Rule is found to be unenforceable, such finding shall have no effect on 
the enforceability of the remaining portions of the Rule. These remaining 
portions of the Rule shall continue to be in full force and effect. 



State of California 
AIR RESOURCES BOARD 

Public Hearing to Reconsider Rule 1135.l of the South Coast Air Quality 
Management District and Rule 59.l of the Ventura County Air Pollution Control 
District Controlling Emissions of Oxides of Nitrogen from Power Plants 

ARB Compliance with the California Environmental Quality Act (CEQA) 

The following discussion is intended to explain how the ARB assures that any
possible adverse environmental effects of its proposed actions will be identified 
and mitigated. As an environmental protection agency, the ARB is not required 
to prepare an Environmental Impact Report (EIR) on this project, but other written 
documentation prepared by the agency must describe the proposed activity with 
alternatives to the activity and mitigation measures to minimize any significant
adverse environmental impact. Further, regulations adopted by the ARB require
that the action will not be adopted by the Board as proposed if there are 
feasible alternatives or feasible mitigation measures which would substantially 
lessen any significant adverse impact of the activity on the environment. ARB 
regulations also require that prior to taking final action, the Board must respond
in writing to significant environmental points raised during the evaluation 
process. Finally, CEQA requires that the ARB not adopt the activity for which 
significant adverse effects have been identified unless one or more of the 
following findings are made: 

1. That changes have been incorporated into the project which mitigate 
the significant environmental impacts. 

2. That such mitigation measures are within the responsibility and 
jurisdiction of another public agency and have been (or can and 
should be) adopted by such other agency. 

3. That specific economic, social, or other considerations make the 
mitigation measures or alternatives infeasible. 

Consequently, the ARB staff report discusses several possible environmental 
impacts of the proposed rule. Several other concerns were raised during the 
hearing process. These are identified and discussed in the following section. 
In addition, mitigation measures which could minimize any impacts found to be 
significant are examined, as are alternatives to the proposed action. In this 
case, since the proposal is the amendment of certain rules already in existence, 
the "no project" alternative is for the Board to take no action and to leave 
the current rules in place. Other alternatives discussed are the repeal of the 
subject rules in their entirety, amending the rules to be less stringent, and 
restoring the Districts' original Rules. 
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The Board, prior to taking final action, has adopted the attached responses 
to significant environmental issues. Further, in adopting the activity
itself, the Board, in its resolution, has made findings relating to each 
significant environmental issue raised, either incorporating feasible 
mitigation measures and alternatives into the rules. indicating that 
other agencies are responsible for mitigation of these effects, or 
indicating the factors which prevent the imposition of mHigation me.asures 
or alternatives. If future experience revea 1 s adverse envi ronmenta1 
impacts not reasonably anticipated, corrective actton can be taken by the 
Air Resources Board or other appropriate agency (e.g •• the local ai_r 
pollution control districts which will be implementing any adopted rule) 
to mitigate such effects. · 



State of California 
AIR RESOURCES BOARD 

Response to Significant Environmental Issues 

Item: Public Hearing to Reconsider Rule 1135.l of the South Coast Air 
Quality Management District and Rule 59.l of the Ventura County
Air Pollution Control District Controlling Emissions of Oxides 
of Nitrogen from Power Plants 

Public Hearing Dates: November 5, 6, 13, and December 2, 3, 18, 1980 

Response Date: December 18, 1980 

Issuing Authority: Air Resources Board 

Introduction: Southern California Edison (SCE)and the Los Angeles Department 
of Water and Power (LADW~ have raised several concerns which they believe were 
not adequately addressed by the Air Resources Board (ARB) staff in the 
September 1980 report. Since the discussion of many of the issues raised by 
the utilities assumes an understanding of the selective catalytic reduction (SCR) 
-process, it is appropriate to explain briefly the operation and performance of 
the process involved. 

The utilities are being reauired to reduce NOx emissions on some of their steam ---­
generating boilers by 80 pe'rcent. -,his requirement will probably be satETfedby 
retrofitting utility boners with the selective catalytfc recluction (SCR) system to 
control oxides of nitrogen (NOx) emissions. The technology takes advantage of the 
preferential reaction of ammonia (NH 3) with NOx rather than with o~her flue gas
constituents. Since oxygen (02) enhances the reduction, the react1on can be best 
expressed as 

(2) 

Equation l represents the predominate reaction since approximately 95 percent 
of the NOx in combustion flue gas is in the form of nitric oxide (NO). Therefore, 
under ideal conditions a stoichiometric amount of NH1 can be used to reduce NOx 
to harmless molecular nitrogen (N2) and water vapor (R20). 

In practice, an NH3:NO mole ratio of about l :l has typically reduced NO emissions 
by 90 percent with a residual NH3 concentration (also called "ammonia breakthrough") 
of less than 10 ppm. (l)* 

The SCR process requires other auxiliary equipment such as a reactor, a catalyst, 
ammonia storage facilities and ammonia injection systems. 

The optimum temperature for_ the NOx reducti o_ n reaction without a catalyst is 
about l800°F. However, the catalyst effectively reduces.the optimum reaction 
temperature to approximately 600°F to 850°F. 

*See reference list page 14. 
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- Catalysts may be made with different chemical compounds; those with vanadium (V) 
compounds were found to promote the reduction of NOx with NH and to be unaffected 
by the presence of sulfur oxides (SOx), another exhaust gas ~omponent which could 
interfere with the desirable reaction. (2) 

Titanium dioxide (Ti02) was found to be an acceptable carrier, since it is 
resistant to attack from S03 • (2) Therefore, many SOx resistant catalysts 
are based on Ti02 and vanadfum pentoxide (v2o5). 

The life of the catalyst depends upon the type of flue gases it is being used to 
treat. The catalysts to be used on power plants in the South Coast Air Basin should 
last for 2 years or longer. (3) Also, because of oil firing, catalysts will be 
most likely of the parallel flow type. It may have one of many shapes such as 
parallel plate, parallel tube or honeycomb type. It may be made of ceramic material 
such as Ti02 or metal. 

The catalyst may be of homogenous or of coated variety. In essence, the type of 
the catalyst to be used in the power plant depends upon the user and the process 
vendor. Figure l shows as an example of how, typically, a honeycomb type catalyst 
would be placed in a reactor. When the catalyst loses its reactivity, it is 
replaced. 

The above explanatjon brief)Y. summarizes the control_ methods that w'!ll rr~~ly be 
employea to retrofit the utility boilers to comply with Rules 1130.1 and o~.l. ·. 
The discussion that follows addresses the concerns -raised by SCE and LAD\iW and 
the Board's response to those concerns. 

Comment 1: The LADWP has expressed concerns that disposal of spent catalyst in 
an environmentally sound manner is an unresolved problem and that because of the 
presence of vanadium in the catalyst, special disposal or reclamation methods will 
be required. 

Response: The application of selective catalytic reduction to a total of 4432 MW 
of power plant capacity, as required to fully comply with Rules ll35.l an~ 59.1, 
is expected to result in the use of about 1100 tons of catalyst per year. The 
exact type and composition of catalyst would depend on the process vendor and the 
user, but typically a parallel flow, honeycomb type catalyst would contain v2o5and titanium dioxide (Ti02). 

1. This estimate follows from a total generating capacity 
required to be controlled of 4432 megawatts (MW) and SCE's estimate 
(4) that control of its units larger than 175 MW (total of 24 units 
having 7720 MW) would require 1860 tons per year of catalyst, assuming a two 
year catalyst life: 

1860 to~~4432 MW x 2g\~atalySt /Yr = 1068 tons catalyst/yr 

Based on commercial operating experience to date on SCR installations in Japan 
in which catalyst deterioration has not been significant (3) catalyst 
lifetimes are expected to equal or exceed 2 years with 
fuel oil firing and 3 years with natural gas firing. Requirements for catalyst 
are inversely related to catalyst lifetime, hence a catalyst lifetime of 3 years 
corresponds to a catalyst requirement of about 712 tons per year. 
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FIGURE l 
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E."'!:ample of a fixed bed reactor with honeycomb type catalyst 
(lshikawajima-Harima Heavy Industries; sizes arc in mm). 

Source: J. Ando. NOx Attachment for Stationar~, Sources in Japan. 
August 1979. 
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Depending upon the specific type and material of the catalyst selected, valuable 
components may be recovered for reuse, just as used or "spent" automotive 
exhaust catalysts and refinery process catalysts are normally amenable to recovery 
or reprocessing prior to disposal. To the extent that sRent catalyst cannot be 
recovered, and constitutes a potentially hazardous waste2, treatment and/or
disposal at a Class I or Class II-1 (hazardous waste) disposal site may be 
required. In such a worst case, the increment of potential hazardous waste 
generation due to Rules 1135.l and 59.l would be about 1100 tons per year, as 
compared with the current rate of generation of hazardous wastes in California of 
approximately 11,000,000 tons per year (5). Thus, full implementation 
of Rules 1135.l and 59.l is not expected to increase the production of potentially 
hazardous waste in California by more than about 0.01 percent, even in the worst 
case. 

Mitigation of the above increments of hazardous waste disposal is accomplished by 
regulation of liquid and solid hazardous waste disposal in California by the State 
Water Resources Control Board (and Regional Boards), the Department of Health 
Services, and the Solid Waste Management Board. Through a system of hazardous 
waste generation reporting by the industry, and regulation by the above agencies 
to ensure environmentally sound disposal, the problem of hazardous waste disposal 
associated with the Board's action will be mitigated in the same manner as is the 
disposal of other toxic wastes. 

Comment 2: Southern California Edison has expressed concerns that some of the 
toxic metals from catalysts that may be used in the SCR process can be released 
into the environment. 

