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1 MARKET HIGHLIGHTS 

SPP operates and administers the Western Energy Imbalance Service (WEIS) market.1  The WEIS 

market is a price-based centralized real-time energy imbalance service market that provides 

market participants the ability to submit offers to sell and bids to buy imbalance energy, and 

settles the net supply or obligation for an asset owner.  Additionally, SPP performs supply 

adequacy analyses to assess the anticipated need for operating capacity as scheduled for each 

market participant and each balancing authority in the WEIS market. 

This report covers the performance of the WEIS market for the summer quarter of 2022 (June 

through August).  Highlights from this period include: 

 Hourly load averages for June 2022 were around 2.8 GWh and increased to over 3.1 GWh 

for July and then continued to increase in August to over 3.7 GWh.  The August jump 

was mainly attributed to Colorado Springs Utilities joining the market on August 1, 2022.    

 Coal remained the predominate fuel source and total generation was similar to the 

previous year.  Gas, combined-cycle, typically around one percent, increased to seven 

percent in August due to the addition of new resources within the footprint. 

 Increasing exports drove net exports up throughout the summer quarter.  Net exports 

for the 2022 summer quarter were comparable to the net exports during the same 

quarter last year.   

 In August, the average hourly transaction MWh for obligations (load and exports) 

jumped to 5,473 MWh which was around 23 percent higher than in August 2021.  This 

was mostly attributed to the addition of Colorado Springs Utilities.  

 The WEIS market continues to struggle with ramp availability and short-term system 

flexibility despite an abundance of online capacity.  

                                                           
1 The WEIS market was launched on February 1, 2021.  
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 Average load energy price was $30.98/MWh and $40.61/MWh for June and July, 

respectively, and increased to $48.04/MWh in August.  Overall, the average for the 

quarter was lower than in summer 2021. 

 The net load energy imbalance typically averaged around five percent of total generation 

and mirrored the trend of increased load and generation.   

 The summer quarter provided a total Revenue Neutrality Uplift (RNU) credit to the WEIS 

market of almost $1 million, mostly comprised of revenue inadequacy surpluses in June 

and July.  Overall, RNU credits for the summer quarter was higher than typical for June 

and July, but actually reversed to a small charge in August. 

 Congestion impacts remain limited in the WEIS market. 

 Overall, mitigation has been effective at the current thresholds for the first 18 months of 

the market. 

 Based on the tremendous growth expected over the next year, the MMU recommends 

keeping the mitigation thresholds at the current level.  Additional analysis will be 

performed once sufficient data is available including the new participants.   

Overall, the SPP Market Monitoring Unit (MMU) believes that the WEIS market functioned as 

expected during its second summer quarter of operations.  As discussed in the 2021 WEIS 

Annual State of the Market report, the WEIS market continues to have issues surrounding ramp 

availability and supply adequacy processes.  The MMU supports the incremental improvements 

to the market approved during this period, but recognizes those changes may take some time 

to implement.  The MMU recommends further enhancements to address the identified issues in 

the short-term.   



Southwest Power Pool, Inc. Load and resources 

Market Monitoring Unit 

WEIS Market - State of the Market   

June – August 2022  5 

2 LOAD AND RESOURCES 

This chapter reviews load and resources in the Western Energy Imbalance Service (WEIS) market.  

Key points include: 

 Hourly load averages for June 2022 were around 2.8 GWh and increased to over 3.1 GWh 

for July and then continued to increase in August to over 3.7 GWh.  The August jump 

was mainly attributed to Colorado Springs Utilities joining the market on August 1, 2022.     

 Coal remained the predominate fuel source and total generation was similar to the 

previous year.  Gas, combined-cycle, typically around one percent, increased to seven 

percent in August due to the addition of new resources within the footprint. 

 Increasing exports drove net exports up throughout the summer quarter.  Net exports 

for the 2022 summer quarter were comparable to the net exports during the same 

quarter last year.   

 In August, the average hourly transaction MWh for obligations (load and exports) 

jumped to 5,473 MWh which was around 23 percent higher than in August 2021.  This 

was mostly attributed to the addition of Colorado Springs Utilities.  

2.1 LOAD 

The average hourly energy load for the WEIS market is shown in Figure 2-1 below.  



Southwest Power Pool, Inc. Load and resources 

Market Monitoring Unit 

WEIS Market - State of the Market   

June – August 2022  6 

Figure 2-1 Average hourly load  

 

 

As anticipated, average hourly load steadily increased throughout the summer quarter and was 

up from the previous year.  Hourly load averages for June 2022 were around 2.8 GWh and 

increased to over 3.1 GWh for July and then continued to increase in August to over 3.7 GWh.  

The August jump is attributed to Colorado Springs Utilities joining the WEIS market on August 1, 

2022.    

2.2 RESOURCES 

Total monthly generation by technology type is shown in Figure 2-2.  The “other” category 

includes fuel oil, solar, biomass and other renewable and miscellaneous resources (not including 

wind and hydro resources), which in total account for less than one percent of generation in the 

WEIS market.   
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Figure 2-2 Generation by technology type 

 

The total overall hourly average generation typically follows the demand within the footprint, 

while the net exports remain fairly constant.  Similar to 2021, average hourly generation for the 

2022 summer quarter trended upward, starting out averaging around 3.4 GWh in June and 

increasing to 4.9 GWh in August.  The uptick in total generation in August, which closely 

matched the increase in load for that month was mostly attributed to the addition of Colorado 

Springs Utilities.  Coal and natural gas generation were the primary resource types providing the 

additional generation throughout the summer quarter.     

Figure 2-3 below shows the percentage of total generation attributed to each technology type.2  

                                                           
2 Only the most prevalent technology types are shown individually in this figure.  This chart groups “other” to 
include solar, renewable, fuel oil, and miscellaneous resources. 
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Figure 2-3 Generation percentage by technology type 

 

Coal generation continues to be the primary fuel type for the WEIS market, representing an 

average of 55 percent of total generation beginning in June and increasing to 61 percent for 

July and August.  Hydro generation was the second largest energy source, averaging 28 percent 

of total generation in June but trended downward throughout the quarter to 21 percent in 

August.  Wind penetration also trended downward throughout the quarter, starting in June at 

around 11 percent and ending at just 6 percent in August.  Gas, simple-cycle, remained around 

five percent with a slight uptick for August.  Gas, combined-cycle, typically around one percent, 

jumped to seven percent in August due to the addition of new resources within the footprint.   