Response: The Board has received no evidence which demonstrates that catalysts 
which are used in the SCR process, as applied to oil or gas fired units to comply 
with Rules 1135.l and 59.l, would result in significant increases in emissions 
of vanadium (V) or other potentially toxic metals from power plants. 

Vanadium is a natural constituent of crude oil and is also contained in signifi­
cant amounts in the (refined) residual oil burned in power plants in the South 
Coast Air Basin and Ventura County. (6) Thus, at the present time, combustion 
of fuel oil in the South Coast Air Basin and Ventura County is believed to result 
in significant release of vanadium into the environment. Based on data provided
by SCE (6), and assuming 50 million barrels of oil per year burned in 
power plants (the minimum amount of oil burned by all utilities in an~ recent 
year), vanadium emissions are estimated to be about 120 tons per year at the 
present time, i.e. absent further controls. 

2. Depending upon the specific composition of the catalyst selected, 
"spent" catalyst may or may not be classified as a hazardous waste. 

3. 50 xy!~~BBLS x 32~B~bs x 15 x 10
6 

lbs V ton 120 tons V 
lb fuel oil x 2000 lbs= yr 

If this amount of vanadium is expressed as V205, an oxidized form, the 
amount of V205 is 

120 tons V x 182 tons Vz05 = 
year 51. tons of V 429 tons V2D5/yr. 
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The Board is not aware of any other source of vanadium emissions, due to fuel 
burning, SCR, or any other source, which is larger than the above current 
emissions from power plants. Furthermore, the Board is not aware of any data 
which show that the retrofit of SCR to an oil or gas fired power plant would 
result in significantly increased emissions of vanadium or other components of 
the catalyst. To the contrary, available information from Japan indicates good 
catalyst performance over long periods (in excess of 2 years), suggesting that 
vanadium, the principal active co~ponent in the catalvst bed. remains essentiallv 
intact and continues to perform at, or near, full design efficiency. (3) Vanadi~m or 
vanadium compounds could potentially present risks as toxic compounds at elevated 
levels of human exposure; however, such compounds have not been identified as high 
priority toxic compounds at the present time, (9, 10} and evi.dence received bv the Board 
does not support the concern that Rules 1135.1 and 59.1 would result in sign'ificant 
environmental impacts. If vanadium or vanadium compounds are identified as a 
significant threat or potential threat to human health or the environment at some 
future time, such compound(s) would be regulated tn accordance with the statewide 
programs to control airborne toxic substances, including existtng and future ARB 
and local district programs. 

Comment 3: Southern California Edison has raised concerns that nitrosamines can 
be formed as a result of ammonia injection in flue gases for Thermal DeNOx and 
SCR processes. 

Response: Representatives of SCE testified that with a model system using a 
propane/air flame, they have found a potential for formation of nitrosamines when 
ammonia is injected in the flue gases. Subsequent testimony by SCE 
indicated that the company's concerns regarding the formation of nitrosamines was 
based on injection of ammonia in a propane enriched flame. However, this situation 
would occur only during a boiler upset condition. It is standard operating 
practice at the present time to avoid any such possible upsets in order to ensure 
system safety and reliability. Consequently, since the utility boilers are care­
fully operated with excess air and are not fuel enriched, the hydrocarbon radical 
(essential to the formation of nitrosamines) would be completely oxidized and would 
not be available for the formation of nitrosamines in the presence of ammonia. 
Thus, no nitrosamines are expected to be formed if ammonia is injected in a normal 
operating mode of an electric utility boiler. Mitigation of possible impacts 
during boiler upset conditions consists of the utilities continuing current 
standard operating practices to avoid unsafe fuel-rich operation of a boiler. 

Comment 4: LADWP has raised concerns regarding ammonia breakthrough to the 
atmosphere as a result of its injection in the noncatalytic and catalytic 
deN0x methods. 

Response: As explained in the introduction, ammonia (NH3 ) is injected in the 
flue gases to reduce N0x emissions through chemical reactions leading to the 
formation of harmless materials. Ideally, a stoichiometric (chemically correct) 
amount of NH3 can be used to reduce 100 percent of the N0x to harmless molecular 
nitrogen and water vapor, with no ammonia breakthrough. However, in practice, 
the stoichiometric NH 3:N0 mole ratio of 1:1, in the presence of a catalyst, will 
typically reduce N0x emissions by 90 percent with a residual NH 3 concentration of 
less than 10 parts per million (ppm). (1) In processes which reduce N0x without 
use of a catalyst, higher NH 3:N0 mole ratios may be required for less than 90 
percent reduction, resulting in slightly higher residual NH 3. 
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This residual NH1 is commonly known as "NH1 slip", "breakthrough", "carryover", 
or "release". Triis ammonia breakthrough g minimized by optimizing the design
and operation of the catalytic and noncatalytic deNOx processes, as illustrated 
by the attached Figure 2. The attached figure shows that an SCR system, when 
operated for 90 percent NOx removal efficiency, is expected to result in NH3breakthrough in the range of 5-10 ppm in stack gases. However, SCR systems 
which are designed and operated for 80 percent NOx removal efficiency are 
expected to result in stack gas concentrations of less than 5 ppm of NH3 carry­
over. As discussed in the ARB Staff Report of September 19, 1980 (7), ground level 
NH 

3 
concentrations at the point of maximum plume impact would be expected to 

be 1/1000 of the stack concentrations, resulting in ground level NH 3 concen­
trations below natural background levels and far below the level of any adverse 
health impacts which have been identified. 

Because optimum operation of an SCR system to reduce NH breakthrough would also 
minimize the consumption of NH

3 
and the deposition of N~1-based reaction products 

on components such as air preheaters, system design and Operation to minimize NH 3 carryover is also in the economic interest of the system owner/operat0r, as this 
would minimize operating and maintenance expenditures. Thus, any remaining impact 
of NH 

3 
breakthrough would be fully mitigated by the utilities by system design 

and operation to minimize NH 3 emissions. 

Comment 5: LADWP has expressed concerns that SCR systems promote the oxidation 
of sulfur dioxide (S02) to sulfur trioxide (S03) and that therefore the total 
sulfate concentration in the flue gas would be increased by the orooosed rules. 
Furthermore, LADWP believes that increased sulfate emissions may' adversely affect 
our ability to attain and maintain applicable ambient air quality standards and 
the public health and welfare which these standards are designed to protect. 

Response: As explained in the introduction, SCR systems are used to facilitate 
NOx emission control. In addition to the two chemical reactions that convert 
_t!OxtQ_Nz and H29 ( see introduction), a third reaction a1so occurs, s imultaneoys ly. 
This thircl reaction is the oxidation of sulfur dioxide, a compound produced i:lu~l'i-R9---
the combusion of any fuel containin~ sulfur, to sulfur trioxide, anrl can he I 

expressed as follows: 

2 S02 + 02 ~ 2 S03 (3) 

In the absence of an SCR system, this reaction will occur naturally i.n the atmos­
phere, but at a slower rate. Because of the corrosive nature of S03 and its potential 
to combine with NH3 to form ammonium sulfates and other potentially condensib1e 
compounds most of the process vendors have improved their catalysts to minimize 
the conversion of so2 to so3. SCR systems which a.re currently in use convert ~rom 
1.5 to 2.5 percent or higher of so2 .to. so3 (1) whe.re.as.. new catalys.ts ...are.develo.!Ped 
and_tested to suppress ~o~v~rs1?n to less than one-half perce~t.of th~ S02 to sp3. (4)
As rn the case of the min1m1 zatrnn of NH3 breakthrough, tne mrn1mtzat1 on of S03
formation is also in the economic interest of uttltt1es, since it would minimizle 

1 

maintenance costs. Consequently, utilities can design SCR systems ustng catalyjsts 
which minimize so3 formation to substantially mittgate any potential adverse 
impacts of SCR on sulfate emissions. 

https://perce~t.of
https://catalys.ts
https://whe.re.as
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Figure 2 
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Comment 6: LADWP has expressed concerns that the use of enough ammonia to eff~ct 
a 90 percent NOx emission removal could result in the formation of ammonium 
sulfate ((NH4)7so4) and ammonium bisulfate (NH4HS04) deposits which could foul1 
the air preheater. Furthermore, LADWP believes that aerosols of these compoun~s 
could cause environmental problems, and their presence in the stack plume may 
cause opacity problems due to the presence of condensed particles. 

Response: The formation of ammonium sulfate and ammonium bisulfate depends upQn 
the concentrations of NH3 and so3 in flue gas and also on the temperature of t~e 
flue gas. Ammonium bisurfate is formed as a result of the reaction between NH,~ 
so3, and water vapor as described in the following reaction: 

NH3 (gas)+ S03 (gas)+ H20 (gas)--► NH4Hso4 (liquid) 

• 
In the presence of excess ammonia, ammonium bi sulfate may further react to form[
al'll11oni um sulfate (solid) as foll 01•1s: 

NH4Hso4 (liquid)+ NH3 (gas)~ (NH4)2so4 (solid) 

The conditions under which these compounds will be formed are shown in Figure 3. 

As can be seen in Figure 3, actions which reduce both NH1 carryover concentra ions 
and SO concentrations (as discussed in the responses to comments 4 and 5) will 
also r~sult in lower temperatures of formation of ammonia-sulfur compounds, an 
thus would be expected to reduce the formation of such compounds. As discusse 
above, these actions, both individually and collectively, are expected to redu e 
potential operating and maintenance costs to the utilities. Therefore, mini­
mization of NH3 carryover concentrations and S03 concentrations are available 
mitigation actfons which are expected to be fully implemented by the utilities 
and are in the economic interests of the utilities. 

With regard to potential opacity problem~ of the more than seventy commercial 
installations operating with SCR in Japan (7), the Board is unaware of any
data noting opacity problems on any of these units. Furthermore, opacity (the 
darkness and visibility of stack emissions) is regulated by state law (Health 
and Safety Code Section 41701) and local air pollution control district regu­
lations, and any adverse impacts will have to be mitigated by the utilities pu suant 
to these requirements. 

Comment 7: LADWP has expressed concerns that ammonium sulfates formed as a 
result of the SCR process may produce deposits on the air preheater and force 
more frequent washings than would otherwise occur. An air preheater wash will 
create a large volume of waste water for disposal. LADWP estimates that depen ing 
upon the washing period, the additional waste water may range from 300,000 to 
1,000,000 gallons and is concerned about the potential adverse environmental 
impact of disposal of such waste water. (LADWP did not specify whether the 
additional waste water use was projected on an annual basis or for some other 
time period.) 
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Figure 3 
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Response: The LADWP estimate apparently applies to an annua~ ~eneration rate fr 
waste water under the assumption that Jl of its units, compr1s1ng 2593 MW, w?ul 
be required to install SCR units designed for 90 percent NOx removal. The '.,~al 
version of Rules 1135.l and 59.l requires that only l units of LADWP, compr1s1ng 
912 MW, would be required to be retrofit with SCR designed for 80 percent NOx 
removal. Consequently, the actual quantities of additional wast~ water generated 
due to the adopted rules will be significantly less than ~hat est,mat~d by LADWP. 
Furthermore, as explained above, the poten~ial for form~t,?n of ammon1um_c?m~ounds 
can be minimized by techniques which are ,n the economic interest o'. ut1l1t1es 
and which minimize NH breakthrough emissions as well as the conversion of S023to so3. 

In addition, because air preheaters are periodically washed at the present tim 
(without SCR installed), any ad.ditional waste water generated wo~ld be treatedJ· 
and disposed of in a manner similar to that currently used, and ,n accordance ,th 
requirements imposed by the State and Regional Water Quality Control Boards. , 

• 
1 

Accordingly, any potential adverse environmental effects due to additional 
waste water disposal would thus be mitigated in accordance with regulations 
of those agencies having jurisdiction over water quality. 

Comment 8: SCE expressed concerns regarding potential hazards of ammonia stora e, 
handling, and transport and the possibility of accidental releases of ammonia. 
LADWP also expressed concerns regarding storage of ammonia. 

Response: In order to evaluate the potential hazards of ammonia storage, handl 'ng 
and transportation, the ammonia-related hazardous4materials incidents have been 
compared to all the hazardous materials incidents in the U.S. in 1978. In 
addition, the amount of NH 3 required as a result of Rules 1135.l and 59.l is sm 11 
compared with national statistics for ammonia shipments. 

Table l compares ammonia related incidents with all hazardous materials inciden s 
in the U.S. in 1978. As shown in this table, shipment of about 9 million tons 
of ammonia in 1978 resulted in spillage of about 188 tons (0.002%) in 95 incide ts. 
These incidents resulted in 2 deaths, 58 injuries, and $98,000 in damages. By 
comparison, all hazardous materials incidents, totalling 17,750 in 1978 resulte 
in 46 deaths, 1072 injuries, and $16 million in damage. Table l also compares 
ammonia requirements of Rules 1135.l and 59.l with national average shipments ad 
data on incidents. These data suggest a relatively low probability of incidents 
with relatively very low or negligible expected impacts. 

Table 2 shows that the mean mortality index for ammonia is 0.02 as compared to 
the mean mortality index of hydrocarbons which ranges from 0.1-0.6. These data1 
indicate that ammonia, which is commonly used in many household, commercial andl 
industrial cleaning applications and which is used in agriculture in significant 

I 
' 

4. A hazardous materials incident is defined in 49 CFR 171.15 (1977) 
according to criteria established by the U.S. Department of Transportation.
Basically, these criteria include: accidental deaths or injuries, property 
in excess of $50,000, or other specified damages. 
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TABLE l 

ANHYDROUS AMMONIA STATISTICS 

Total amounts of shipments of anhydrous ammonia in the U.S. in 1978 

Total amount spilled of those shipments in the U.S. in 1978 

Statistics of the 17,750 incidents* in 1978 in the U.S. Deaths 
Injuries 
Damages 

-

8. 7 mill ion tons 

188 tons 

46 
1072 

$16 mill ion 

Statistics of the 95 incidents involving anhydrous ammonia in Deaths 
1978 in the U.S. Injuries 

Damages 

Total amount of anhydrous ammonia used by agriculture in the U.S. in 1978 

2 
58 

$98,000 

4.5 million tons 

ITotal amount of anhydrous ammonia required to comply with the Rules 
~ 

~15,000 tons per year 
I 

*An incident is as defined in 49 CFR 171.15 (1977). 

Source: U.S. Department of Transportation, National Fertilizer Association and ARB/SSCD 
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TABLE 2 

ESTIMATE OF MEAN MORTALITY INDEX OF AMMONIA 
AND ITS COMPARISON WITH OTHER GASES 

QUANTITY 
LOCATION DATE AREA[SITE SOURCE OF LEAKAGE METRIC TON NUMBER OF FATALITIES 
Floral , Ark. June 5, 1971 Rural Pipeline 600 tons 0 
Enid, Oklahoma May 7, 1976 Urban Pipeline 500 0 
Conway, Kansas December 6, 1973 Rural Pipeline 277 0 
Landskrona, January 16, 1976 Port Ship-storage 180 2 

Sweden connection 
Blair, Nebraska November 15, 1970 Rural Storage tank 160 0 
Crete, Nebraska February 18, 1969 Urban Rail tanker 90 9 
Belle, West Va. January 21 , 1970 Urban Rail tanker 75 0 
Texas, Tx City September 13, 1975 Urban Pipeline 50 0 
Potschefstroom, July 13, 1973 Urban Storage tank 38 rn+ 

South Africa 
Houston, Texas November 15, 1976 Urban Road tanker 19 6 
Lievin, France August 21, 1968 Urban Road tanker 19 6 

I 
......0 

N 
I 

Mean mortality index= total number fatalities 
total amount lost 

= 41 
2008 

= 0.02 
+Without this incident the mean mortality index= 0.01 
Mean mortality index of chlorine= 0.3 

11 11 11 of flammable gases or vapor = 0. l -0. 6 
11 11 11 of Ammonium Nitrate= 0.1 

Source: A report on Major Hazards by Advisors Committee, Health and Safety
Cornnission, Great Britain, 1979. 

" 
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quantities, is not particularly dangerous when handled with proper caution. 
Accordingly, mitigation measures expected to be taken by utilities to ensure 
minimization of potential hazards due to ammonia spillage, which would consist 
of implementation of standard safe operating practices for potentially hazardou 
materials, are expected to reduce potential hazards to very low or negligible 
levels. 

Comment 9: LADWP, in its written testimony, expressed concerns regarding 
formation of hydrogen cyanide (HCN) by ammonia injection. 

Response: Brown and Sawyer were not able to detect either HCN or other nitro­
genous species (other than NOx, NH1 , or N2) in the stack gas from a laboratory 
combustor burning No. l diesel doped with pyridine.. (Quarterly Pr9gress ~eport
for ARB Contract AS-146-31 for l May - l July 1980). ~ased upon m1n1mum aetect 
limits associated with the various analyti cal procedures used, Brown and Saw.ver 

on 

estimated conservative upper limit concentration values of 5 ppm for all 
nitrogenous species (other than NOx, NH3, and N2) and l ppm for HCN in the 
laboratory combustor stack gas. 

These data, taken along with SCE's and ARB's tracer studi~s, whi~§ show that 
emissions from tall stacks are diluted by a factor of 10 to 10 (7),
show that the maximum surface level concentration of all nitrogenous species 
(other than NOx, NH3, and N2) is in the range of 5 to 500 parts per trillion 
and l to 100 parts Qer trillion for HCN, and may be substantially less. 

A threshold limit value (TLV) of 10 parts per million has been designated for 
hydrogen cyanide (HCN), according to Multimedia Environmental Goals for 
Environmental Assessment, Volume 11, MEG Charts and Background Information, 
J.G. Cleland and G.L. Kingsbury, November, 1977; EPA-600/7-77-l36b. The ambient 
level goal recommended in that same work is 24 parts per billion, based on health 
effects. Documentation of the Threshold Limit Values for Substances in Work lace 
Air, (American Conference of Governmental Industrial Hygienists, Third Edition 1971), 
shows that the TLV of 10 parts per million "contains a two-fold margin of safet 
against mild symptoms of HCN response." 

Thus, according to the test data, the highest ambient concentration expected wold 
be a factor of more than 200 below EPA recommended environmental goals for the 
atmosphere. 

Comment 10: SCE expressed concern that the Board's action would exacerbate ozo e 
and oxidant air quality problems in the South Coast Air Basin. 

Response: This concern is dealt with at length in the Board's Findings and 
Basis for decision, which is incorporated by reference herein. 

CERTIFIED: ~ ~ 
Sa11y Rump 
Board Secretary 
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Alternatives 

-here are five basic alternatives which the Board could adopt in reconsidering 
SCAQMD Rule 1135.l and VCAPCD Rule 59.l. Following are descriptions and dis­
cussions of these alternatives. 

Alternative l: Take no action; that is, the "no project" alternative. This 
alternative would, in effect, reaffirm the versions of SCAQMD Rule 1135.l and 
VCAPCD Rule 59.l, currently stayed, both of which the Board adopted on 
March 27, 1980. This alternative would neither prevent nor mitigate the 
environmental and other concerns raised by the petitioner, SCE, and LADWP, 
the intervenor. It is with regard to the existing versions of these two 
rules that the environmental questions have been raised. 