Figure 2-4 shows wind and hydro output as well as the generation as a percent of load.   
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Figure 2-4 Wind and hydro generation  

 
 

Generation nameplate capacity at the end of August 2022 was 902 MW for wind resources (741 

MW from full participation resources and 161 MW from partial participation resources) and 

3,203 MW for hydro (3,056 MW from full participation resources and 147 MW from partial 

participation resources).  “Partial participation resources” are those resources registered under a 

host balancing authority but not available for economic dispatch by the WEIS market.   

The average hourly hydro generation for summer 2022 was very close to the same amount as 

the previous summer, starting out around 950 MWh in June and ending at 1,000 MWh for July 

and August.  Average hydro generation, as a percent of load, trended downward from 34 

percent in June to 27 percent in August.  The downward trend is attributed to the increase in 

load within the WEIS market.   

The average hourly wind generation started out in June around at 383 MWh and dropped to 

just over 310 MWh for July and August.  The summer 2022 average hourly wind generation was 

up around 70 percent over the 2021 average for the quarter.  When considering wind 

generation as a percent of load, there was a downward trend during the quarter.  This was due 

to an upward trend in load paired with a downward trend in wind generation from the start to 

the end of the quarter.   
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2.3 EXTERNAL TRANSACTIONS 

The WEIS market averaged around 1,590 MWh of exports for the summer quarter, with a peak 

of 1,730 MWh in August.  Hourly imports averaged 668 MWh for the summer quarter, peaking 

at an average of 748 MWh in July.   

Figure 2-5 shows average hourly imports and exports across the WEIS market area. 

Figure 2-5 Exports and imports 

 
Increasing exports drove net exports up throughout the summer quarter.  In June, net average 

exports were 711 MWh, increasing to 896 MWh in July and finishing the quarter at 1,160 MWh 

in August.  Net exports for the 2022 summer quarter were comparable to the net exports during 

same quarter last year.    

2.4 LOAD AND RESOURCES OVERVIEW 

The installed generation capacity for the market footprint continues to grow with the addition of 

new market participants in the WEIS market.  As shown in Figure 2-6, total installed nameplate 

generation capacity was 9,262 MW at the end of August 2022, representing an increase of 

around twenty percent from the start of the market in February 2021.  This increase can be 

attributed to the addition of a new wind resource registered by an existing market participant 

and along with additional generation registered by new participants in the market.   

-1,500

-1,000

-500

0

500

1,000

1,500

2,000

Sep 21 Oct 21 Nov 21 Dec 21 Jan 22 Feb 22 Mar 22 Apr 22 May 22 Jun 22 Jul 22 Aug 22A
v
e
ra

g
e
 h

o
u

rl
y
 t

ra
n

sa
ct

io
n

 M
W

h

Avg hourly imports Avg hourly exports

Avg hourly net Previous year avg hourly net



Southwest Power Pool, Inc. Load and resources 

Market Monitoring Unit 

WEIS Market - State of the Market   

June – August 2022  11 

Figure 2-6 Generation nameplate capacity by fuel type  

Resource 

type 

February 2021 August 2022 

Full 

participation 

Partial 

participation 

Total 

MW 

Percent 

of total 

Full 

participation 

Partial 

participation 

Total 

MW 

Percent of 

total 

Hydro 3,025 125 3,150 41.0% 3,056 147 3,203 34.58% 

Coal 2,203 864 3,067 39.9% 2,411 841 3,252 35.11% 

Wind 396 154 550 7.2% 741 161 902 9.74% 

Natural gas 139 473 612 8.0% 958 486 1,444 15.59% 

Fuel oil 254 — 254 3.3% 254 — 254 2.74% 

Solar — 56 56 0.7% 148 56 204 2.20% 

Other — 3 3 <0.1% — 3 3 <0.1% 

Total 6,017 1,675 7,692 100.0% 7,568 1,694 9,262 100.00% 

 

When combining both the full and partial participation resources, coal and hydro capacity each 

provide around 35 percent of the total capacity in the market. This has declined from around 40 

percent at the start of the market.  Wind continues to increase, due to added capacity, with a 

current market share of almost 10 percent of total capacity in the market.  The biggest growth 

since the start of the market is with natural gas, which is now over 15 percent of total nameplate 

generation.  

Figure 2-7 illustrates that total obligation, including load and exports, is met by the total supply 

of generation and imports.       
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Figure 2-7 Load and  resources aggregate 

 

The hourly average across all months has been around 4,000 MWh, until August 2022.  In 

August 2022, the average hourly transaction MWh for obligations (load and exports) jumped to 

5,473 MWh which was around 23 percent higher than in August 2021.  This was mostly due to 

the addition of Colorado Springs Utilities in the WEIS market. 
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3 OPERATIONS 

This chapter reviews operational activities, including the supply adequacy mechanism and 

previously expressed concerns regarding ramp capability.  Key points from this chapter include: 

 The WEIS market continues to struggle with ramp availability and short-term system 

flexibility despite an abundance of online capacity.  

3.1 SUPPLY ADEQUACY 

SPP performs supply adequacy analyses to ensure that each balancing authority participating in 

the WEIS market and the market participants within those balancing authority areas have 

sufficient generation in their operating plans to meet the projected load and ancillary 

service obligations of both the market participant and balancing authority. 

These analyses are performed at both the balancing authority and market participant level, and 

for both day-ahead and next-hour timeframes. The four metrics presented below reflect each of 

these analyses.  It should be noted, however, that while they reflect the rate at which these 

entities are passing or failing the binary adequacy determination, they do not necessarily reflect 

the degree to which supply inadequate entities are short (or, conversely, the degree to which 

sufficiently adequate entities are “long” over their determined adequacy requirements).  Results 

for this quarter remain consistent with pass/fail rates observed for the market’s first year of 

operation as well.  Those results and the MMU’s accompanying recommendations for 

improvements to the supply adequacy mechanism can be found in the MMU’s 2021 Annual 

State of the Market report for the WEIS market.3 

                                                           
3 WEIS State of the Market 2021 

https://www.spp.org/documents/67500/weis%20asom%202021.pdf
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Figure 3-1  Day-ahead supply adequacy results, BA-level 

 
Figure 3-1 above depicts the balancing authority (BA)-level results of the supply adequacy 

analysis in the day-ahead timeframe, while Figure 3-2 below depicts the results of the next-hour 

analysis.  In both figures, each operating day is assigned to a ten percentile range bucket 

corresponding to the proportion of intervals within that day passing the analysis.  WACM’s 

results in the day-ahead analysis show consistently high pass rates, a pattern continued from the 

last quarter.  WAUW’s pass rates continue to improve as the timeframe narrows from day-ahead 

to next-hour.  The financial and operational implications of these trends are explored further in 

Figure 3-6 below. 
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Figure 3-2  Next-hour supply adequacy results, BA-level 

 
As noted above, the market also performs analysis on both timeframes at the market participant 

level.  The below figures depict the results of those two sets of analysis for this quarter. 