Alternative 2: Rescind SCAQMD Rule 1135.l and VCAPCD 59.1. Under this 
alternative, further Nox em1ss1on reduct1ons wou. Id no.t be.. req.uired, and power
plants would continue to be subject to the control prescribed by SCAQMD Rule 464 
(125-225 ppm for gas-fired units and 225-325 ppm for oil-fired units) and by a 

A comparable VCAPCD rule. Although this alternative wo.uld .el.imin.ate the concerns w raised by SCE and LADWP, it would forego emission reductions of almost 60 tons 
per day of NOx by 1990. Currently, NOx emissions from stationary sources tn the 
South Coast Air Shed are slightly over 450 tons per day. The nonattainment area 
plans for the South Coast Air Basin and the Ventura County Air Pollution Control 
District rely on these emission reductions to attain and maintain the national · 

1 

amb·i·ent air.. quality standard. s for nitrog_en dioxide and suspended par.ticulate m~tter. 
and, in the case of Ventura, for ozone as well. Also, such reductions in the 
emissions of NOx are necessary if the state ambient air quality standards for 

-itrogen dioxide, suspended particulate matter, and visibility are to be attained 
and maintained. If those standards are not attained and maintained, the adverse 
effects on the public health and welfare that t~e standards are intended to preven~
will not be prevented. i 

Because the federal Clean Air Act and the California Health and Safety Code requir~ 
that the. ambient air quality standards be attained and maintained in order to 
protect public health and welfare, withdrawal of Rules 1135.l and 59.l would 

.equire that new measures be adopted to effect equivalent reductions from other 
sources. That is, NOx control measures would have to be adopted for sources for 
which control methods have not yet been identified, or for which controls cost 
more for each pound of NOx reduction than those required by Rules 1135.l and 59.1. 
Since all of the significant adverse environmental effects expected to result 
from the proposal can be mitigated, the benefit of achieving the 60 tons per day
NOx emission reductions by controlling power plants is preferable to controlling 
other sources at this time because control of other sources may be accompanied
by unknown environmental impacts. 

If other, more costly or unidentified rules were not quickly adopted, this alter­
native would be inconsistent with state and federal laws, and would result in 
pollutant concentrations in the South Coast Air Shed which would be detrimental 
to the public health and welfare. This alternative is therefore infeasible, with 
significant adverse impacts on the environment: 

Alternative 3: _._A111e11cl ~u les 11.35. l _ancl 59. l to be l e??_~:!=..r-.1119.e_nt_. Concerns raise 
-by SCE and LADWP (such as increased environmenta'l'"biirdens of heavy metals from 

catalysts and emissions of ammonia) could be partially mitigated by making the 
existing rules less stringent. Although this alternative would still provide 
some cost-effective reductions in emissions of NOx, these emission reductions 
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would be less than the reductions that would result from the current rules. 
a.Therefore, the same problems discussed under Alternative 2 would apply, albeit to 
Wa lesser degree, to this alternative. Overall, the air quality benefit expected

by implementation of the rules would be lost while the adverse impacts of the 
rules would not be commensurably reduced. This is especially true since all such 
impacts can be mitigated without loss of environmental benefits, or have been 
found not to be a problem. 

Alternative 4: Rescind Rules 1135.l and 59.l and restore the South Coast Air 
Quality Management District's original Rule 475.l. This rule required a 90 perce t 
reduction in emissions from every unit, a far more costly alternative since the 
utilities would not have the flexibility of selecting units to be controlled. This 
alternative would undoubtedly be unacceptable to SCE and LADWP because they petitioned 
the Board to set this rule aside in 1978. After hearing testimony on the rule, t~e 
Board found the rule to be inconsistent with Division 26 of the Heal.th and Safety Code 
for several reasons and amended the rule on August 7, 1978. The Board found at tat 
time that the rule imposed an unreasonable financial and engineering burden on th 
affected utilities and did not require best available technological and administr tive 

a practices. Nothing has changed in the interim to affect these findings; as .a 
W result, adoption of this alternative would result in a rule which would be in 

conflict with the Hea1th and Safety Code. Furthermore, this a 1 terna.ti ve would 
exacerbate the environmental concerns raised by the two utilities. While from an 
air quality point of view this rule would achieve greater NOx reductions than the 
proposal, economic impacts of this alternative would render its application infea 

It also should be noted that the Ventura County Air Pollution Control District di not 
~dopt a rule to control NOx emissions from power pla.nts simila.r to Rule 475. l adopted
w,uY the SCAQMD. Therefore, for consistency, the Board would have to consider adop~ing 

a similar rule for the VCAPCD. I 

Alternative 5: Amend Rules 1135. l and 59. l as proposed. 

CONCLUSION

ehe Board finds that Alternative 5 is the most desirable of the alternatives listsd. 

Alternative 5 offers the potential of reducing emissions of NOx in the South 
Coast Air Shed by an amount nearly equivalent to the reductions that would result 
from the current versions of Rules 1135.l and 59.l, while effectively lessening
the significant environmental concerns raised by SCE and LADWP. This conclusion 
is based on the following: 

1. The requirements of the amended Rules are clear, easily understood, and not 
subject to uncertainty. 

2. The amended Rules require the utilities to install controls only on units 
that are certain to be in use as base-load units through 1990, and units 
which will have high capacity factors under 2-!!Y realistic oil and gas
reduction scenario likely to occur. 

3. The emission reductions resulting from implementing the amended Rules are 
needed to attain and maintain the state and national ambient air quality 
standards for nitrogen dioxide and total suspended particulate matter in 
the South Coast Air Basin, and for nftrogen dioxide, total si.ispended particu­
late matter, and ozone in the Ventura County Air Pollution Control District. 
These reductions are also needed to attain and maintain the state visibility
standard. 

https://terna.ti
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Compliance with the amended rules can be achieved through installation 
of SCR on a limited number of units. 

In addition, weakening of the rules would only partially mitigate the environmenta1l 
concerns raised, while creating new, more serious concerns (e.g., increases in NOxl 
emissions or NH3). Most of the environmental concerns raised have been determined 
not to pose significant problems. Further, all legitimate concerns can be mitigat d. 
The mitigation measures identified are either within the jurisdiction of other 
agencies, which are currently regulating the subject utilities, or are within the 
direct control of the utilities that raised the concerns. Further, the utilities 
have an economic interest in assuring that the measures are carried out. Finally,
for the reasons identified in items l through 4 above, Alternative 5 will result 
in fewer potential adverse environmental impacts compared to Alternative l, the 
no action alternative. 
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State of California 
AIR RESOURCES BOARD 

Public i-:earing to Reconsider Rule 1135.l of the South Coast Air Quality 
Manager:e:it District and Rule 59.1 of the Ventura County Air Pollution Contra~ 

! 

District Controlling Emissions of Oxides of Nitrogen from Power Plants l 
I 
I 

ft.RB Compliance with the Cal iforn'ia Environmental Quality Act (CEQA) 

The following discussion is intended to explain how the ARB assures that any 
possible a~verse environmental effects of its proposed actions will be identffied 
and mitigated. As an environmental protection agency, the ARB is not required 
to prepare an Environmental Impact Report (EIR) on this project, but other w~itten 
docu1"entation prepared by the agency must describe the proposed activity wit~ 
alternatives to the activity and mitigation measures to minimize any signifitant 
adverse environmental impact. Further, regulations adopted by the ARB requite 
that the action wi 11 not be adopted by the Board as proposed if there are ! 

feasible alternatives or feasible mitigation measures which would substantially
lessen any significant adverse impact of the activity on the environment. A~B 
regulations also require that prior to taking final action, the Board must rfspond 
in writing to significant environmental points raised during the evaluation I 
process. Finally, CEQA requires that the ARB not adopt the activity for whi~h 
significant adverse effects have been identified unless one or more of the 
following findings are made: 

l. That changes have been incorporated into the project which mitigate 
the significant environmental impacts. 

2. That such mitigation measures are within the responsibility and 
jurisdiction of another public agency and have been (or can and 
should be) adopted by such other agency. 

3. Th3t specific economic, social, or other considerations make the 
mitigation measures or alternatives infeasible. 

Consequently, the ARB staff report discusses several possible environmental 
impacts of the proposed rule. Several other concerns were raised during the! 
hearing process. These are identified and discussed in the following sectio~. 
In addition, mitigation measures which could minimize any impacts found to be 
significant are examined, as are alternatives to the proposed action. In th,s 
case, since the proposal is the amendment of certain rules already in existc~ce, 
the "no project'' alternative is for the Board to take no action and to leavel 
the current rules in place. Other alternatives discussed are the repeal of the 
subject rules in their entirety, amending the rules to be less stringent, anf 
restoring the Districts' original Rules. :I 

~ I 
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• The Board, pcior to taking final action, has adopted the attached cesponL 
to significant environmenta·1 issues. Further, in adopting the activity 
itself, the Board, in its resolution, has made findings relating to each 
significant environmental issue raised, either incorporating feasible 
mitigation measures and alternatives into the rules, indicating that 
other agencies are responsible for mitigat'ion of these effects, or 
indicating the factors which prevent the imposition of rnitigation measur~s 
or alterna ti ves. If future experience revea1 s adverse environmental ~ 
impacts not reasonably anticipated, corrective action can he taken by thi 
Air Resources Board or other appropriate agency (e.g., the local air 
pollution control districts v1hich will be implementing any adopted rule) 
to mitigate such effects. · 

i 



. ' 

State of California 
AIR RESOURCES BOARD 

Response to Significant Environmental Issues 

Item: Public Hearing to Reconsider Rule 1135.l of the South Coast Air 
Quality Management District and Rule 59.l of the Ventura County 
Air Pollution Control District Controlling Emissions of Oxides 
of Nitrogen from Power Plants 

Public Hearing Dates: November 5, 6, 13, and December 2, 3, 18, 1980 

Response Date: December 18, 1980 

Issuing Authority: Air Resources Board 

Introduction: Southern California Edison (SCE)and the Los Angeles Department 
of Hater and Power (LADWP) have raised several concerns 1-1hi ch they be1 i eve were 
not adequately addressed by the Air Resources Board (ARB) staff in the 
September 1980 report. Since the discussion of many of the issues raised by 
the utilities assumes an understanding of tl1e selective catalytic reduction (SCR) 

1 process, it is appropriate to explain briefly the operation and performance of~ 
the process involved. 