Figure 3-3  Day-ahead supply adequacy results, market participant-level 
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Figure 3-3, styled similarly to the depictions of pass rates at the BA-level, shows results for seven 

participants in the WACM BA4, along with the cumulative results for all seven participants in the 

day-ahead analysis process.  These results demonstrate a concerning pattern of continually low 

pass rates at the market participant level. 

Figure 3-4 shows the cumulative days spent by each of these seven market participants at each 

level of pass/fail frequency.  Market participants six and four (MP 6, MP 4), for example, spend 

about half of the approximately 90-day period under a 50 percent pass rate.  MP 3 and MP 2, 

conversely, spend all days in the summer period at a 0 percent pass rate. 

Figure 3-4  Next-hour supply adequacy results, market participant-level 

Again, the pass rates of the supply adequacy process remain low, with the same market 

participants demonstrating high failure rates in both the day-ahead and next-hour timeframes. 

                                                           
4 Results for the WAUW BA are not presented because that BA possesses only one market participant, which 
precludes anonymization in reporting. Nevertheless, the MMU continues to monitor results across the entire 
market footprint. One market participant, which joined mid-way through the quarter, was excluded to maintain 
anonymity. 
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Figure 3-5  Next-hour MP-level supply adequacy results by hour 

 

Figure 3-5 depicts the MP-level results by operating hour, with each operating hour color-coded 

to represent the corresponding MP’s pass rate during that operating hour for the quarter. While 

the largest differences in pass rates are still observed between different participants, significant 

differences within the same market participants are seen over time as well.  Notably, lower pass 

rates coincide with peak load obligations in the late afternoon and evening for many.  

While the participant level results are concerning, they are mainly informative as it is the 

balancing authority supply adequacy process which activates constraints in the WEIS market.  

Per the protocols, if the results of SPP’s supply adequacy analysis identifies a balancing 

authority with an energy obligation deficiency, SPP will activate an operating constraint in the 

real-time balancing market to constrain the WEIS market’s economic dispatch to limit energy 

imbalance imports into the deficient balancing authority area from other participating balancing 

authority areas.  The operating constraint will be active in the market until there is no longer an 

energy obligation deficiency.5  

Figure 3-6 shows the financial impact through the summer quarter of the market for the two 

energy imbalance constraints, WEI_WAUW and WEI_WACM.  The Western Area Power 

                                                           
5 https://www.spp.org/spp-documents-filings/?id=208907 WEIS Market Protocols, Version 8, Section 4.3, Supply 
Adequacy Analysis 

https://www.spp.org/spp-documents-filings/?id=208907
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Administration Upper Great Plains Region (WAUW) balancing authority’s associated constraint 

WEI_WAUW’s impact was negligible, affecting around one percent or less of the intervals at an 

average price differential of less than $2/MWh this summer.  The Western Area Colorado 

Missouri (WACM) balancing authority’s energy imbalance constraint WEI_WACM was similarly 

insignificant in the summer quarter, with an average impact over the period around $3/MWh, 

with an average of six percent of intervals being supply inadequate over the entirety of the 

summer quarter.       

Figure 3-6 Congestion by shadow price 

 

 

WEI_WACM’s impact was the greatest in July 2022 with an average shadow price of just over 

$5/MWh and around 12 percent of the intervals impacted.  Despite this small overall price 

impact, the market frequently continues to procure insufficient ramp and capacity, causing 

power balance and ramp rate violations throughout the operating day on a regular basis.  The 

MMU continues to evaluate the limited price impact when considering the frequent insufficient 

ramp and capacity issues.  

SPP and market participants continue to enhance the supply adequacy processes, and have 

worked together to enact several incremental improvements to the processes over the course of 

the first year of operation.  The MMU continues to support improvements in forecasting and 
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incentives for adequate rampable capacity such as WEIS revision request 28 - partial 

participation entity dispatch enhancement6 and WEIS revision request 29 -  improve supply 

adequacy load forecast distribution7.  These enhancements will further the balancing authority’s 

ability to use the WEIS’s supply adequacy process to the benefit of the market participants and 

the balancing authorities as a whole.  The MMU will continue to monitor and develop reports to 

track the progression and impact of supply adequacy failures.  

3.2 RAMP AND POWER BALANCE VIOLATIONS 

Dispatchable, rampable capacity continues to be in short supply.  While the WEIS market 

possesses sufficient nameplate capacity, many dispatchable resources are offered with minimal 

available dispatchable and/or rampable capacity.  Economic limit parameter changes that force 

additional ramp needs, load forecast changes, and changes in net schedule interchange—as 

noted in prior Quarterly and Annual State of the Market publications8—continue to drive market 

struggles to supply sufficient ramp.  Market participants are also reluctant to offer additional 

resources due to risks associated with recovering costs when prices drop.      

                                                           
6 https://www.spp.org/Documents/66255/WRR28.zip   

7 https://www.spp.org/Documents/67566/wrr29.zip  

8 WEIS State of the Market Reports:  https://www.spp.org/spp-documents-filings/?id=275065.  

https://www.spp.org/Documents/66255/WRR28.zip
https://www.spp.org/Documents/67566/wrr29.zip
https://www.spp.org/spp-documents-filings/?id=275065
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Figure 3-7 Rampable range vs. sum of economic min to max 

 
Figure 3-7 above depicts the average sum of economic minimums and economic maximums, as 

well as the average sum of achievable, rampable range in the market on an interval-by-interval 

basis for online units.9  On an interval-by-interval basis (that is, every five minutes in real-time) 

the amount of rampable range is appreciably lower than the WEIS market’s total observed 

online economic minimum, maximum, or even the spread between the two.  Compared to the 

previous quarter, the amount of rampable range has remained relatively constant.  The 

additional dispatchable range provided with the addition of the new market participant in 

August 2022 is clearly visible, but the addition of rampable range is more muted.  