The utilities are bein~ required to reduce NOx emissions on some of their stea,
generating boilers by 80 percent. This requirement will probably be satisfied by

1 

retrofitting utility boilers w'ith the selective catalytic reduction (SCR) system to 
control oxides of nitrogen (NOx) emissions. The technology takes advantage ofithe 
preferential reaction of ammonia (NH3) with NOx rather than with other flue gas 
constituents. Since oxygen (02) enhances the reduction, the reaction can be b~st 
expressed as 

4NH3 + 4NO + o2 ~ 4N2 + 6H2o (1) 

(2) l' 
Equation l represents the predominate reaction since approximately 95 percent 
of the NOx in combustion flue gas is in the form of nitric oxide (NO). Theref re, 
under ideal conditions a stoichiometric amount of NH~ can be used to reduce N~x 
to harmless molecular nitrogen (N2) and 1•1ater vapor (F120). ! 

In practice, an MH3:NQ mole ratio of about 1:1 has tyricall,y reduced NO erriissJons 
by 90 perce·nt l'lith a residual NH3 concentration (also called "arnrnonia breakthr9ugh") 
of less than 10 ppm. (l)* · 

I

The SCR process requires other auxi1iary equipment such as a reactor, a cataly~t. 
ammonia storage facilities and ammonia injection systems. 

The optimum temperature for the NOx reduction reaction without a catalyst is 
about 1aoo°F. However, the catalyst effectively reduces the optimum react1on 
temperature to approxir.iately 600°F to Bso°F. · 

- *See reference list page 14. 
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Catalysts may be made with different chemical compounds; those \·tith vanadium (V) 
compounds were found to promote the reduction of NOx with NH~ and to be unaff~cted 
by the presence of sulfur oxides (SOx), another exhaust gas component which could 

1interfere 1-1ith the desirable reaction. (2) • 

I 

Titanium dioxide (Ti02) was found to be an acceptable carrier, since it is 1 

resistant to attack fr·om S03. (2) Therefore, many SOx resistant catalysts 
are based on Ti02 and vanad1um pentoxide (V2o ).5 
The life of the catalyst depends upon the type of flue gases it is being used I to 
treat. The catalysts to be used on power plants in the South Coast Air Basini should 
last for 2 years or longer. (3) Also, because of oil firing, catalysts will be 
most likely of the parallel flow type. It may have one of many shapes such ai 
parallel plate, parallel tube or honeycomb type. It may be made of ceramic m~terial 
such as Ti02 or metal. 

',

The catalyst may be of homogenous or of coated variety. In essence, the typelof 
the catalyst to be used in the power plant depends upon the user and the proc¢ss 
vendor. Figure l shows as an example of how, typically, a honeycomb type catalyst 
would be pl aced in a reactor. When the catalyst 1 oses its reactivity• it is 
replaced. 

! 

i 

The above explanation briefly summarizes the control methods that ~ill likelyJbe
employea to retrofit the utility boilers to comply with Rules 113~.1 and ~9.1. 
Th2 discussion that fo 11 m~s addresses the concerns raised by SCE and LADWP an 
the Board's response to those concerns. · 

fc.!~:i_-'.ent~: The LAD\}P has expressed concerns that disposal of spent catalyst n 
an environmentally sound manner is an unresolved problem and that because of the 
presence of vanadium in the catalyst, special disposal or reclamation methods will 
be required . 

.B._~2_n_se: The application of selective catalytic reduction to a tot.al of 443~ MW 
of pm·1er plant capacity, as required to fully comply with Rules 1135.1 an1 59)1, 
is expected to result in the use of about 1100 tons of catalyst per year. T~e 
exact type an·d composition of catalyst \~ould depend on the process vendor and !the 
user, but typically a parallel flow, honeycomb type catalyst vtould contain v2o5anrl titanium dioxide (Ti02). i 

1 .. This estimate follows from a total generating capacity 
required to be controlled of 4432 megawatts (MW) and SCE's estima!e 
(4) that control of its units larger than 175 M~l (total of 24 units I 

having 7720 MW) would require 1860 tons per year of catalyst, assuming a N,o 
year catalyst life: 

4432 r•M x 1860 tons of catalyst/yr = 1068, tons catalyst/yr
7720 M\~ 

Based on commercial operating experience to date o~ SCR installations in J~pan 
in which catalyst deterioration has not been significant (3) catalyst 
lifetimes are expected to equal or exceed 2·years with : 
fuel oil firing and 3 years with natural gas firing. Requirements for cat,lyst 
are inversely related to catalyst lifetime, hence a catalyst lifetime of 3 years 
corresponds to a catalyst requirement of about 712 tons per year. 



I- HiUP.l:. I 

C,italyst layer 

£.'<;:u:iple of a fixed bed reactor with honeycomb type catalyst; 
(Ishik:.twaj il:m-Harirna Heavy Industries; sizes arc in r.:.i). 

Source: J. Anc!o. 11Qx Attachment for Stdtionar~, Sources in Japan. 
August 1979. 
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Dep2nding u~on the specific type and material of the catalyst selected, valuatile 
cc,"pon2r,ts nay be recovered for reuse, just as used or "spent" automotive 
exhaust catalysts and refinery process catalysts are normally amenable to recovery 
or reprocessing prior to disposal. To the extent that spent catalyst cannot ~e 
recovered, and constitutes a potentially hazardous waste2, treatment and/or
disposal at a Class I or Class II-1 (hazardous waste) disposal site may be 

1 

requfred. In such a worst case, the increment of potential hazardous 1·1aste i 

generation due to Rules 1135.1 and 59.1 would be about 1100 tons per year, as i 
co~pared with the current rate of generation of hazardous wastes in Californi~ of 
approximately 11,000,000 tons per year (5). Thus, full implementation i 

of Rules 1135.l and 59.1 is not expected to increase the production of potent~ally 
hazardous ,1aste in California by more than about 0.01 percent, even in the wor1st 
case. ! 

i 
I 

Mitigation of the above increments of hazardous waste disposal is accomplished by 
regulation of liquid and solid hazardous waste disposal in California by the ~tate 
Water Resources Control Board (and Regional Boards), the Department of Health i 

Services, and the So1id i~as te Management Board. Through a sys tern of hazardous 
waste generation reporting by the industry, and regulation by the above agendes 
to ensure environmentally sound disposal, the problem of hazardous waste dispdsal 
associated with the Board's action will be mitigated in the same manner as is !the 
disposal of other toxic wastes. i 

I 

Co~ment 2: Southern California Edison has expressed concerns that some of thd 
to:dc r.ietals from catalysts that may be used in the SCR process can be releasd<l 
into the environment. , 

i 

Response: The Board has received no evidence which demonstrates that catalys~s 
which are used in the SCR process, as applied to oil or gas fired units to comply 
with Rules 1135.l and 59.1, would result in significant increases in emissions 
of vanadiu,,1 (V) or other potentially toxic metals from power plants. 

I 
Vanadium is a natural constituent of crude oil and is also contained in signifli-
cant amounts in the (refined) residual oil burned in power plants in the SoutH 
Coast fdr Basin and Ventura County. (6) Thus, at the present time, combustijon 
of fuel oil in the South Coast Air Basin and Ventura County is believed to reQult 
in significant release of vanadium into the environment. Based on data provided 
by SCE (6), and assuming 50 million barrels of oil per year burned in · 
p01.·12r plants (the minimum amount of oil burned by all utilities in an~ recent 
y,0 i!r), var11diu;n emissions are estimated to be about 120 tons per year at the 
present tiG>e, i.e. ~1bse~t further controls. 

2. Deperding upon the specific composition of the catalyst selected, 
"spent" catalyst may or may not be classified as a hazardous waste. 

3. lbs x 15 x 106 lbs V ton 120 tons V50 xy:~:BBLS x 320 
BBL lb fuel oil x 2000 lbs= yr 

If this amount of vanadium is expressed as V205, an oxidized form, the 
amount of V205 is 

120 tons V x 182 tons VzOs = tons v o~iyr.429year 51 tons of V 2 .., 



The flo.:ird is not aware of any other source of vanadium emissions, due to fuel 
burning, SCR, or any other source, 1-ihich is larger than the above current 
en1issions from power plants. Furthermore, the Board is not aware of any data i 
1'lhich sho\'I that the retrofit of SCR to an oil or gas fired power plant would ! 

result in signifisantly increased emissions of vanadium or other components of/ 
the catalyst. To the contrary, available information from Japan indicates good 
catalyst performance over long periods (in excess of 2 years), suggesting thati 
vanadiuf'l, the rrinci!)al active co:-:iponent in the catalvst bed. remains essentiallv 
intact and continues to perform at, or near, full des~gn efficiency. (3) Vana~ium or 
vanadium co:npounds could potentially present risks as toxic compounds at elevated 
levels of hui.1an exposure; ho1·1ever, such compounds have not been identified as high 
priority toxic compounds at the present time, (9, 10) and ev·idence received bv the Board 
does 1:ot support the concern that Rules 1135. l and 59. l would result in sign-if~cant 
environ~ental impacts. If vanadiu1n or vanadium compounds are identified as a i 

significant threat or potential threat to human health or the environment at ~ome 
future time, such compound(s) would be regulated in accordance with the statew,de 
programs to control airborne toxic substances, including existing and future ARB 
and local district programs. 

Comment 3: Southern California Edison has raised concerns that nitrosamines cbn 
be formed as a result of amr;ionia injection in flue gases for Thermal De:mx and 
SCR processes. 

Response: Representatives of SCE testified that with a model system using a I 

propane/air flame, they have found a potential for formation of nitrosanri nes wten 
an;monia is injected in the flue gases. Subsequent testimony by SCE 
indicated that the company's concerns regarding the formation of nitrosamines ,as 
based on injection of amnonia in a propane enriched flame. However, this situation 
would occur only during a boiler upset condition. It is standard operating 
practice at the present time to avoid any such possible upsets in order to ensure 
system safety and reliability. Consequently, since the utility boilers are ca,re­
fully operated 1~ith excess air and are not fuel enriched, the hydrocarbon radical 
(essential to the formation of nitrosamines) would be completely oxidized and would 
not be available for the formation of nitrosamines in the presence of ammonia. 
Thus, no nitrosamines are expected to be formed if ammonia is injected in a no,rmal 
operating mode of an electric utility boiler. Mitigation of possible impacts · 
during boiler upset conditions consists of the utilities continuing current 
standard operating practices to avoid unsafe fuel-rich operation of a boiler. 

Co:v:n2nt 4: Ll1DWP has raised concerns regarding ammonia breakthrough to the 
afinosphere as a result of its inj(~ction in the noncatalytic and catalytic 
deNOx methods. 

Rrsponse:. f1s explained in the introduction, ammonia (NH ) is injected in the 
flue g.:t s·es· to reduce NOx emi ss i ans throu\Jh chemi ca1 reacti ans leading to the 
formation of h.:irmless materic1ls. Ideally, a stoichiometric (chemically correct) 
a:nount of NH 3 can be used t? reduce lOO_percent of the NOx to harm!ess mol~cul,ar 
nitrogen and v;ater vapor, 1-nth no ammonia breakthrough. Ho\'/ever, in practice, 
the stoichiometric MH 3:NO mole ratio of l :1, in the presence of a catalyst, \'li,11 
typically reduce NOx emissions by 90 percent with a residual NH 3 coneen tration of 
less than 10 parts per million {ppm). (l) In processes 1-1hich reduce r:ox 1,iith!out 
use of a catalyst, higher NH3:NO mole ratios may be required for less than 90 
percent reduction, resulting in slightly higher residtlal NH3. 
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Thi~ r;:si~,:~l '\i3 _is :01,;:1?n1y knnvm as "Ni_t 3 s:il:°'~ "breakthr?u~h'_', "carryov:r., 
ct 1,,1ec:::.e . ,i11s a,,,n1onia breakthrough 1s mrn1m1zed by opt1m-izrng the des1gn 
and o?eratio11 of the catalytic and noncatalytic deNOx processes, as illustrat d 
by the at t,:.ch2cl Figure 2. The attached figure sho1-;s that an SCR system, when 
operated for 90 percent NOx removal efficiency, is expected to result in NH 
breJkthro~;h in the ra,192 of 5-10 ppm in stack gases. •1owever, SCR systems·3 

lrhich are d2;igned a11d operated for 80 percent NOx removal efficiency are 
expected to result in stack gas concentrations of less than 5 ppm of NH3 carry­
over. As discussed in ti12 ARB Staff Report of September 19, 1980 (7), ground level 
::H 3 concentrations at the point of maximum plume impact 1·1ould be expected to 
b::'l/1000 of the stack concentrations, resulting in ground level NH3 concen­
frations belcr.-1 natural background levels and filr belo11 the level of any adverse 
l12alth impacts which have been identified. 

1 

I 

Because optimum operation of an SCR system to reduce NH breakthrough would allso 
minimize the consumption of NH 3 and the deposition of N~ 3-based reaction products 
on conponents such as air preh2aters, system desiun and operatfon to minimize INH 
Ccirryover is also in the economic interest of the system owner/operat.)r, as th 

1 

is 3 

would minimize operating and maintenance expenditures. ·rhus, any remaining i~pact 
of iiH 3 breakthrough \-lould be fully mitigated by the utilities by system desig~ 
and operation to minimize tiH3 emissions. 

Cc·..~;,,nt 5: Lf,0\-/P has expressed concerns that SCR systems promote the oxidatiqn 
~f sulfur dioxide (S0 ) to sulfur trioxide (S03 ) and that therefore the total2
sulfate concentration in the flue qas 1·1ould be increased by the orooosed rules:. 
Further~ore, LADWP believes that increased sulfate emissions maj adversely aftiect 
our ability to attain and maintain applicable ambient air quality standards ar1d 
the pub1ic health and 1•1elfare which these standards are des·igned to protect. 

f-_,:'_S.f_()_Q_S_e_: As explained in the introduction, SCR systems are used to facilita~e 
r; □ x enission control. In addition to the two chemical reactions that convert i 

tiO~ to (L2, and lli? (s~e introd~cti?n). a thh·d re?ct~on also occurs, simultaneously. 
This third reacL1on 1s the ox1dat1on of sulfur d1ox1de, a compound produced during 
the co~~usion of any fuel containinq sulfur, to sulfur trioxidP, ~nd can hP 
expressed as follows: 

2 SOz + Oz -➔ 2 S03 (3) 

In the absenu: of an SCR system, this reaction 1•1ill occur naturally in the atmbs­
phere, but at a slower rate. Because of the corrosive nature of so3 and its p~tential 
to combine with NH3 to form ammonium sulfates ~nd other potentially condensible 
coi:pounds mast of the process vendors l1ave improved their catalysts to minimizr 
the conversion of S02 t? so3. SCR systems vihich are current1y in use convert lfrom 
l.5 to 2.5 pc::rcent or higher of S02 to so3 (1) wherea.s new catalysts are develp.ped 
anJ_tested to suppress ~o~v~rsi?n to less than one-half perce~t_of th~ SOz to so3. (4) 
P..s rn ~he ~cise of !he mini mna t !on. of NH3 brec1kt~r?u~h, th: min! mi za t10n ?f. S~i3
for~at1on 1s also 1n th2 economic interest of ut1l1t1cs, since 1t would m1n1rn1ie 
rr:d int,:>nance costs. Consequently, utilities can design SCR systems using catalysts 
wl1ich minimize S03 formation to substantially mitigate any potential adverse 
i~pacts of SCR on sulfate emissions. . 
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Figure 2 
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Cccr:ment 6: LADWP has expressed concerns that the use of enough ammonia to ef~ect 
-;tg6-percent N0x emission removal could result in the formation of ammonium I 

A sulfate ((NH
4

)7so
4

) ,ind ammonium bisulfate (NH4Hso4 ) deposits which could fou11 
• the air preheater. Furthermore, LADWP believes that aerosols of these compou~ds 

could cause environmental problems, and their presence in the stack plume maj 
cause opacity problems due to the presence of condensed particles. 

B~~.QQI!_S-~: The formation of ammoni~m sulfate and ammonium bisulfate depends u1pon 
the concentrations of NHJ and S03 in flue gas and al so on the temperature of ,the 
flue gas. Ammonium bisurfate is formed as a result of the reaction bet\'/een r1r3 
so , and water vapor as d2scrihed in the following reaction: ~ 

3 

NH (gas) + S03 (gas) + H2o (gas)--'➔ NH 11S04 (liquid)
3 4 I 

! 

In the presence of excess a;r.moni a, ammonium bi sulfate may further react to foihn 
afTll'lonium sulfate {solid) as folloi-1s: I 

NH HS0 (1 iquid) + 1lH (gas) ~ (NH )2so (sol id)
4 4 3 4 4 

The conditions under 1~hi ch these compounds 1~i 11 be formed are shm•m in Figure J 3. 
i 

As can be seen in Figure 3, actions 11hich reduce both Nl·L~ carryover concentrations 
and S01 conc~ntrations (as discussed in the. responses t? comments 4 and 5) ~,il!l 
a 1 so r~sult in lower tempera tu res of format 1on of arnmom a-sulfur compounds, a$d 
thus would be expected to reduce the formation of such compounds. As discuss$d 
above, these actions, both individually and collectively, are expected to redmce 
potential operating and maintenance costs to the utilities. Therefore, mini-! 
mization of NH 3 carryover concentrations and S03 concentrations are availablei 
mitigation actions vihich are expected to be ful Ty implemented by the util itie~ 
and are in the economic interests of the utilities. I 

With regard to potential opacity problems, of the more than seventy commercial I 

installations operating with SCR in Japan (7). the Board is una11are of any , 
data not"ing opacity problems on any of these units. Furthermore, opacity" (th~ 
darkness and visibility of stack emissions) is regulated by state lm-, (Healthl 
and Safety Code Section 41701) and local air pollution control district regu-! 
lations, and any adverse impacts will have to be mitigated by the utilities pµrsuant 
to these requirements. · 

Comrrent 7: LADWP has expressed concerns that ammonium sulfates formed as a 
re-suTI.-of.the SCR process may produce deposits on the air preheater and forcei 
more frequent washings than \•IOuld otherwise occur. An air preheater wash wilr 
create a large volume of waste water for disposal. LADWP estimates that depe ding 
upon the \•1ashing period, the additional \·1aste water may range from 300,000 to 
1,000,000 gallons and is concerned about the potential adverse environmental 
impact of disposal of such waste water. (LADWP did not specify whether the ; 
additional 1-,aste water use was projected on an annual basis or for some other! 
time period.) i 
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B~~ns_~: The LADWP estimate_apparently app~ies t? an annua~ 9.eneratio~, ratejfor 
v,aste water under the assumption that l!_ of 1ts un·1ts, comprising 2593 1·..-1, W?~ld 
be re~uired to install SCR units designed for 90 percent _NOx remov~l. The '.llflal 
version of Rt1les 1135.l and 59.1 requires that only l units of LAD~P. compr1sjng 
912 M'.~, would be required to be retrofit 1-1ith SCR des~g~ed for 80 percent NOxi 
removal. Consequently, the actual quantities of add1t1onal wast~ water generated 
due to the adopted rules wi 11 be s i gni fi cantly 1ess than !hat est1mat~d by LAr\·IP. 
Furthermore, as explained above, the potential for form~t1?n of ammon1um_c?m~punds 
can be m-inirnized by techniques which are in the econorn1c interest o'. ut1l1t1fS 
and which minimize NH3 breakthrough emissions as well as the conversion of SO~ 
to S03 . 