Ramp rate violations are linked to the lack of market-wide dispatchable, rampable capacity. 

These occur when a unit is instructed to move beyond its stated capabilities.  Figure 3-8 and 

Figure 3-9 below further explore ramp rate violations observed in the WEIS market. 

                                                           
9 Values were averaged at the hourly level to smooth out visual perceptibility and show stability or changes in 
longer-duration trends. 
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Figure 3-8 Count of daily violations by fuel type 

 
Figure 3-8 above shows the amount of resource-intervals (for example: one interval with two 

resources in violation would be two resource-intervals, as would two intervals with one resource 

in violation in each) with ramp rate violations by fuel type.  Until August 1st, coal resources were 

observed with the highest number of violations on a daily basis, at an elevated level carried over 

from the previous quarter. After August 1st, a clear decline in the number of violations and a shift 

in the violation-bearing technology to gas is noted. 

Figure 3-9 Magnitude of ramp rate violations by fuel type 

 
Measured by magnitude, a similarly dramatic shift is observed around August 1st.  Ramp rates 

are measured as an amount of MW movement over time (minutes).  The MW-minutes per day 
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metric in Figure 3-9 shows that coal resources have the most significant violations, again at a 

level consistent with the prior quarter, until a sharp decline and shift in burden to gas beginning 

on August 1st.   

Figure 3-10 shows a pattern of continued market-wide ramp shortages, particularly in the 

upwards direction.  Looking at each day’s highest shortage amount, there is little difference 

observed during the period or compared to prior quarters. 

Figure 3-10  Max daily up ramp deficit 

 

Figure 3-11 depicts a similarly concerning, persistent deficit in the supply of generation, with the 

average interval on some days being as much as 100 MW deficient. 
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Figure 3-11  Average market-wide generation deficit 

 

The WEIS market working group has provided education and several presentations to market 

participants and has also reviewed several market enhancements that may assist in alleviating 

ramp rate and power balance violations.  These enhancements include increased accuracy to the 

forecast load reports, ensuring tags are ramped in and out of the market, and possible changes 

to account for economic limit updates.  SPP has initiated conversations with market participants 

to discuss offered rampable capacity in the WEIS market and encourages more capacity to be 

offered in order to increase market efficiency.     

The MMU supports the initiatives that WEIS working groups are reviewing, as well as the 

continued outreach efforts with the members to decrease ramp violations and increase ramp 

availability.  The MMU also made recommendations in its 2021 Annual State of the Market 

report for the WEIS market with regards to the lack of dispatchable, rampable capacity in the 

market.  While the WEIS market is a voluntary market, adequate ramp availability is necessary for 

an efficient market with meaningful price formation.
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4 MARKET PRICES AND COSTS 

This chapter reviews prices and costs in the WEIS market.  Key points from this chapter include: 

 Average load energy price was $30.98/MWh and $40.61/MWh for June and July, 

respectively, and increased to $48.04/MWh in August.  Overall, the average for the 

quarter was lower than in summer 2021. 

 The net load energy imbalance typically averaged around five percent of total generation 

and mirrored the trend of increased load and generation.   

 The summer quarter provided a total Revenue Neutrality Uplift (RNU) credit to the WEIS 

market of almost $1 million, mostly comprised of revenue inadequacy surpluses in June 

and July.  Overall, RNU credits for the summer quarter was higher than typical for June 

and July, but actually reversed to a small charge in August. 

4.1 MARKET PRICES 

Coal generation is the predominant generation type in the market, representing around 60 

percent of the total energy provided.  The remaining 40 percent of generation is provided by 

hydro, wind, and gas resources.  With limited resources and market participants in a voluntary 

imbalance market, price volatility is strongly associated with the supply—or lack thereof—of 

interval-by-interval rampable capacity.  This correlation and impact is higher during the winter 

and summer peaks.  Following the increase in demand, the price trends upward throughout 

summer months of 2022.     
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Figure 4-1 Energy and gas prices 

 
 

Figure 4-1 shows the average load energy price at $30.98/MWh and $40.61/MWh for June and 

July, respectively, and increases to $48.04/MWh in August.  Compared to the previous summer 

quarter, the average load price trend was reversed with prices in 2021 being much higher for 

June and July, but lower for August.  Spot prices for natural gas at the Cheyenne hub during the 

summer started at an average $7.26/MMBtu in June, dipped slightly to an average $6.71/MMBtu 

in July, before ending in August at an average $8.10/MMBtu.  Gas prices are up over 100 percent 

from the summer 2021 average price of $3.50/MMBtu.        
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Figure 4-2 Price map (off-peak) 

 
 

The off-peak price map shows the average locational marginal price of the WEIS market 

footprint during the off-peak timeframe across the fall quarter.  The chart shows little 

divergence across the region; this is due to the market’s minimal congestion and outages.  

Narrowly-distinguishable color gradients are a reflection of the market’s limited congestion 

impacts.  As shown in Figure 4-2, off-peak prices averaged $31.98/MWh in summer.   
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Figure 4-3 Price map (on-peak) 

 
 

On-peak summer prices averaged $50.49/MWh as shown in Figure 4-3.  Much like the off-peak 

hours, the minimal color variations can be attributed to the small amount of congestion in the 

region.  The price divergence between off-peak and on-peak average prices continued to 

increase with an average price divergence of $18.51/MWh in the summer 2022, up from the 

$14.13/MWh price divergence in during spring 2022.  
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The frequency of negative price intervals for the WEIS market is shown in Figure 4-4.  While 

negative energy prices are a legitimate market outcome and the impact is limited within an 

energy imbalance market, negative energy prices can still make it difficult for market 

participants selling energy to the market to earn revenue.  Negative price intervals can be 

caused by many different factors including high amounts of wind generation, lack of 

dispatchable range, and external impacts.   

Figure 4-4 Frequency of negative price intervals 

 
 

The frequency of negative intervals trended sharply downward throughout the summer quarter.  

Market intervals with prices below zero represented over five percent of intervals in June.  The 

percentage decreased in July to around three percent before ending the quarter at close to one 

percent of negative intervals in August.  While the frequency of negative intervals was much 

higher in June and July 2022 than for those same months in 2021, August 2022 was much lower 

than August 2021.  These intervals were characterized by high wind penetration and low load 

levels when wind resources were setting price.   
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Figure 4-5 SPP market vs. WEIS market - MEC coefficient of variation 

Figure 4-5 above depicts the coefficient of variation—measured as the standard deviation 

divided by the mean—of MECs in the WEIS and SPP markets on a one-day rolling basis (each 

day contains 288 5-minute dispatch intervals).  This measure allows for direct comparison of 

price volatility between sets of prices with differing average prices.   

Market volatility was less pronounced than in previous quarters in both markets, but notably 

higher in the WEIS, a departure from previous patterns.   As noted previously, sharp rises in the 

coefficient of variation metric are often more easily attributed to successive periods of low 

average prices (due to low load levels and high wind penetration levels during the spring), than 

to sudden increases in the standard deviation of prices.  It is the denominator that is 

approaching zero which drives the increase in perceived price volatility. In this quarter, the same 

mechanic acted in reverse, with higher average prices and constant standard deviations leading 

to lower market volatility, as measured by the coefficient of variation metric. While WEIS market 

prices were more volatile, they remained—on average—lower than those in SPP, as measured by 

the MEC. 

4.2 ENERGY IMBALANCE  

The WEIS market does not settle energy based on actual injection into and withdrawal from the 

market.  Instead, the WEIS market settles imbalance energy per settlement location that is based 
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on the difference between the market participant’s obligation and supply by asset owner within 

the WEIS market footprint for each dispatch interval.  Only excess supply to the market by an 

asset owner or excess withdrawal from the market by the asset owner is subject to settlements.   

Figure 4-6 WEIS market daily imbalance averages per month 

 
Figure 4-6 shows the daily energy imbalance average megawatt-hours since the start of the 

WEIS market.  Since the start of the WEIS market, the amount of energy that settles typically 

averages about five percent of total energy within the market.   For June 2022, the supply and 

obligation has a very large disparity.  This June difference was traced back to a meter data 

submission issue that occurred for most of operating days in June for some settlement locations.  

The difference is expected to dissipate when updated and corrected meter data has been 

submitted.  The summer quarter ended in August with the net load energy imbalance averaging 

over five GWh per day, which follows the overall increases in load and generation from the 

addition of Colorado Springs Utilities.    

4.3 MITIGATION 

SPP employs automated conduct and impact mitigation logic to address potential market power 

abuse.  Accordingly, WEIS market resources’ incremental energy offers are subject to ex-ante 

mitigation for economic withholding.  As part of an in-depth review of the mitigation thresholds, 

the normal mitigation charts have been moved to the Special issues section.   
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4.4 UPLIFT 

The WEIS market has limited uplift revenues and credits, as it is an imbalance only market.  All 

uplift monthly payments (positive amounts) and credits (negative amounts) since June 2021 are 

depicted in Figure 4-7, including the total revenue neutrality uplift amount.   

Revenue neutrality uplift (RNU) is used to distribute settlement credits and charges resulting 

from the uplift charges and credits, including rounding errors and any miscellaneous 

adjustments in order for the settlements of the market to maintain a zero balance.  Revenue 

neutrality uplift sums the credits and charges and then applies back the net difference to the 

market based on a ratio share of megawatts of activity (generation, load, export, and import).   

Revenue inadequacy results from summing the energy imbalance service charges (payments 

and credits for energy bought and sold within the market) with any over or under payments 

distributed back to market through RNU.  

Out-of-merit energy (OOME) is a credit to an asset owner when a resource is given a setpoint 

instruction that is uneconomical based on the resource’s offer and the market price results in a 

cost to the asset owner.  This credit is then charged back to the market through a corresponding 

RNU charge.  

Uninstructed resource deviations (URD) occur when resources operate outside of their operating 

tolerance bands without an exemption.  The incremental differences in the actual energy output 

and the requested outputs are subject to a charge.  These charges are then distributed back to 

the market through an RNU credit.  
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Figure 4-7 WEIS market settlements – revenue neutrality uplift 

 

The summer quarter provided a total RNU credit to the WEIS market of almost $1 million, mostly 

comprised of revenue inadequacy surpluses in June and July.  Overall, RNU credits for the 

summer quarter was higher than typical for June and July, but actually reversed to a small 

charge in August.  The revenue inadequacy and RNU will continue to adjust as updated meter 

data submittals are resettled.   
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5 CONGESTION  

This chapter reviews congestion and the impact within the WEIS market.  Key points from this 

chapter include: 

 Congestion impacts remain limited in the WEIS market. 

5.1 CONGESTION 

The impact of a constraint on the market is represented by its shadow price, which reflects the 

magnitude of congestion on the path represented by the flowgate or service flow constraint.  

The WEIS market has three types of constraints that can impact congestion: 

 Reliability constraints, similar to physical limits, stability limits, and flowgates modeled in 

the SPP RTO; 

 Service flow constraints, introduced to respect rights of non-participants in the market 

region; and 

 Energy imbalance constraints, introduced to restrict the flow of imbalance energy 

between the Western Area Colorado Missouri (WACM) and the Western Area Power 

Administration Upper Great Plains Region (WAUW) balancing authorities when a 

balancing authority is deemed supply inadequate.  

Service flow and energy imbalance constraints are design features unique to the WEIS market 

and are not found in the SPP Integrated Marketplace. 

The shadow price indicates the marginal value of an additional increment of relief on a 

congested constraint in reducing the total production costs.  This is the marginal congestion 

component of the energy price.  Congestion by shadow price for the top ten congested 

flowgates is shown in Figure 5-1 and is based on the average impact across all intervals for the 

period.  As can be seen in the chart, most of these constraints had very minimal impact during 
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the summer quarter.  Different areas of the footprint experience varying levels of congestion, 

which is caused by many factors, including transmission bottlenecks, transmission and 

generation outages (planned or unplanned), weather events, and external impacts.   

Figure 5-1 Quarterly congestion by shadow price 

 

Type Constraint name Element/Info 

WTP 
Reliability flowgate 

constraints 

Based on physical limits, stability limits, and flowgates 

modeled in SPP RTO 

WSF 
WEIS market Service 

Flow constraints 

Restrictions to respect rights of non-participants in the 

market region 

WEI WEIS market Energy 

Imbalance constraints 

Used to restrict the flow of imbalance energy between the 

Western Area Colorado Missouri (WACM) and the 

Western Area Power Administration Upper Great Plains 

Region (WAUW) balancing authorities when a balancing 

authority is deemed supply inadequate.  