In addition, because air preheaters are periodically washed at the present ti~e 
(1,Jithout SCR installed), any ~d~itional waste water generated wo~ld be treater . 
and disposed of in a n1anner s1m1lar to that currently used, and 1n accordance1w1th 
requirements imposed by the State and Regional Water Quality Control Boards. 
Accordingly, any potential adverse environmental effects due to additional 
waste water disposal would thus be mitigated in accordance with regulations 
of those agencies having jurisdiction over water quality. 

I 

_Comment 8: SCE expressed concerns regarding potenti a1 hazards of ammonia stol!'age, 
handling, and transport and the possibility of accidental releases of ammonia! 
LADWP also expressed concerns regarding storage of ~mmonia. i 

! 

I

Respgnse: In order to evaluate the potential hazards of ammonia storage, handling 
and transportation, the ammonia-related hazardous 4materials incidents have be~n 
co:;;0ared to all the hazardous materials incidents in the U.S. in 1978. In I 
addition, the amount of NH3 required as a result of Rules 1135. l and 59.1 .is ~mall 
compared with national statistics for anmonia shipments. ! 

Table l compares ammonia related incidents viith all hazardous materials incidJnts 
in tl1e U.S. in 1978. As shown in this table, shipment of about 9 million ton~ 
of arrmonia in 1978 resulted in spillage of about 188 tons (0.002%) in 95 incidents. 
These incidents resulted in 2 deaths, 58 injuries, and $98,000 in damages. B_x 
comparison, all hazardous materials incidents, totalling 17,750 in 1978 resulied 
in 46 deaths, 1072 injuries, and $16 million in damage. Table 1 also compare~ 
ammonia requirements of Rules 1135.1 and 59.1 with national average shipments jand 
data on incidents. These data suggest a relatively low probability of incidents 
with relatively very low or n2gligible expected impacts. ! 

Table 2 shows that the mean mortality index for ammonia is 0.02 as compared td 
the r:1ean mortality index of hydrocarbons 1-1hich ranges from 0.1-0.6. These dat;a 
indiecite that ammonia, 1vhich is commonly used in many household, commercial a~d 
indastrial cleaning applications and which is used in agriculture in signific~nt 

4. A hazardous materials incident is defined in 49 CFR 171.15 (1977) 
according to criteria established by the U.S. Department of Transportation. 
Basically, these criteria include: accidental deaths or injuries, property dabiage 
in excess of $50,000, or other specified damages. 

I 
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TABLE l 

ANHYDROt:S ./\MMONIA STATISTICS 

Total amounts of shipments of anhydrous ammonia in the U.S. in 1978 8.7 million tons 

Total amount spilled of those shipments in the U.S. in 1978 188 tons 

Statistics of the 17,750 incidents* in 1978 in the U.S. Deaths 
Injuries
Damages 

-
Statistics of the 95 incidents involving anhydrous am~onia in Deaths 

1978 in the U.S. Injuries
Damages 

Total amount of anhydrous am:r.onia used by agriculture in the U.S. in 1978 

46 
1072 
$16 mi 11 ion 

2 
58 

$98,000 

4.5 million tons 

Total amount of anhydrous armnonia required to comply with the Rules·-~~----
15,000 tons per year 

*An incident is as defined in 49 CFR 171.15 (1977). 

Source: U.S. Department of Transportation, National Fertilizer Association and ARB/SSCD 
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TABLE 2 

ESTIMATE OF MEAN MORTALITY INDEX OF AMMONIA 
AND ITS COMPARISON lflTH OTHER GASES 

LOCATION DATE AREALSITE SOURCE OF LEAKAGE 
QUANTITY 
METRIC TON NUMBER OF FATA.LITIES 

Floral, Ark. June 5, 1971 Rural Pipeline 600 tons 0 
Enid, Oklahoma May 7, 1976 Urban Pipeline 500 0 

Conway, Kansas December 6, 1973 Rural Pipeline 277 0 
Landskrona, 

Sweden 
January 16, 1976 Port Ship-storage 180 

connection 
2 

Blair, Nebraska November 15, 1970 Rural Storage tank 160 0 

Crete, Nebraska February 18, 1969 Urban Rail tanker 90 9 
Belle, West Va. January 21, 1970 Urban Rail tanker 75 0 
Texas, Tx City September 13, 1975 Urban Pipeline 50 0 
Potschefstroom, 

South Africa 
July 13, 1973 Urban Storage tank 38 18+ 

Houston, Texas November 15, 1976 Urban Road t.:tnker 19 6 
Li evi.n, France August 21, 1958 Urban Road tanker 19 

'I 
6 

Mean mortality index= total number fatalities 
total amount lost 

= 41 
2008 

= 0.02 
+Without this incident the mean mortality index= 0.01 
Mean mortality index of chlorine= 0.3 

" 
11 

" of flammable gases or vapor = 0.1 -0.6 
,,_ - - JJ____ - ~•---Qf--Arr:monitmr-!'fitrate--=-o-;-'I- - - - - -

Source: A report on Major Hazards by Advisors Cowmittee, Health and Safety 
Commission, Great Britain, 1979. · 
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c1uantities, is not particularly dangerous when handled with proper caution. 
/1ccordingly, mitigation measures expected to be taken by utilities to ensure , 

A minimiution of potential hazards due to ammonia spillage, 1>1hich would consis~ 
W of implementation of standard safe operating practices for potentially hazard~us 

materials, are expected to reduce potential hazards to very lo~, or negligible i 

levels. ' 

Coili:nen t 9: LADWP, in its writ ten testimony, expressed concerns regarding 
fon::ation of hydrogen cyanide (HCN) by ammonia injection. j 
Response: Brm•m and Sawyer were not able to detect either HCN or other nitro 
genous species (other than N0x, NH1 , or N2) in the stack gas from a laborator 1 

combustor burning No. l diesel dopad with pyridinel (Quarterly Prpgress Repo~t.
for ARB Contract AB-146-31 for l May - l July 1980). Hasea upon m1n1mum aetec~1on 
lkits associated with the various analytical procedures used, Brown and Sawyer 
estimated conservative upper limit concentration values of 5 ppm for all 
nitrogenous species (other than NOx, NH3, and N2) and l ppm for HCN in the 
laboratory combustor stack gas. 

These data, taken along with SCE's and ARB's tracer stud!qs, whi~b show that 
emissions from tall stacks are diluted by a factor of 10 to 10 (7), ;' 
sho~ that the maximum surface level concentration of all nitrogenous species 
(other than N0x, NH , and N2 ) is in the range of 5 to-500 parts per trillion 
and 1 to 100 parts 3Qer trilTfon for HCM, and may be substantially less. 

A threshold limit value (TLV) of 10 parts per million has been designated fori 
hydrogen cyanide (HCN), according to MLJltimedia Environmental Goals for I 

Ir.vironmental Assessment, Volume _11, MEG Charts ari~___!9ckground Information, I 

J.G. Cleland and G.L. Kingsbury, November, 1977; EPA-600/7-77-136b. The ambi¢nt 
level goal recommended in that same work is 24 parts per billion, based on he.1th 
effects. pocumentation of the Threshold Limit Values for Substances in Workplac~ 
Air, (American Conference of Governmental Industrial Hygienists, Third Editior;i 1971), 
shows that the TLV of 10 parts per million "contains a two-fold margin of saf~ty 
against mild symptoms of HCN response." ! 

i 

Thus, according to the test data, the highest ambient concentration expected ~ould 
be a factor of more than 200 below EPA recommended environmental goals for the 
atmosphere. 

'Com~ent 10:· SCE expressed concern that the Board's action would exacerbate o~one 
and oxidant air quality problems in the South Coast Air Basin. 

fesoonse: 'This concern is dealt with at length in the Board's Findings and 
Basis for decision, \~hich is incorporated by reference herein. 

CERTIFIED: A~.L 
Sally Rump 
Coard Sec r.:? t,1 ry 
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Alternatives 

There are five basic alternatives which the Board could adopt in reconsidering 
SCAQ~J Rule 1135.l and VCAPCD Rule 59.l. Following are descriptions and dis-

ecussions of tfi2se alternatives. 

Altern:!t~ve 1: Tale~jlcJ:ion_; th~.!_j__s_,_ the "no project" alternative. This 
alternative 1·10uld, in effect, reaffirm the versions of SCAQMD RufeTT35.l and 
VCA°CD Rule 59.l, currently stayed, both of which the Board adopted on 
March 27, 1980. This alternative would neither prevent nor mitigate the 
environ.nental and other concerns raised by the petitioner, SCE. and LADWP. 
the intervenor. It is with regard to the existing versions of these two 
rules that the environmental questions have been raised. 