 

During the summer quarter, the WTP044_92044 flowgate, located in central Wyoming, showed 

an average impact of $10.81/MWh with almost four percent of intervals congested.  The 

WEI_WACM energy imbalance constraint had an average impact of almost $3/MWh.    

Overall, the impact of congestion remains limited in the WEIS market and not been seen as an 

issue since the start of the market.   
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6 SPECIAL ISSUES – MITIGATION 

THRESHOLD REVIEW 

This chapter reviews the mitigation and threshold impacts in the WEIS market for the first 18 

months of the market.  Key points from this chapter include: 

 Overall, mitigation has been effective at the current thresholds for the first 18 months of 

the market. 

 Based on the tremendous growth expected over the next year, the MMU recommends 

keeping the mitigation thresholds at the current level.  Additional analysis will be 

performed once sufficient data is available including the new participants.   

In a competitive electricity market, prices should reflect the short-run marginal cost of 

producing the marginal unit.  In the WEIS market, market participants submit hourly mitigated 

energy offer curves that represent their short-run marginal cost of energy.  Market participants 

also submit their market-based offers, which may differ from their mitigated offers.  These offers 

play a key role in the market because they define the competitive supply curve for individual 

generators and help determine the competitive price. 

To help ensure the WEIS market is efficient and competitive, processes are put in place to 

automatically review energy offer curves to help prevent economic withholding, uneconomic 

production, or other market power manipulation.  Part of this process is comparing the energy 

offer curves to mitigated offer curves which are based on the short-run marginal cost of 

production of the energy.     

Market participants must submit for MMU approval a mitigated offer methodology for every 

resource with supporting documentation.  The approved methodology will be used to verify that 

the submitted mitigated offer curves represent an accurate cost.  As defined in section 7.2 of the 
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WEIS protocols,10 SPP reviews the offers as part of the market power mitigation and monitoring 

process for economic or physical withholding to determine if mitigation is needed.  Mitigation 

measures are applied consistent with section 7 if the WEIS protocols.   

The mitigation measures used to evaluate the mitigation of energy offers are driven by 

thresholds within the process.  Prior to the start of the WEIS market and approval of the tariff, 

the energy offer curve mitigation thresholds were tightened in response to a FERC deficiency 

response.11  These changes included: 

(1) The energy offer curve conduct threshold for resources within frequently constrained 

areas reduced from 17.5 percent to 0 percent; 

(2) the energy offer curve conduct threshold for resources not within a frequently 

constrained area reduced from 25 percent to 15 percent;  

(3) the threshold below which energy offer curves are not subject to mitigation reduced 

from $25/MWh to $5/MWh; and  

(4) the LMP impact threshold reduced from $25/MWh to $5/MWh.   

Per the WEIS tariff, “If, after the implementation of the WEIS Market, analysis performed by the 

Market Monitor indicates that an increase in the threshold is appropriate, the proposed change will 

be filed with the Commission along with justification for consideration of the change in the 

threshold.”12  The SPP MMU committed to evaluate each threshold and make recommendations 

as needed to address any inefficiencies identified after 18 months of market results are available.   

                                                           
10 https://www.spp.org/spp-documents-filings/?id=208907 WEIS Market Protocols, Version 8. 

 

11 On April 20, 2020, Commission staff issued a letter informing SPP that its  
filings were deficient and requested additional information (Deficiency Letter).  On  
May 22, 2020, SPP filed a response to the Deficiency Letter in Docket Nos. ER20-1059-001 and ER20-1060-001 
(Deficiency Response).  Notice of SPP’s Deficiency Response was published in the Federal Register, 85 Fed. Reg. 
32,376 (May 22, 2020) 

12 Western Energy Imbalance Service Tariff, Attachment A, Section 3.5 

https://www.spp.org/spp-documents-filings/?id=208907
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The special issue of this quarterly report details the study and results of the analysis performed 

to evaluate the impact and effectiveness of the existing mitigation thresholds. 

6.1 CONDUCT THRESHOLD 

In a competitive electricity market, prices should reflect the short-run marginal cost of 

producing the next megawatt of energy.  In the WEIS market, market participants submit hourly 

mitigated energy offer curves that represent their short-run marginal cost of energy.  Market 

participants also submit their market-based offers, which may differ from their mitigated offers.  

These offers play a key role in the market because they define the competitive supply curve for 

individual generators and help to determine the competitive price. 

The market is a price-based centralized real-time energy imbalance service market that provides 

market participants the ability to submit offers to sell and bids to buy imbalance energy, and 

settles the net supply or obligation for an asset owner.  Based on the WEIS Tariff, an energy offer 

curve below the $5/MWh conduct threshold will not be subject to mitigation measures for 

economic withholding.  Partially participating resources are not obligated to submit mitigated 

energy offer curves and are not subject to mitigation measures.  

To assess market performance for the first 18 months of the market, Figure 6-1 shows how the 

market participants offered resources (excluding partial participating resources) to the market 

for each hourly offer.  On average, using the current $5/MWh threshold, 82 percent of the offers 

are subject to mitigation.   

Figure 6-1 Offers subject to mitigation 

Resource 

type 
February 2021 - August 2022 

Offers below $5/MWh Offers above $5/MWh Percent subject to mitigation 

Hydro 39,867 409,739 91% 

Coal 5,206 120,147 96% 

Wind 64,817 0 0% 

Natural gas 6 4,752 100% 

Fuel oil 0 80 100% 

Solar 4,934 

 

0 0% 

Other 0 0 0% 

Total 114,830 534,718 82% 
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Breaking out the hourly offer data by month and offer levels between $5/MWh and $25/MWh, 

Figure 6-2 shows the possible impact for changes in the $5/MWh threshold based on 

percentage offers at their economic max.  Offers under $5/MWh, which are not subject for 

mitigation, represented a total of around 18 percent, but trended upward from March 2022, 

ending at over 25 percent in August 2022.  The percentage of offers over $25/MWh started out 

in the market around 70 percent but declined to just over 50 percent by August 2022.  The 

percentage of offers in the $20/MWh - $25/MWh range was very low throughout the first 18 

months.  The percent of offers that ranged between $5/MWh - $25MWh fluctuated somewhat 

between the categories, but overall remained fairly consistent.  

Figure 6-2 Offer percentage subject to mitigation 

 

Figure 6-3 is similar to the offer percentages, but focuses more on actual count of offers to 

provide a numerical representation by month.  
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Figure 6-3 Offer count subject to mitigation breakout by month 

 

As Figure 6-2 and Figure 6-3 show, the impact of changing the threshold from $5/MWh to 

$25/MWh would remove around 18 percent, or an average of 6,500, of monthly offers subject to 

mitigation.   

To test the efficiency of the current market mitigation thresholds, the MMU also performed a 

sensitivity analysis of the threshold to determine how the percent of offers subject to mitigation 

change by increasing the threshold across each resource type.  

Figure 6-4 Conduct subject threshold sensitivity analysis by fuel type 

Resource type 

February 2021 - August 2022 

Offers over 

$5/MWh 

Offers over 

$10/MWh 

Offers over 

$15/MWh 

Offers over 

$20/MWh 

Offers over 

$25/MWh 

Hydro 91% 91% 91% 91% 91% 

Coal 96% 85% 42% 4% 0% 

Wind 0% 

 

0% 

0 

0% 

0 

0% 

0 

0% 

0 Natural gas 100% 100% 100% 100% 100% 

Fuel oil 100% 100% 100% 100% 100% 

Solar 0% 

 

0% 

0 

0% 

0 

0% 

0 

0% 

0 Other 0% 

 

0% 

0 

0% 

0 

0% 

0 

0% 

0 Total percentage 82% 80% 72% 65% 64% 

 

The data in Figure 6-4 is based on the economic max of the energy offer through the first 18 
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threshold from $5/MWh to $25/MWh would have only impacted coal resources, but the impact 

would have been that almost all coal offers would have been excluded from mitigation since 

almost 100 percent of the energy offers would have fallen below the $25/MWh threshold.  For 

all other fuel types, either the energy offers fell below the current $5/MWh threshold, such as for 

wind and solar, or the energy offers were mostly greater than a $25/MWh threshold to be 

subject to mitigation such as hydro, natural gas, and fuel oil.  

Figure 6-5 WEIS market fuel on margin 

 

 

Figure 6-5 provides the average percent of intervals where each fuel type is on the margin and 

setting price.  Coal resources have provided around 60 percent of the energy while setting the 

price around 66 percent of the time.  While coal on margin has varied from a low of 45 percent 

to a high of 83 percent, the data shows that roughly two-thirds of the time, coal is setting price 

and that price falls between $5/MWh to $25/MWh for 96 percent of those prices.    

6.2 MARKET POWER CONDUCT THRESHOLDS 

The WEIS market was implemented with relatively lower thresholds for mitigation when 

compared with other markets such as the SPP Integrated Marketplace.  With limited historical 

offer data and market analysis, the lower thresholds were intended to provide safeguards 
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against the exercise of local and system-wide market power in the WEIS market.  The Energy 

Offer Curve conduct thresholds are as follows: 

a) For the local market power test of Resources located in a Frequently Constrained Area, 

the threshold is a 0 percent increase above the mitigated Energy Offer Curve when the 

Frequently Constrained Area has a binding constraint. 

b) For the local market power test of all other Resources and Resources in a Frequently 

Constrained Area when the Frequently Constrained Area does not have a binding 

constraint, the threshold is a 15 percent increase above the mitigated Energy Offer 

Curve. 

c) For the system-level structural market power test of all Resources the threshold is a 15 

percent increase above the mitigated Energy Offer Curve. 

For the first 18 months, there was very limited congestion within the market and there were no 

frequently constrained areas identified.  Because of the absence of frequently constrained areas, 

this analysis did not compare the local market power test binding threshold of 0 percent versus 

the non-binding threshold of 15 percent within the WEIS market.  The analysis focused on the 

system-level structural market power test of all resources based on the 15 percent increase 

above the mitigated energy offer curve threshold.  

Figure 6-6 shows how much the real-time offers are above the mitigated offers of each fuel type 

by the markup percentage of each market hour (excluding fuel oil which had less than 100 

intervals).  The orange line is a 15 percent reference line, which is the conduct threshold of the 

WEIS market power test.  The graph illustrates there are different offers strategies for the 

different fuel types.  Hydro resources offered more than 15 percent above their mitigated offers 

in nearly 35 percent of the market hours, while coal resources offered 15 percent or higher 

above their mitigated offers in only 0.1 percent market hours.  
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Figure 6-6 Percentages of real-time offers over mitigated offers 

 

Figure 6-7 illustrates the average percent of real-time offers over mitigated offers by fuel type 

by month.  On average, most months show real-time offers less than 15 percent over the 

mitigated offers with the exceptions of natural gas resources and fuel oil offers in February 2021 

(winter weather event) and hydro resources since November 2021.   

Figure 6-7 Monthly real-time offers over mitigated offers percent by fuel type 

 

 

Based on analysis of the first 18 months of the market, most energy offers remained under the 

15 percent threshold.  This is not unexpected, as participates are likely submitting their energy 
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offers such that they are just within the threshold so as not be subject to mitigation.  If the 

conduct threshold is increased from 15 to 25 percent, resources that are currently offering 

greater than the $5/MWh threshold would have the ability to increase their energy offers to just 

under the 25 percent threshold and not be subject to mitigation.     

6.3 MARKET IMPACT TEST THRESHOLD 

When market conditions are concentrated—either locally or system-wide—a market solution 

with no mitigation in place is differenced against a market solution with the appropriate 

mitigation applied.  If any settlement location’s locational marginal price without mitigation is 

more than the corresponding price provided by the mitigated solution by at least $5/MWh (the 

applicable impact test threshold), the mitigated solution is applied for dispatch and settlement.  

The market impact test threshold was initially set to an LMP impact of $5/MWh as opposed to 

$25/MWh impact threshold in the SPP Integrated Marketplace.  The MMU performed analysis to 

determine if there was justification to increase the impact test threshold in the WEIS market.  

The real-time offers closely matched with the mitigated offers for all different fuel types.  

Because of the increase in natural gas prices, the offers of natural gas resources trended with 

changes in the fuel costs throughout the year.  The hydro resources significantly increased their 

offer prices during the summer months with average offer prices reaching $150/MWh in June 

and July.  The offers dropped to around $50/MWh in November and stayed at that range 

through the end of the study period.  Coal resource offers remained very stable throughout the 

first 13 months with little variation.  With limited fuel oil resources, many intervals do not 

contain fuel oil offers to the market, which might be due to their high costs and/or lack of 

availability. 