Alternative 2: Rescind SCAQMD Rule 1135.l and VCAPCD 59.l. Under this 
alternati·1e, furTh-erlTIJx em1ss1on reductions would not 6e required, and power 
plants would continue to be subject to the control prescribed by SCAQMD Rule 46 
(125-225 ppm for gas-fired units and 225-325 ppm for oil-fired units) and by a 
comparable VCAPCD rule. Although this alternative would eliminate the concerns 
raised by SCE and LADWP, it would forego emission reductions of almost 60 tons 
per day of tlOx by 1990. Currently, NOx emissions from stationary sources in the 

A South Coast Air Shed are slightly over 450 tons per day. The nonattainment arei 
W plans for the South Coast Air Basin and the Ventura County Air Pollution Control 

District rely on these emission reductions to attain and maintain the national i 

c.:r.bient air quality standards for nitrogen dioxide and suspended particulate matter 
and, in the case of Ventura, for ozone as well. Also, such reductions in the , 
e;ilissions of NOx are necessary if the state ambient air quality standards for I 

nitrogen dioxide, suspended particulate matter, and visibility are to be attain¢d 
and r::~intained. If those standards are not attained and maintained, the adverse! 

14lt effects on the public health and 1•1elfare that the standards are intended to prelent 
will not be prevented. 

Rec,~'JSe the federal Clean {\ ir Act and the California Hea1th and Safety Code req ire 
that the ambient air quality standards be attained and maintained ·in order to 
protect public health and welfare. withdrawal of Rules 1135.1 and 59.1 would 
require that new measures be adopted to effect equivalent reductions from other 
sources. That is, NOx control measures would have to be adopted for sources fo 

A1·1hich control methods have not yet been identified, or for which controls cost 
• m')re for each pound of NOx reduction than those required by Rules 1135. 1 and 59 1 • 

Since all of the significant adverse environmental effects expected to result 
fro1n the proposal can be mitigated, the benefit of achieving the 60 tons per day 
NOx e:nission r2ductions by controlling p01•1er plants is preferable to controlling 
other sources at this time because control of other sources may be accompanied l 
by unkr.m-m e·11vironmental impacts. 

If other, more costly or unidentified rules were not quickly adopted, this alte -
r1ative would be inconsistent with state and federal laws, and would result in I 

pollutant concentrations in the South Coast Air Sl1ed which would be detrimental! 
to the public he,;1lth and 11elfare. This alternative is therefore infeasible, with 
sin,nificant adverse impacts on the environment: ! 

• I 

Alternative 3: Amend Rules 1135.1 and 59.l to be less stringent. Concerns raited 
by SCE and L,(O\·/P (such .as- increased·-erivi rorimenta1 burdens-of heavy meta1 s from 

A catalysts and emissions of ammonia) could be partially mitigated by making the 
W existing rules less stringent. Although this alternative would still provide 

some cost-effective reductions in emissions of NOx, these emission redt1ctions 
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i 
I 

would be less than the reductions that would result from the current rules. I 

T~erefore, t~e same problens discussed under Alternative 2 would apply, albeit tb 
I 

a lesser degree, to this alternative. Overall, the air quality benefit expectedi 
A.b:; irnple.".ientation of the rules \'/Ould be lost while the adverse impacts of the 
W,n;les \•10..;ld not be commensurably reduced. This is especially true since all such 

! 

inpacts can be mitigated without loss of environmental benefits, or have been i 
found not to be a problem. 

~lternJtive (: Rescind Rules 1135.1 and 59.l and restore the South Coast Air i 
(!Hht':' i·'.at~ac:e;;:~nt.District's origin~l Rule 475.l. This-rule requ1red ~ 90 percfnt 
reduction 1n em1ss1ons from every unit, a far more costly alternative s1nce the 

1 

utilities would not have the flexibility of selecting units to be controlled. This 
alternative would undoubtedly be unacceptable to SCE and LADWP because they petitioned 
the Board to set this rule aside in 1978. After hearing testimony on the rule. the 
Board found the rule to be inconsistent with Division 26 of the Hea1th and Safety Code 
for sevei·al reasons and amended the rule on August 7, 1978. The Board found at that 
t1~e that the ru1e imposed an unreasonable financial and engineering burden on tfe 
a7fected utilities and dici not require best available technological and administ ative 
practices. t:othing has changed in the interim to affect these findings; as a 
result, adoption of this alternative would result in a rule which would be in 

a:onflict \'1ith the Health and Safety Code. Furthermore, this alternative would 
! 

I 

•xacerbate the environmental concerns raised by the two utilities. While from a~ 
air q1Jality point of vie1~ this rule would achieve greater t:Ox reductions than thli! 
proposal, economic impacts of this alternative \'/Ould render its application infe.sible. 

I 
It also should he noted that the Ventura County Air Pollution Control District did not 
adopt a rule to control NOx emissions from power plants similar to Rule 475.l adbpted 
by the SCAQM □. Therefore, for consistency, the noard would have to consider ado~ting. 

- si;;iilc1r rule for the VCAPCD. ! 

r~lternative 5: PJriend Rules 1135.1 and 59. l as proposed. 

CG:,CLUS ION 

The Board finds that Alternative 5 is the most desirable of the alternatives lis,ed. 
i 

AAlternative 5 offers the potential of reducing emissions of NOx in the South I 

•coast Air Shed by an amount nearly equivalent to the reductions that l·JOuld result 
from the current versions of Rules 1135.l and 59.l, while effectively lessening i 

the significant environmental concerns raised by SCE and LADWP. This conclusion! 
is based on the following: · 

1. The require~ents of the amended Rules are clear, easily understood, and not 
subject to uncertainty. 

2. The amended Rules require the utilities to install controls only en units 
that are certain to be in use as base-load units through 1990, and units 
1·ihich 1,ill have high cr1pacity factors under~ realistic oil and gas 
reduction scenario likely to occur. 

3. The emission reductions resulting from implementing.the amended Rules are 
need2d to attain and maintain the state and national ambient air quality 
standard,; for nitrog':'n dioxide and total suspended particulate matter in 
the South Coast Air Basin, and for nitrogen dioxide, total suspended partic~­
late matter, and ozone in the Ventura County Air Pollution Control DistrictJ 
These reductions are also needed to attain and maintain the state visibility
standard. ! 
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Co~pliance with the amended rules can be achieved through installation 
of SCR on a limited number of units. 

In addition, weakening of the rules would only partially mitigate the environme~tal 
concerns raised, l'lhile creating r:e1~. more serious concerns (e.g., ·increases in NiOx 
e1nissions or NH 3). Most of the environmental concerns raised have been determi~ed 
not to pose significant prob'lems. Further, all legitimate concerns can be mitiglated. 
Th~ mitigation measures identified are either within the jurisdiction of other I 

agencies, which are currently regulating the subject utilities, or are within t~e 
direct control of the utilities that raised the concerns. Further, the utilitiels 
have an economic interest in assuring that the measures are carried out. Finall~. 
for the reasons identified in items 1 through 4 above, Alternative 5 will result 

1in fe11er potential adverse environmental impacts compared to Alternative 1, the 
no action alternative. 
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Subject, Filing of Ntti ce of 
Decision of the Air 
Resources Bard 

From Air Resources Board 

Pursuant to Title 17, Section 60007(b), and in compliance with 
Air Resources Board certification under section 21080.5 of the 
Public Resources Code, the Air Resources Board hereby forwards for 
posting the attached notice of decision and response to environ­
mental comments raised during the comment period. 

• ~/,~~
Sally Rump 
BOARD SECRETARY 

attach: Resolution 80-68 

RECEIVED BY 
Office of the Se<'.retary 

DEC 2 3 1~8U 

I 
ResourQts Agency of Colifornioi 



REcavEo BY 
Office of the Sec ,etaryState of California 

AIR RESOURCES BOARDe 
Resolution 80-69 

Reaources Agency of alifornio 
December 18, 1980 

WHEREAS, Health and Safety Code Section 39003 provides that the Air 
Resources Board (the "Board") is the state agency charged 1vith coordinating 
efforts to attain and maintain ambient air quality standards; 

WHEREAS, Health and Safety Code Section 39002 provides that local and 
regional authorities have the primary responsibility for control of air 
pollution from all sources other than vehicular sources, and provides 
further that the Board shall undertake control activities in any area 
wherein it determines that the local or regional authority has failed to 
meet the responsibilities given to it by Division 26 of the Health and 
Safety Code or any other provision of law; 

WHEREAS, Health and Safety Code Section 39500 provides that it is the intenf 
of the Legislature that the Board shall coord.inate, encourage and review th 
efforts of all levels of government as they affect air quality; 

I 

WHEREAS, Health and Safety Code Section 39600 provides that the Board shall 
do such acts as may be necessary for the proper execution of the po11ers and 
duties granted to, and imposed upon, the Board by Division 26 of the 
Health and Safety Code and by any other provision of law; 

HHEREAS, Health and Safety Code Section 39602 designates the Board as the 
air pollution control agency for all purposes set forth in federal law; and 
provides further that the Board is responsible for preparation of the state 
implementation plan required by the Clean Air Act, and to this end sha11 
coordinate the activities of all districts necessary to comply with that Act; 

1·/HEREAS, Health and Safety Code Section 39605 provides that the Board may 
provide any assistance to any district; 

WHEREAS, Hea1th and Safety Code Secti on 40001 pro vi des tha.t the 1ocal 
districts shall adopt and enforce rules and regulations which ~ssure that 
reasonable provision is made to achieve and maintain the state a.mbient air 
quality_ standards and shall also endeavor to achieve and maintain the feder,1 
ambient air quality standards; 

WHEREAS, Section 107(a) of the Clean Air Act provides that it is the 
responsibility of each state to assure air quality 1-iithin the entire 
geographic area of the state; 

WHEREAS, Section llO(a)(l) of the Clean Air Act requires that each state 
adopt a plan which provides for the implementation, maintenance, and enforce­
ment of national primary ambient air quality standards within each air 
quality control region of the state; 
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