Finally, Figure 6-8 and Figure 6-9 below depict the total proportion of MWh mitigated each day 

since the beginning of the market. 
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Figure 6-8 Mitigated MWh percent by day 

 
Consistent with the results of Figure 6-7 above, Figure 6-8 shows a stark “learning period” of 

frequent mitigation at the immediate beginning of the market, with an equally stark drop-off in 

mitigation frequency leading into occasional summer spikes and spending most of 2022 with 

under 5 percent mitigation frequency. 

Figure 6-9 Mitigation daily frequency distribution 

 
Figure 6-9 above supports the conclusion that, despite occasional upticks, on most days the 

market requires little to no real-time mitigation of transacted MWh based on current thresholds.  

There was no mitigation on 177 days, and more than half of all days observed saw less than one 

percent of total MWh mitigated.  
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When we look at just the overall basis of mitigation across the first 18 months, Figure 6-10 

shows the number of intervals that were mitigated versus unmitigated.  For the first 10 months, 

the mitigation level was very low with the exception of the first month of the market.  Mitigation 

increased in November 2021 and stayed between 10 and 20 percent until August of 2022.  All of 

the intervals mitigated was based on an impact that was greater than $5/MWh.   

Figure 6-10 Mitigation interval percent 

 

In Figure 6-11, the mitigation intervals are broken out by impact range for all resources and 

shown as percentage of total intervals by month.  The chart shows, especially since November 

2021, the $10/MWh - $15/MWh range was the most impacted.    
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Figure 6-11 Market impact distribution chart 

 

Figure 6-12 shows the number of intervals mitigated and the impact range for each quarter 

since start of the market.  The chart shows that for summer 2022, the largest impact range of 

$10/MWh - $15/MWh with 1,691 intervals which represents around nine percent of all intervals 

for the period, with only 415 intervals greater than a $25/MWh impact.  This metric had been 

trending upward since November 2021, but dropped almost in half during the summer 2022 

quarter.   

Figure 6-12 Intervals mitigated by dollar impact range  
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Overall, the breakout of the impact range shows that very few intervals fall in the impact ranges 

above $15/MWh.  While analyzing based on historical data, changing the threshold limit to 

greater than $15/MWh would have reduced the number of intervals impacted by 82 percent.   

But if the impact range was greater than $5/MWh, that would have likely have had an impact on 

the energy offers and thus could have impacted the breakout of the impact ranges.  Increasing 

the impact threshold would allow market participants additional range to increase their energy 

offers above their mitigated offers and could provide an incentive for more dispatchable energy 

above their own obligations.  With the energy imbalance market not having a make-whole 

payment type of product, many market participants have stated they are reluctant to offer 

additional capacity due to the possibility of losses.  Increasing the threshold may provide 

additional financial incentive to market participants within the market.    

6.4 CONCLUSION 

The analysis performed by the MMU shows that, overall, mitigation has been effective at the 

current thresholds for the first 18 months.  The MMU recognizes that there could be some 

benefit in increasing the thresholds, particularly for coal generating resources.  However, there 

are externalities, such as the planned addition of new market participants that must be 

considered.  Due to the tremendous growth expected over the next year, the MMU recommends 

keeping the mitigation thresholds at the current level until further evaluation can be performed 

that would include the impact of the new participants to the market.     

The MMU considered multiple factors when making its recommendation regarding the potential 

changes to the mitigation thresholds.  First, mitigation is not overly frequent, and in fact, 

changing the conduct threshold would primarily only impact coal resources.  Additionally, 

analysis shows that the existing 15 percent margin does allow additional flexibility for coal 

resources before mitigation.   

Since the start of the market, around 5 percent energy has been consistently settled in the 

market.  This limits the financial impact to most market participants and they continue to have 
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the ability to hedge by settling outside of the market.  An increase in thresholds would have a 

limited impact on the overall financial settlement within the market. 

The MMU recognizes increasing certain mitigation thresholds could help incentivize market 

participants to offer additional rampable energy to the market.  By allowing for a wider range 

between the energy and mitigated offer without the risk of mitigation, resources could offer 

higher energy offers which could be financially beneficial.  This would be especially true for coal 

and gas resources.  The possibility of additional financial benefits could help offset the lack of a 

make-whole payment and may also provide a more accurate price formation.   

While there are potential benefits to an increase in the thresholds, there remain stronger 

reasons for leaving the limits unchanged.  The current number of market participants is still very 

low and while we have not seen much congestion or a frequently constrained area, the potential 

of any one market participant having the ability to impact pricing through market power 

remains high.  Keeping the thresholds at the current level provides guard rails for the growing 

market as new market participants continue to join.  

The original justification prior to the start of the market to lower the limits due to limited data 

must be taken into account.  While the focus is often the uncertainty of fuel costs, one of the 

biggest uncertainties is an assessment of market participant behavior.  With significant recent 

and future additions planned for the market, additional time may be needed before 

recommending changes to the existing thresholds.  The addition of Colorado Springs Utilities in 

August 2020 added around 20 percent to the market size.  The WEIS market is expected to grow 

again in April 2023, almost doubling in size, with the addition of market participants to the 

existing balancing authorities and the new Public Service Company of Colorado (PSCO) 

balancing authority area.     

When considering everything on balance, the MMU recommends keeping the mitigation 

thresholds at the current level until more data is available.  This will provide continued 

safeguards as the market grows.  Once sufficient market data is available, such as 18 months of 

data, the MMU will consider additional analysis and make recommendations where appropriate.  
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The MMU will continue to monitor the WEIS market and report on the results of mitigation in 

the market.   
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The data and analysis provided in this report are for informational purposes only and shall not be considered or relied upon as market 

advice or market settlement data.  All analysis and opinions contained in this report are solely those of the SPP Market Monitoring Unit 

(MMU), the independent market monitor for Southwest Power Pool, Inc. (SPP).  The MMU and SPP make no representations or 

warranties of any kind, express or implied, with respect to the accuracy or adequacy of the information contained herein.  The MMU and 

SPP shall have no liability to recipients of this information or third parties for the consequences that may arise from errors or 

discrepancies in this information, for recipients’ or third parties’ reliance upon such information, or for any claim, loss, or damage of any 

kind or nature whatsoever arising out of or in connection with: 
i. the deficiency or inadequacy of this information for any purpose, whether or not known or disclosed to the authors; 

ii. any error or discrepancy in this information; 

iii. the use of this information, and; 

iv. any loss of business or other consequential loss or damage whether or not resulting from any of the foregoing. 


